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Abstract

Habitatdestructiorandfragmentatioraremajor humanimpacts.Microcosmexperimenthave
shownthathabitatfragmentatiorcanalterthe persistencandpopulationdensitiesof members
of acommunity.Spatialheterogeneityallowsrecolonizatiorfrom otherpatchegesultingin
long-termspeciepersistencepreventingspeciesrom goingextinct. Much of our understandin
of theseprocessebavecomefrom protistmicrocosmstudies However,mostmicrocosm
studiesof habitatfragmentatiorhavefocusedon predator/preynteractionghatinclude
specialisipredatorsHere,we useprotistmicrocosmgo studythe persistencef a predator/prey
systemusingAmoebaproteusa generalispredatorandParameciuntaudatunasprey. Unlike
specialisppredatorsgeneralistareexpectedo be overrepresenteth fragmentechabitatsand
havelongerpersistencéimes,meaningthatunderstandingheir dynamicss important.This
studyaimsto understan@dndpredictthe ecologicalimpactsof habitatfragmentationa major
concernin conservatiorbiology. The objectiveof this projectis to parameteriz&ey population
interactiontermsof a predator/preygystemusingAmoebaproteusandParameciuntaudatum.
Theseparametersvill beusedin futureresearclprojectsto predictthe effectsof spatial
configurationon the persistencéime of both predatorandprey. Experimenton patch
colonization,chanceof extinction,andfunctionalresponsef the predatothavebeencompleted
Analysesusingmaximum-likelihoodestimation(MLE) in R wereusedto obtainparameter$or
apredator/preynodel. The parametergbtainedwerethe percapitagrowthrateof Paramecium
r=0.217+0.011attackrateof Amoebaa'=0.012+0.013andhandlingtime, Th=0.606+0.289.
We expectlongerpredatompersistencéimesandgreatevariability amongspatialconfigurations

dueto thegeneralistliet of our predator.
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INTRODUCTION

One of the major human impacts in ecosystems is habitat fragmentation. Ecological
communities are being fragmented into smaller patches by the allocation of land to agricultural
and urban development (Didham 2010). Spatial structure can promote heterogeneity by dividing
communities into patches loosely connected by the dispersal of organisms (Fig. 1). Under these
conditions, a large population of organisms is divided into a group of smaller populations,
forming a metapopulation. Local extinction events can occur in individual habitat patches, but
recolonization from populated patches results in long term species persistence across the
metapopulation. Thus, spatial heterogeneity can prevent species from going extinct, buffering

against the effects of habitat loss on community structure (Gonzalez & Chaneton 2002).

A B

Fig 1. Landscapes with (A) high and (B) low degrees of connectivity. A connected
structure generally has higher levels of functions than a fragmented one (Federal
Interagency Stream Restoration Working Group).



One of the many ways to study the effects of habitat fragmentation is through protist
microcosms. Microcosm experiments using protists are widely used to investigate general
concepts in population biology, community ecology, and evolutionary biology (Altermatt et al.,
2015). Microcosms are not intended to mimic the behavior of any particular natural system but
rather complement studies of natural systems by allowing experiments that would be difficult or
impossible to conduct in the field (Fox, 2007). A typical protist microcosm contains bacteria as
the primary producers and different species of protists as the consumers. The relationships
among the protists in microcosms have been well studied and the trophic interactions between
protists have been determined (Warren et al., 2003, Fig. 2). Protists are useful model organisms
because they possess rapid generation times, are large enough to count under standard
magnification, and at the same time they are small enough to grow and manipulate in large

numbers (Holyoak and Lawler, 2005).

Amoeba proteus
Blepharisma Euplotes
Jjaponicum patella
j v \
Paramecium Colpidium Tetrahymena
caudatum striatum pvriformis

l

bacteria

Fig 2. An example of feeding relationships in an experimental
microcosm. Bacteria are the basal food resource in this and many
other similar microcosms. Figure reproduced from Warren et al. 2003.



Most microcosm studies of habitat fragmentation have focused on predator/prey
interactions, and these have focused on the selective feeding of flagellates and ciliates that tend

to be specialist predators.

However, amoebae are much less studied despite the fact that they also constitute an
important component of freshwater ecosystems (Xinyao et al., 2006). Amoebas are generalist
predators and are affected by interactions with other species, as they sustain a high abundance in
interacting communities and are less successful in non-interacting ones where there is only a
single species as a food source (Holt et al., 2002). Due to their difference in foraging strategies
compared to a specialist predator, studying the interactions of a generalist predator/prey system
IS an interesting matter of study. Studies suggest a generalist diet allows these organisms to
maintain high abundances (Petchey, 2000). However, more studies are needed. Here, we
examine the effect of different spatial configurations on a predator/prey system using a generalist
predator. Unlike specialist predators, generalists are expected to be over-represented in
fragmented habitats and have longer persistence times, meaning that understanding their
dynamics is important. In microcosm studies, amoeba act as predators to bacteria and to other

protist species, like Paramecium.

Fig 3. Paramecium caudatum Fig 4. Amoeba proteus
(400X). (400X).



The objective of this project is to parameterize key population interaction terms of a
predator/prey system using Amoeba proteus (predator, Fig.4) and Paramecium caudatum (prey,
Fig. 3). These parameters will be used in future research projects to predict the effects of spatial

configuration on the persistence time of both predator and prey.



METHODS
Medium preparation

The medium was prepared by mixing 1400 ml deionized water with 1 Protozoan Pellet
(Carolina Biological Supply Company, Burlington, NC) and 0.14 g reptile vitamins. After
sterilization in an autoclave, the medium was inoculated with three bacteria species (Bacillus

subtilis, Bacillus cereus, and Serratia marcescens) previously subcultured in laboratory.
Predator and prey growth

Four 175 ml Nalgene bottles were filled each with 40 ml of medium. One wheat seed was
added to each bottle. One ml of Paramecium stock was added to each bottle. These bottles were
sampled for three times a week for 20 days. After this, 1 ml of Amoeba stock was added and the

bottles were sampled for three times a week for 30 additional days.
Predator functional response

A stock culture of Paramecium caudatum was used to make dilutions of 10, 20, 30, 40,
50 and 100% and 1mL of each dilution was placed into the wells of 24-well plates, making a
total of three replicates for each dilution. Twenty Amoeba proteus were added to one well of
each concentration. The remaining wells of each concentration were controls that received no
predators. After three hours, Amoeba proteus was censured in the entire 1 mL of predation

treatments. Each well was sampled twice and Paramecium were counted in each sample.
Predator and prey colonization

Arrays were made by connecting two 175 ml Nalgene bottles with a tube of varying

length. The different tube lengths were 7, 13.5, and 20 cm. Four replicates of each tube length



were assembled. 40 ml of medium and one wheat seed were added to all bottles. One ml of
Paramecium stock was added to only one side of each array. All bottles in the arrays were
sampled for three times a week for 20 days. After this, 1 ml of Amoeba stock was added to only

one side of the arrays and the bottles were sampled for three times a week for 30 additional days.
Sampling

Sampling for all experiments consisted of extracting 10 drops of 20 uL onto a pre-
weighed petri dish. Then, the weight of the drops was recorded. The petri dishes were placed

under the microscope and preys and predators were counted in every drop.

Data analyses

Prey growth

Counts of individuals were used to calculate the concentration (measured in
individuals/mL) and abundance of individuals on each bottle for every sampling date. Analyses
using Maximum Likelihood Estimation (MLE) on R were performed using an exponential
growth model and a logistic growth model. These analyses were done in order to obtain

parameters r (per capita growth rate) and K (carrying capacity).

Predator functional response

Counts of Paramecium were used to calculate the concentration before and after three
hours. The consumption rate was calculated according to Holyoak et al., 2000:

Ca — Ppca

Epcd = =
3chd



Where:

end= Consumption rate for each well (b) at concentration d (in units of prey per predator per

hour).

Cq= Mean of the final prey concentration for controls at each concentration, where d is the

concentration.
Po=a= Final prey density in well b at concentration d.

Yoea= Geometric mean of the initial and final number of predators in well b with concentration

d.

Analyses using Maximum Likelihood Estimation (MLE) in the software platform R (R Code

Team) were performed to estimate the parameters of Holling’s Type Il equation:

_ a NT
© 1+d'TN

Where:

Pc=Prey consumed per predator
a’= attack rate

Th=handling time

T=total time

N=Prey density



These analyses were done in order to obtain parameters that quantify the strength of

consumption of Amoeba on Paramecium.

Prey dispersal

Counts of individuals were used to calculate the concentration (measured in
individuals/mL) and abundance of individuals on each set of bottles for every sampling date.
Analyses using Maximum Likelihood Estimation (MLE) on R were performed to obtain

dispersal rate parameters for each dispersal treatment.



RESULTS

Prey growth

Growth of Paramecium caudatum
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Fig 5. Growth of Paramecium caudatum as a function of time (days). Results
show mean density from 4 replicates + Standard Error.
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Fig 6. Per capita growth rate of Paramecium caudatum. Model fitting was
done following exponential growth. Blue triangles show growth rates
obtained from experimental data and the red line indicates the estimated per
capita growth rate from the model + Standard Error, r= 0.217+0.011.



Fig. 5 shows the growth of P. caudatum over the course of the experiment (20 days). The
MLE analysis originally included both exponential and logistic growth. However, fitting with the
logistic model did not produce realistic parameters so the final graph depicts the per capita
growth rate using exponential growth (Fig. 6). The value for the per capita growth rate obtained

from MLE estimations was r=0.217+0.011.

Predator Functional Response
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Fig 7. Results of the predator functional response experiments. Blue dots
show experimental consumption rates and the red line indicates the
estimations from the model + Standard Error, a'= 0.012+0.013, Th =

0.606+0.289.

Fig. 7 shows the results from the predator functional response experiments. Fitting was
done following Holling’s Type Il equation and the MLE estimates obtained for attack rate and

handling time were 0.012+0.013, 0.606+0.289, respectively.
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Prey Dispersal
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Fig 8. Density of Paramecium caudatum A) Before adding predators and B) After adding
predators for 2-patch arrays with three different distances between patches (7, 13.5, and
20 cm). Results show the mean density obtained from 4 replicates + Standard Error.
Legend: Blue: Side A, Red: Side B.

Fig. 8 shows the population curves for P. caudatum for each dispersal treatment. Since
these experiments were performed using a 2-patch system, the blue lines represent the side where
organisms where added and red lines represent the other side of the array. The three top graphs
show the population densities before adding A. proteus monitored over the course of 20 days.
The three graphs below are the same population curves after the addition of predators, and these
populations were followed for 30 days. The MLE estimates of dispersal rate were 0.123+0.028,

0.089+0.011, and 0.258+0.067 , respectively.
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DISCUSSION

We have obtained several parameters for the final model. Most of these parameters
involve the dynamics of the prey, P. caudatum. Additionally, we have obtained information

about the nature of Paramecium growth and its relationship with the predator, A. proteus.

The estimations for the growth of P. caudatum were tested using exponential and logistic
growth. Ultimately, the per capita growth rate for P. caudatum was obtained following an
exponential model, since the experiments were performed over a short period of time and the
growth curve did not show a plateau (Fig. 5), meaning that by the time the experiment ended, the
Paramecium population was still in exponential phase. Further experiments that monitor
Paramecium populations for longer times are needed in order to obtain better parameters for the
model such as growth rate and carrying capacity. Fig. 6 shows the per capita growth rate of
Paramecium as a function of density. The data points show that at lower Paramecium densities
the growth rate is higher and at high densities the growth rate is lower, which confirms dynamics

that would follow the logistic model.

For the functional response experiment, we observe that as the prey density increases, the
consumption rate increases as well, reaching a saturation point (Fig. 7). This follows Holling’s
Type 11 functional response curve, which was expected. However, we see a lot of variability in
the data. Additional replicates are needed in order to obtain more data points to make our MLE

analyses more accurate.

Figure 8 shows the density of Paramecium populations as a function of time. Here, we
see that before adding predators, all the populations show a growing trend. However, once

predators are added, the population curves show cycling and almost extinction in some arrays.

12



This confirms that there is an effect of A. proteus on the dynamics of Paramecium. Due to the
generalist nature of the predator, we would expect the bacterial populations in the arrays to show
cycling. However, for these experiments we did not analyze bacterial data. Additional
experiments that take into account both Paramecium and bacteria will provide a better picture of

the effect of Amoeba on its prey.

Further work will include analyses for the predator population dynamics, growth,
extinction, and patch colonization. Once the model is parameterized we will choose spatial
configurations based on previous studies (Holyoak, 2000) that used a specialist predator, such as
Didinium (Fig. 9). The computer model will make predictions about predator and prey
persistence in these configurations based on the parameters obtained. At the same time, physical
arrays of these configurations will be built and cultured in laboratory settings, in which predator
and prey will be counted using the same sampling techniques mentioned above. Finally, the
model predictions will be compared with the experimental microcosms and we will determine
the accuracy of our estimations. For the evaluation of the system over different spatial
configurations, we expect longer predator persistence times and greater variability among spatial

configurations due to the generalist diet of our predator.

In summary, protist microcosm experiments represent an inexpensive and straightforward
approach to understand the effects spatial configurations in predator/prey persistence.
Furthermore, this project will also contribute to aid in the studies of population dynamics of

natural protist communities that are currently being isolated and cultured in laboratory settings.
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Didinium/Colpidium model. Bars show mean predator
persistence time. Image extracted from Holyoak et al., 2000.

14




REFERENCES

Altermatt, F., Fronhofer, E. A., Garnier, A., Giometto, A., Hammes, F., Klecka, J.,
Legrand, D., Machler, E., Massie, T. M., Pennekamp, F., Plebani, M., Pontarp, M., Schtickzelle,
N., Thuillier, V., Petchey, O. L. 2015. Big answers from small worlds: a user's guide for protist
microcosms as a model system in ecology and evolution. Methods in Ecology and Evolution, 6:

218-231.

Didham, R. K. 2010. Ecological Consequences of Habitat Fragmentation. eLS-Wiley

Essential for Life Science. URL http://www.els.net/.

FISRWG. 1998. Stream Corridor Restoration: Principles, Processes, and Practices. By
the Federal Interagency Stream Restoration Working Group (FISRWG)(15 Federal agencies of

the US gov't). GPO Item No. 0120-A; SuDocs No. A 57.6/2:EN 3/PT.653. ISBN-0-934213-59-3.

Fox, J. 2007. Testing the Mechanisms by Which Source-Sink Dynamics Alter

Competitive Outcomes in a Model System. The American Naturalist 170:3, 396-408.

Gonzalez, A. & Chaneton, E. J. 2002. Heterotroph species extinction, abundance and
biomass dynamics in an experimentally fragmented microecosystem. Journal of Animal Ecology

71, 594-602.

Holt, A. R., Warren, P. H. and Gaston, K. J. 2002. The importance of biotic interactions

in abundance—occupancy relationships. Journal of Animal Ecology, 71: 846-854.

Holyoak, M. 2000. Habitat Patch Arrangement and Metapopulation Persistence of

Predators and Prey. The American Naturalist, 156(4), 378-389.

15



Holyoak, M., Lawler, S. P., and Crowley, P. H. 2000. Predicting Extinction: Progress

with an individual-based model of protozoan predators and prey. Ecology, 8(12): 3312-3329.

Petchey, O. L. 2000. Prey diversity, prey composition, and predator population dynamics

in experimental microcosms. Journal of Animal Ecology, 69: 874-882.

R Core Team. 2013. R: A language and environment for statistical computing. R

Foundation for Statistical Computing, Vienna, Austria. URL http://www.R-project.org/.

Warren, P.H., Law, R. and Weatherby, A.J. 2003. Mapping the assembly of protest

communities in microcosms. Ecology, 84 (4):1001-1011.

Xinyao, Liu, Shi Miao, Liao Yonghong, Gao Yin, Zhang Zhongkai, Wen Donghui, Wu
Weizhong, and An Chencai. 2006. Feeding Characteristics of an Amoeba (lobosea: Naegleria)
Grazing Upon Cyanobacteria: Food Selection, Ingestion and Digestion Progress. Microbial

Ecology 51 (3).

16



	mcguire_rosa_title
	Abstract
	Acknowledgments


	Mcguire_Rosa_capstone

	First Name Last Name: Rosa M. McGuire
	TITLE: ASSESSING THE DYNAMICS OF A GENERALIST PREDATOR/PREY MODEL 
	TITLE - line 2 if needed: ACROSS DIFFERENT SPATIAL CONFIGURATIONS
	TITLE - line 3 if needed: 
	Date: February 22, 2018
	Faculty-Mentor Department: Evolution, Ecology, and Organismal Biology
	Faculty-Mentor First Name Last Name: Kurt E. Anderson
	Text1: Habitat destruction and fragmentation are major human impacts. Microcosm experiments have 

shown that habitat fragmentation can alter the persistence and population densities of members 

of a community. Spatial heterogeneity allows recolonization from other patches resulting in 

long-term species persistence, preventing species from going extinct. Much of our understanding 

of these processes have come from protist microcosm studies. However, most microcosm 

studies of habitat fragmentation have focused on predator/prey interactions that include 

specialist predators. Here, we use protist microcosms to study the persistence of a predator/prey 

system using Amoeba proteus, a generalist predator, and Paramecium caudatum as prey. Unlike 

specialist predators, generalists are expected to be over represented in fragmented habitats and 

have longer persistence times, meaning that understanding their dynamics is important. This 

study aims to understand and predict the ecological impacts of habitat fragmentation, a major 

concern in conservation biology. The objective of this project is to parameterize key population 

interaction terms of a predator/prey system using Amoeba proteus and Paramecium caudatum. 

These parameters will be used in future research projects to predict the effects of spatial 

configuration on the persistence time of both predator and prey. Experiments on patch 

colonization, chance of extinction, and functional response of the predator have been completed. 

Analyses using maximum-likelihood estimation (MLE) in R were used to obtain parameters for 

a predator/prey model. The parameters obtained were the per capita growth rate of Paramecium, 

r=0.217±0.011, attack rate of Amoeba, a'=0.012±0.013, and handling time, Th= 0.606±0.289. 

We expect longer predator persistence times and greater variability among spatial configurations 

due to the generalist diet of our predator.

	Text2: First and foremost, I have to thank my faculty mentor, Dr. Kurt E. Anderson. Without his 

guidance and dedicated involvement throughout this process, this project would have never been 

accomplished. I would like to thank you very much for your support and fostering my passion 

for research over these past three years. I would also like to thank all the members of the 

Anderson Lab, it has been a pleasure to be part of such a dynamic and enthusiastic group. 


I would also like to thank all other people and university programs who have served as mentors 

and provided guidance throughout my undergraduate career. Thanks to Dr. Richard Cardullo, 

Maria Franco-Gallardo, the STEM Connections Program, and the California Alliance for 

Minority Participation. It has been an inspiring journey and I hope to someday encourage others 

to pursue research as their career path. Most importantly, none of this could have happened 

without my family. I would like to thank my grandmother and my beloved husband for their 

encouragement and love. 


Finally, I would like to thank the University of California, Riverside Undergraduate Education 

(Student mini-grants), the University of California Office of the President (UC LEADS 

Fellowship), and the California Alliance for Minority Participation (CAMP) for funding this 

research.

	Acknowledgements: Introduction……………………………………………………………………………..…………1
 
Methods………………………………………………………………………………………........5
 
Results…………………………………………………………………………………………..…9
 
Discussion………………………………………………………………………………………..12
 
References………………………………………………………………………………………..15
 
 
 


