TEACHING CONCEPTS IN ECOLOGICAL RESTORATION

Using Problem-based Learning to Teach

Concepts for Ecological Restoration
Valentin Schaefer and Emily Gonzales

ABSTRACT

The uncertainty that characterizes ecological restoration presents a challenge for both instructors and practitioners. There
are uncertainties arising from unknown synergistic effects between organisms and their environment. There are more
uncertainties due to insufficient data about the physical and biological features of an area and how it became degraded.
These complexities are compounded by multiple perspectives involved in establishing appropriate restoration targets,
identifying relevant reference ecosystems, and exploring potential novel ecosystems. In contrast to one-way knowledge
dissemination common in most university settings, problem-based learning allows students to develop technical and
problem-solving skills that we believe provide a valuable approach to working with the uncertainties and complexities
inherent in ecological restoration. Problem-based learning promotes a better understanding of problems and teaches
students to find their own solutions to restoring degraded environments and to expect uncertainty. We can also use
problem-based learning to clarify the meaning and application of adaptive management as a process to reduce uncertainty.
The three case studies we present to illustrate our point and the ecological concepts relevant to ecological restoration
they represent are: 1) reductions in biodiversity on gulf islands; prey suppression, trophic cascades; 2) nitrogen fertil-
izer impacts on moles; prey switching, peripheral populations, invasive species, novel ecosystems; and 3) interspecific
competition between squirrels; commensalism, niche width.
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Problem—based learning (PBL) is
an instructional method in which
students learn both content and think-
ing strategies through facilitated prob-
lem-solving exercises (Barrows 1996).
There is evidence that PBL results in
greater learning than traditional lec-
tures (Wells et al. 2009, Barrett 2010).
PBL originated in medical education
and has been effective in training
physicians for decades (Albanese and
Mitchell 1993). Conceptually, restor-
ing natural systems is similar to healing
the human body with its complexities,
synergisms, and thresholds (Schaefer
2000). In fact, restoring nature has
been referred to as “helping the land
heal” (BC Environmental Network
1999). We propose that the similari-
ties between restoration ecology and
medicine (Schaefer 2006) make PBL
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an effective approach to teaching res-
toration ecology as well.

The increased success of students
involved in PBL is based on the abil-
ity of PBL to activate prior knowledge
more effectively and to establish a con-
text that resembles real-world situa-
tions (Jones 1996). PBL also supports
and enhances student information
gathering skills and retention through
implementation of basic and clinical
sciences, where student knowledge,
interests, and motivation are increased
(Finucane et al. 1998). In a review
of the literature on problem-based
learning Norman and Schmidt (1992)
conclude that the technique does not
improve skills in general, content-free
situations. However, there is evidence
that suggests that PBL enhances the
transfer of concepts to new problems.
It also fosters a better integration of
basic science concepts into applied
problems and clinical problems in the
case of research. These lateral thinking
skills of transferring concepts to new
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problems are important for students
of ecological restoration to learn. They
also result in students who are more
scientifically literate and understand
overarching core concepts such as sys-
tems, structure and function, path-
ways and transformation of energy and
matter, evolution, and information
flow and exchange (AAAS 2011).
Ecological restoration involves rein-
troducing elements lost in disturbed
ecosystems and setting in motion the
negative feedback loops such as pred-
ator-prey relationships that maintain
ecosystem resilience (van Andel and
Aronson 2012). Species and processes
interact in complex ways that can be
difficult to predict. This complexity
is overlooked by some practitioners
who apply general approaches with-
out considering underlying causes of
ecosystem degradation or testing areas
of uncertainty to improve understand-
ing (Frissell and Nawa 1992). Other
practitioners may become paralyzed
by uncertainty (Cranor 2001, Ascher



2004). The inaction from uncertainty
can interfere with timely interventions
necessary for ecological restoration.

Although often misinterpreted to
mean ad hoc trial and error, adaptive
management is, in fact, a structured,
iterative process that can reduce uncer-
tainty over time through the use of
experimental (management) trials
and monitoring (Williams 2011).
The feedback between learning and
decision-making is a defining feature
of adaptive management. Restora-
tion activities contribute to learning
through interventions that inform
ecological processes and the impacts
of management. Restoration activi-
ties can be viewed as experimental
“treatments” that are implemented
according to a management design,
with the resultant learning seen as a
means to an end, namely effective
management, and not an end in itself
(Walters 1997).

Problem-based learning presents an
opportunity to clarify the term “adap-
tive management” for future restora-
tion practitioners through their appli-
cation of structured problem-solving
to ecological problems. By research-
ing and identifying the uncertain-
ties inherent in the PBL problems as
hypotheses, students can more clearly
envision the adaptive management
trials that will reduce uncertainty.

Problem-based Learning
for Ecological Restoration

There are multiple perspectives in set-
ting appropriate restoration targets,
identifying reference ecosystems, and
determining potential novel ecosys-
tems. These multiple perspectives
combined with uncertainties in our
knowledge of natural ecosystems make
teaching ecological restoration a chal-
lenge. We were motivated to use prob-
lem-based learning as one approach to
address this challenge. We developed
case studies that would illustrate the
complexities inherent in understand-
ing ecological relationships and appro-
priate restoration actions. Students
studying ecological restoration come

from a variety of backgrounds and
we were looking for a direct, effective
way to teach the subject to a broad
audience.

Students also sometimes tended to
propose simplistic restoration targets.
They would focus on the superficial
aspects of a problem and overlook
underlying principles. For example,
students may assume that all you
need for a restoration target was the
appropriate reference ecosystem or
to determine the climax community
for an area from terrestrial ecosystem
mapping. However, neither approach
provides appropriate restoration tar-
gets in certain situations, especially
in permanently altered conditions as
found in cities. The problem-solving
skills needed to promote a better
understanding of a particular situation
and to solve open-ended real-world
problems can be developed through
the discussion-oriented learning envi-
ronment of problem-based learning
(Singer and Bonvillian 2013).

One of the best practices in edu-
cation that fosters a better under-
standing of material is using Back-
ward Design (Wiggins and McTighe
2005). The idea is to start with an
outcome, what we want the student
to achieve, and work backwards. This
flips the traditional curriculum devel-
opment process and works well for
teaching ecological restoration. With
ecological restoration, the outcome
is to engage with the complexity of
the natural world and the case study
in which problem-based learning is
used becomes the final third stage of
Backward Design, the instructional
activity. The first two stages of Back-
ward Design would be to clearly artic-
ulate learning goals and to identify
how assessment demonstrates student
knowledge/skills.

We presented one or more of the
three case studies described in this arti-
cle to three classes in the Restoration
of Natural Systems (RNS) Diploma
Program and the Native Species and
Natural Processes (NSNP) Certificate
programs at the University of Victo-
ria, British Columbia. RNS Diploma
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courses are at the 3rd and 4th year
undergraduate level and can be applied
to a BSc but the Diploma is also taken
by people with degrees to improve
their applied skills. The NSNP Cer-
tificate has a prerequisite of a BSc and
is usually taken by practitioners for
professional development.

For each problem we provided the
students with: 1) the observation
that was the problem to be solved;
2) a handout with background and
supplementary information; and
3) some primary references. Students
were encouraged to conduct further
research using Google Scholar. Stu-
dents were first asked to develop at
least one hypothesis to explain the
mechanism behind the observation.
Given their understanding of the situ-
ation, students then deliberated on a
proposal for a potential solution to
restore the disturbed ecosystem. They
worked in the classroom in groups of
3—4 for one hour to explore possible
scenarios. The class then reconvened
as a whole to discuss the results of
the group work. Students were not
evaluated at the time of the exercise.
Instead, they were required to write
a major essay on their final exam
that involved evaluating their skill
in integrating science concepts into
an applied problem, and a significant
component of their major course
project involved articulating and
addressing uncertainty in a restoration
project.

In this article, in addition to
describing the student activities, we
also provide some ecological principles
illustrated by the problem that we as
instructors used for discussion at the
end of the problem-solving process.

Problem 1: What
happened to the
birds in paradise?

For students

Observation: Islands and islets in the
Salish Sea archipelago are experienc-
ing a loss of avian biodiversity, even

though they are federally protected.
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Background: The Salish Sea archipel-
ago, spanning the BC, Canada-Wash-
ington, USA border, is a mix of pri-
vate and protected lands. It contains
beautiful islands with high ecological
integrity and rare ecosystems. First
Nations used some islands for seasonal
camps and camas harvest (MacDou-
gall et al. 2004). The biggest islands,
such as the Southern Gulf islands in
Canada and the San Juan Islands in
the United States, suffer the greatest
human impacts because they had trees
large and straight enough for logging,
soils deep enough for agriculture, or
meadows large enough for grazing.
In 2003, Gulf Islands National Park
Reserve became the 39th park in the
Canadian national park system. The
lands for the national park were pre-
viously provincial parks, ecological
reserves, and private land.

The islands of the national park vary
in plant composition. Some are domi-
nated by invasive grasses and others
have a simplified forest structure. The
smallest islands retain some of the
highest proportions of native species,
although overall they have fewer spe-
cies than large islands. It is likely that
the abundance of native species has
been declining for some time; how-
ever, declines have been noticeable in
the past two decades.

Questions to consider: What may be
the impact of invasive plant species on
bird populations and how can mobile
species moving in and out of protected
areas have an impact on avian bio-
diversity in the protected areas and
habitat degradation of winter ranges
for migratory species?

Supplementary information.:

1. Bigger isn’t better? Island biogeogra-
phy predicts that large islands close to
the mainland will have more native
species than small isolated islands.
However, within the Southern Gulf
Islands, the small, isolated islands
have the greatest abundance of native
species.
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2. Where did all the flowers go? One
reason for the species-area relation-
ship is the greater diversity of plants
and habitat for wildlife on larger
islands. Yet there are some moder-
ately sized islands where forest struc-
ture is simplified (a lack of under-
story) and invasive grasses predomi-
nate in non-forested areas. Songbird
diversity is also lower on these islands.

For Instructors

Martin et al. (2011) found that the
density of alien fallow deer (Dama
dama) or native black-tailed deer
(Odocoileus hemionus columbianus)
was associated with the loss of habitat
for songbirds on islands in the Salish
Sea. As deer densities increased, forest
structure became simplified. In partic-
ular, forest understory was lost creat-
ing a visible “browse line”. Increasing
simplification in a landscape is cor-
related with reduced species richness
(Gagné and Fahrig, 2011, Wingvist et.
al. 2011, Jones et al. 2012, Shimelis
etal. 2013).

In the past three decades rising deer
populations have had negative impacts
on ecosystems, economics, and human
health (Cété et al. 2004). Under
optimal conditions, deer populations
double every two years (Alverson et
al. 1988). With the loss of top car-
nivores in most of southern Canada,
hunters are the primary agents that
reduce deer populations (Brown et al.
2000). Suburban and protected areas
are refuges from hunting, resulting in
deer densities that exceed ecological
carrying capacity (Rooney and Waller
2003). In some eastern North America
parks, hyperabundant deer caused the
disappearance of over half of all plant
species, plus birds and other species
that relied on those plants in just a few
decades (Rooney and Waller 2003).
Similarly, deer have extirpated native
plants and facilitated the invasion of
alien grasses in the west coast’s endan-
gered Garry oak ecosystems (Gonza-
les and Arcese 2008, Gonzales and
Clements 2010).

The average deer eats nearly 500
kg of vegetation annually (Verme and
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Ullrey 1984). Deer have a diverse diet
and consume a wide variety of plants.
However, they have favourite foods
they eat first. In Garry oak ecosystems,
deer favour certain wildflowers and
avoid alien annual grasses (Gonzales
2008). This selective herbivory can
create the “illusion” that annual grasses
are outcompeting native plants when
the shift toward grasses is instead the
result of the indirect effects of her-
bivory. This example underscores the
importance of testing hypotheses to
understand the causes, and not just the
symptoms, of declining biodiversity.

Restoration Concepts

Prey Suppression. Damage on a vul-
nerable prey species can occur where
predator populations are bolstered by
alternate prey in high abundance. If
one prey species is abundant it can
maintain a continuously high predator
density. The abundant predator might
eliminate a second prey species. For
example, caribou declined in the late
1930’s and 1940’s in BC after moose
(Alces alces) expanded their range and
wolves (Canis lupus) increased with
this increasing prey source (Bergerud
and Elliot 1986). Wolves can survive
without caribou, but moose maintain
wolf populations higher than caribou
populations can tolerate. A similar
phenomenon occurs with plants. In
our example, deer do not need wild-
flowers to survive because they eat a
variety of other plants and are pro-
tected from hunting in the park. The
seasonal wildflowers, however, are a
favourite prey for deer and suffer when
deer densities are high.

Trophic Cascades. A trophic cascade
is typically triggered by the addition
or removal of species at upper tro-
phic levels that result in descend-
ing changes in populations at lower
trophic levels. Trophic cascades due
to hyperabundant deer have been
observed in a number of other pro-
tected areas (Martin et al. 2011).
Other species at higher, lower and
equivalent trophic levels may also
potentially be affected by increased
deer populations. In Gwaii Haanas



National Park Reserve, the diversity
of songbirds (Allombert et al. 2005a)
and invertebrates (Allombert et al.,
2005b) declined as a result of intro-
duced black-tailed deer. Black bears on
Parc National d’Anticosti (Coté 2005)
were extirpated by the indirect effects
of deer browsing; bears were unable to
secure enough food for hibernation.

Problem 2: Why would
fertilizing a pasture
reduce mole populations?

For Students

Observation: Nitrogen fertilizer
reduces digging activity of moles.

Background: In Greater Vancouver,
the pastures used by dairy cattle are
excellent habitat for the native coast
moles. They are entirely fossorial and
Glendenning (1959) determined
that 93% of their diet is comprised
of earthworms (Lumbricus terrestris).
Coast moles excavate tunnel networks
and produce molehills in the process.
The hills reduce the amount of feed
available for livestock. The earth dulls
the blades of harvesting equipment,
adding to maintenance costs for farm-
ers. Collapsed tunnels are a hazard
to livestock. There are few methods
available to control moles. Trapping
is time-consuming and largely inef-
fective. Folklore suggests putting
mothballs in the tunnels or burying
bottles and is not effective. Although
cats occasionally catch them, moles
have no natural predators.

European moles (Zalpa europaea)
are similar in size to coast moles with
a diet of 100% earthworms. They are
pests for the same reasons as coast
moles. Ennik (1967) noted that Euro-
pean moles declined in fields treated
with nitrogen fertilizer. Although
the mechanism was not understood,
nitrogen fertilizer was recommended
as a treatment to control moles in
Europe.

Questions to consider: How might
nitrogen fertilizer affect the population

numbers of a small mammal and how
can agriculture be incorporated into
ecological restoration plans?

Supplementary information:

1. The coast mole has the wrong smile.
Despite almost identical diets, the
dentition of coast moles and Euro-
pean moles differ dramatically
(Schaefer 1984). Coast mole teeth
are typical of other insectivores like
shrews that primarily eat adult insects
and their larvae. European moles have
dentition typical of carnivores.

2.'The endangered Townsend’s mole
(Scapanus townsendii) is one of the
rarest mammals in Canada. It occurs
within a 20 km? range on the Can-
ada-US border, about 100 km east
of Vancouver. Its teeth and diet are
similar to that of the coast mole.
Townsend’s moles are abundant in
the United States where they are
considered a pest.

For Instructors
Schaefer and Sadleir (1981) hypoth-

esized that nitrogen fertilizer indi-
rectly reduced the digging activity
of moles by reducing the abundance
of their primary food source, earth-
worms. Mole activity (measured as
the number of hills) was significantly
positively correlated with earthworm
biomass (Schaefer 1979). Nitrogen
fertilizer lowered the pH of the soil
and the increased acidity significantly
reduced earthworm biomass (Schaefer

and Sadleir 1981).

Restoration Concepts

Prey Switching. Ecosystems change
over historical time creating condi-
tions that are different trophically and
abiotically than the imagined reference
ecosystem. Lumbricus terrestris is an
alien invasive species brought to North
America in the late 1700s in the earth
ballasts of ships from Europe (Eisen-
hauer et al. 2007). It spread with agri-
culture and spread west where native
earthworms were rare (Bohlen et al.
2004). With earthworms now abun-
dant, moles switched from their insect
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diet. The nitrogen fertilizer increased
soil acidity reducing earthworm bio-
mass. Therefore, reducing prey abun-
dance controlled predator abundance.

Peripheral Populations. Although
Townsend’s moles are not threatened
globally, the Canadian population is
endangered. Abundant in the USA,
some Canadian species at risk are pro-
tected in Canada because these popu-
lations are at the northern-most end
of their geographic range. Gene pools
of these peripheral populations may
be more heterogeneous than popula-
tions at the core of a range (Lesica
and Allendorf 1995). This heteroge-
neity could provide resilience to the
species in light of climate change,
threats from invasive species, and
other disturbances.

Invasive Species and Novel Ecosys-
tems. Alien invasive earthworms have
created novel ecosystems (Frelich et al.
2006). Since their introduction, the
duff layer in eastern forests has been
reduced and woodland wildflowers
and amphibians have lost their pre-
ferred habitat (Bohlen et al. 2004).
Townsend’s moles have prospered
in a novel ecosystem with a habitat
of pastureland and new diet of alien
earthworms (Pedersen 1963). Prior to
European contact the pastureland was
a forest of western redcedar (7huja pli-
cata) and western hemlock (Zsuga het-
erophylla) or floodplain forests of black
cottonwood (Populus trichocarpa) and
trembling aspen (2 tremuloides).

Problem 3: A tale of
two squirrels in BC: Are
alien squirrels displacing
native squirrels?

For students

Observation: Alien eastern gray squir-
rels (Sciurus carolinensis) have flour-
ished and spread throughout Greater
Vancouver, British Columbia.

Background: In 1909, a small number

of eastern gray squirrels were trans-
ported from New York to Vancouver’s
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Stanley Park (Gonzales 1999). The
squirrels remained within Stanley Park
until the 1970’s. As eastern gray squir-
rels became a nuisance in residential
properties neighbouring Stanley Park,
they were relocated around Greater
Vancouver (Gonzales 2000). They
then became the most common and
widespread squirrel in the region.
There are two native squirrels, north-
ern flying squirrel (Glaucomys sabri-
nus), which are rarely seen, and Doug-
las squirrel (Zamiascirus douglasii),
which are locally common.

Questions to consider: How can urban-
ization differentially affect the food
supplies of birds and mammals and
how can competitive exclusion be
distinguished from habitat impacts?

Supplementary information.:

1. Pick on someone your own size.
Douglas squirrels prefer conifer forest
(Carey 1991) whereas ecastern gray
squirrels prefer deciduous trees (Riege
1991). Douglas squirrels are territorial
and build middens from the discards
of their conifer cones. Tree recruit-
ment in middens is rare (Goheen and
Swihart 2003). In contrast, eastern
gray squirrels “scatter hoard”. They
bury nuts and then locate them again
by smell. They maintain a home range
but are not as territorial. Despite their
smaller size, Douglas squirrels often
chase eastern gray squirrels off their
territories.

2. Tales of two squirrels elsewhere.
Douglas squirrels occur from the
west coast to the Cascade Mountains.
Red squirrels (Zamiascirus hudsoni-
cus) occupy a similar niche space as
Douglas squirrels in the rest of North
America. Niche segregation allows the
co-existence of red squirrels and east-
ern gray squitrels in Ontario, where
both species are native (Riege 1991).
In Indiana, red squirrels are expand-
ing their distribution and eastern gray
squirrels are declining (Goheen and
Swihart 2005). Due to decreased scat-
ter hoarding, large nut bearing trees
such as walnuts may decline with the
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loss of eastern gray squirrels (Goheen
and Swihart 2003).

For Instructors

Using data from wildlife shelters
about injured wildlife and land-use
maps, Gonzales et al. (2008) explored
whether the decline of native squir-
rels was related to eastern gray squir-
rels abundance or to urbanization. If
alien squirrels replace native squirrels
there should be a negative relation-
ship between the abundances of the
two squirrel species through time. If
habitat change caused the decline,
eastern gray squirrels should increase
with urbanization whereas Douglas
squirrels would decline.

The results supported the habitat
change hypothesis. If alien squirrels
were filling an “empty niche” in the
urban landscape, we would expect to
see a positive relationship between
eastern gray squirrels and urbaniza-
tion through time—and we do. In
contrast, native squirrels were nega-
tively correlated with the amount of
urbanization (Gonzales et al. 2008).
Further, the habitat change hypothesis
predicts that the two squirrel species
should co-exist as long as there is suf-
ficient preferred habitat for both spe-
cies. In fact, both squirrel species have
co-existed in their preferred habitats in
Stanley Park for over 100 years.

Restoration Concepts

Interspecific Competition. Interspe-
cific competition is when two dif-
ferent species complete for the same
resource. Exploitation competition is
when resources used by one species
are reduced and negatively affected by
another species. Interference compe-
tition is when one species physically
excludes another species from using a
particular resource (Davis 2003).
Commensalism. Urban wildlife can
have commensal relationships with
people. Urbanization displaces natural
habitats such as coniferous forests with
those dominated by deciduous trees.
The horticultural plant species, com-
post and garbage bins, and buildings
of cities provide food and habitat for
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certain wildlife, also known as human
commensal species. Squirrels do not
benefit or harm human populations.

Niche Width. A species has a physi-
cal and functional space it occupies in
an ecosystem. The fundamental niche
is the space a species can occupy if lim-
ited solely by its own biology. Compe-
tition from other species can occupy
some of the space of the fundamen-
tal niche. This reduced niche width
is called the realized niche. In this
example, Tamiasciurus spp. squirrels
and gray squirrels co-exist in Stanley
Park and Ontario, suggesting that they
have sufficient niche space under those
conditions.

Summary

Ecological restoration needs practi-
tioners that can manage and com-
municate the level of uncertainty in
our understanding of an ecosystem
and predicting the results of a res-
toration project. The practitioners
can then take steps to reduce uncer-
tainty through adaptive management
(Hilderbrand et al. 2005). To do so,
our approach to teaching ecologi-
cal restoration needs to encompass
methods such as problem-based learn-
ing whereby students grapple with
complexity and uncertainty.

It was a pleasant surprise to see how
quickly the students engaged with the
exercise and how animated they were
in their groups. They quickly set them-
selves to the task, exchanged ideas and
used the internet to bring new infor-
mation into their discussions. They
needed no prompting or help from
the instructor. The ideas the students
came up with were all on topic and
they generated valuable discussion in
the class.

References
Albanese, M. and S. Mitchell. 1993. Prob-

lem-based learning: A review of the
literature on its outcomes and imple-
mentation issues. Academic Medicine
68:52-81.

Alverson, W.S., D.M. Waller and S.L.
Solheim. 1988. Forests too deer:



Edge effects in northern Wisconsin.
Conservation Biology 2:348—458.

Allombert, S., A.J. Gaston and J.L.
Martin. 2005a. A natural experiment
on the impact of overabundant deer
on songbird populations. Biological
Conservation 126:1-13.

Allombert, S., A.J. Gaston and J.L.
Martin. 2005b. A natural experiment
on the impact of overabundant deer
on forest invertebrates. Conservation
Biology 19:1917-1929.

American Association for the Advance-
ment of Science (AAAS). 2011. Vision
and Change in Undergraduate Biol-
ogy Education: A Call to Action.
Washington, DC.

Ascher, W.L. 2004. Scientific information
and uncertainty: Challenges for the
use of science in policymaking. Science
and Engineering Ethics 10:437-455.

BC Environmental Network. 1999. Help-
ing the land heal: Ecological restora-
tion in British Columbia. Proceed-
ings from the 1998 conference in Vic-
toria (Egan, B. ed). Vancouver, BC.:
Environmental Network Educational
Foundation.

Barrett, Terry. 2010. “The problem-based
learning process as finding and being
in flow”. Innovations in Education and
Teaching International 47:165-174.

Barrows, H.S. 1996. Problem based learn-
ing in medicine and beyond: A brief
overview. New Directions for Teaching
and Learning 68:3—12.

Bergerud, A.T. and ].P. Elliott. 1986.
Dynamics of caribou and wolves in
northern British Columbia. Canadian
Journal of Zoology 64:1515-1529.

Bohlen, PJ., PM. Groffman, T.J. Fahey,
M.C. Fisk, E. Sudrez, D.M. Pelle-
tier and R.T. Fahey. 2004. Ecosys-
tem consequences of exotic earthworm
invasion of north temperate forests.
Ecosystems 7:1-12.

Carey, A.B. 1991. The biology of arbo-
real rodents in Douglas-fir forests. US
Department of Agriculture, Forest
Service, Pacific Northwest Research
Station. Portland, OR.

Coté, S.D. 2005. Extirpation of a large
black bear population by introduced
white-tailed deer. Conservation Biology
19:1668-1671.

Coté, S.D., T.2. Rooney, J.2. Trem-
blay, C. Dussault and D.M. Waller.
2004. Ecological impacts of deer
overabundance. Annual Review of
Ecology, Evolution, and Systematics
34:113-147.

Cranor, C.E 2001. Learning from the law
to address uncertainty in the precau-
tionary principle. Science and Engi-
neering Ethics 7:313-326.

Davis, M.A. 2003. Biotic globaliza-
tion: Does competition from intro-
duced species threaten biodiversity?
Bioscience 53:481-489.

Ennik, G.C. 1967. Mole activity in
relation to pasture management
and nitrogen fertilization. Nether-
lands Journal of Agricultural Science
15:221-228.

Eisenhauer, N., S. Partsch, D. Parkin-
son and S. Scheu. 2007. Invasion of
a deciduous forest by earthworms:
Changes in soil chemistry, micro-
flora, microarthropods, and vegeta-
tion. Soil Biology and Biochemistry
39:1099-1110.

Finucane, PM., S.M. Johnson and D.].
Prideaux. 1998. Problem based learn-
ing: Its rationale and efficacy. Medical
Journal of Australia 168:445-448.

Frelich, L.E., C.M. Hale, S. Scheu, A.R.
Holdsworth, L. Heneghan, PJ. Bohlen
and PB. Reich. 2006. Earthworm
invasion into previously earthworm-
free temperate and boreal forests.
Biological Invasions 8:1235-1245.

Frissell, C.A. and R.K. Nawa. 1992. Inci-
dence and causes of physical failure of
artificial habitat structures in streams
of western Oregon and Washington.
North American Journal of Fisheries
Management 12:182—197.

Gagné, S. and L. Fahrig. 2011. Do birds
and beetles show similar responses to
urbanization? Ecological Applications
21:2297-2312.

Glendenning, R. 1959. Biology and con-
trol of the coast mole, Scapanus orar-
ius in British Columbia. Canadian
Journal of Animal Science 39:345—44.

Goheen, J.R. and R.K. Swihart. 2003.
Food-hoarding behavior of gray squir-
rels and North American red squir-
rels in the central hardwoods region:
Implications for forest regenera-
tion. Canadian Journal of Zoology
81:1636-1639.

Goheen, J.R. and R.K. Swihart. 2005.
Resource selection and predation
of North American red squirrels in
deciduous forest fragments. Journal of
Mammalogy 86:22-28.

Gonzales, E.K. 1999. Gray squir-
rels in BC: An introduction to an
introduction. Discovery 28:22-25.

Gonzales, E.K. 2000. Distinguishing
between modes of dispersal by intro-
duced gray squirrels. M.Sc. thesis.

December 2013 ECOLOGICAL RESTORATION 31:4 ¢

University of Guelph, Guelph,
Ontario.

Gonzales, E.K. 2005. The distribu-
tion and habitat selection of intro-
duced gray squirrels, Sciurus carolin-
ensis, in British Columbia. Canadian
Field-Naturalist 119:343-350.

Gonzales, E.K. and P. Arcese. 2008. Her-
bivory more limiting than competi-
tion on early and established native
plants in an invaded meadow. Ecology
89:3282-3289.

Gonzales, E.K., Y.FE Wiersma, A.I. Maher
and T.N. Nudds. 2008. Positive rela-
tionship between non-native and
native squirrels in an urban land-
scape. Canadian Journal of Zoology
86:356-3063.

Gonzales, E.K. and D.R. Clements. 2010.
Plant community biomass shifts in
response to mowing and fencing in
invaded oak meadows with abun-
dant ungulates. Restoration Ecology
18:753-761.

Hilderbrand, R.H., A.C. Watts and A.M.
Randle. 2005. The myths of resto-
ration ecology. Ecology and Society
10:19.

Jones, D. 1996. The advantages of PBL.
edweb.sdsu.edu/clrit/learningtree/
PBL/PBLadvantages.html.

Jones, J.E., A.J. Kroll, J. Giovanini, S.D.
Duke, T.M. Ellis and M.G. Betts.
2012. Avian species richness in rela-
tion to intensive forest manage-
ment practices in early seral tree plan-
tations. PLoS ONE 7(8): €43290.
doi:10.1371/journal.pone.0043290

Lesica, P and EW. Allendorf. 1995. When
are peripheral populations valuable
for conservation? Conservation Biology
9:753-760.

Martin, T.G., P. Arcese and N. Scheerder.
2011. Browsing down our natural
heritage: Deer impacts on vegetation
structure and songbird populations
across an island archipelago. Biological
Conservation 144:459-469.

Macdougall, A.S., B.R. Beckwith and C.Y.
Maslovat. 2004. Defining conserva-
tion strategies with historical perspec-
tives: A case study from a degraded
oak grassland ecosystem. Conservation
Biology 18:455-465.

Norman, G.R. and H.G. Schmidt. 1992.
The psychological basis of prob-
lem-based learning: A review of
the evidence. Academic Medicine
67:557-565.

Pedersen, R.J. 1963. The life history
and ecology of the Townsend’s mole
Scapanus townsendii (Bachman) in

417



Tillamook County, Oregon. M.Sc.
Thesis, Oregon State University,
Corvallis.

Riege, D.A. 1991. Habitat specializa-
tion and social factors in distribution
of red and gray squirrels. Journal of
Mammalogy 72:152—162.

Rooney, T.P. and D.M. Waller. 2003.
Direct and indirect effects of white-
tailed deer in forest ecosystems.
Forest Ecology and Management
181:165-176.

Schaefer, V.H. 1979. Aspects of habitat
selection in the coast mole (Scapanus
orarius) in British Columbia. Ph.D.
Dissertation. Simon Fraser University,
Burnaby, BC.

Schaefer, V.H. 1981. A test of the pos-
sible reduction of the digging activ-
ity of moles in pastures by increas-
ing soil nitrogen. Acta Theriologica
26:118-123.

Schaefer, V.H. 1984. A theory on the den-
tition of moles (Talpidae). Discovery
13:64-65.

Schaefer, V.H. 2006. Science, steward-
ship and spirituality: The human body
as a model for ecological restoration.
Restoration Ecology 14:1-3.

Schaefer, V.H. and R.M.ES. Sadleir.
1981. Factors influencing molehill

418 ¢

construction by the coast mole
(Scapanus orarius True). Mammalia
45:31-38.

Shimelis, A., P Mitchell and A. Asefa.
2013. Impact of forest structure sim-
plification on bird species richness in
the Harena Forest of the Bale Moun-
tains National Park (BMNP), South
Eastern Ethiopia. Nature, Environment
and Pollution Technology 12:321-324.

Singer, S.R. and W.B. Bonvillian. 2013.
Two revolutions in learning. Science
22:1359.

van Andel, J. and J. Aronson. (Eds.).
2012. Restoration ecology: the new
frontier. Oxford, UK: Wiley-Blackwell.

Verme, L.J. and D.E. Ullrey. 1984. Phys-
iology and nutrition. Pages 91-118
in Halls, L.K. (ed), White-tailed Deer
Ecology and Management. Harrisburg,
PA: Stackpole Books.

Walters, C. 1997. Challenges in adaptive
management of riparian and coastal
ecosystems. Conservation Ecology
(online) 1(2):1. www.consecol.org/
voll/iss2/art1.

Wells, S.H., PJ. Warelow and K.L. Jack-
son. 2009. Problem based learning
(PBL): A conundrum. Contemporary
Nurse 33:191-201.

December 2013  ECOLOGICAL RESTORATION 31:4

Wiggins, G.P. and J.A. McTighe.
2005. Understanding by design
(2nd ed). Alexandria, VA: Associa-
tion for Supervision & Curriculum
Development.

Williams, B. K. 2011. Adaptive manage-
ment of natural resources: Framework
and issues. Journal of Environmental
Management 92:1346-1353.

Wingvist, C., J. Bengtsson, T. Aavik,

E Berendse, L.W. Clement, S. Eggers,
C. Fischer, A. Flohre, E Geiger,

J. Liira, T. Pirt, C. Thies, T. Tscharn-
tke, W.W. Weisser and R. Bommarco.
2011. Mixed effects of organic farm-
ing and landscape complexity on
farmland biodiversity and biologi-

cal control potential across Europe.

Journal of Applied Ecology 48:570-579.

Valentin Schaefer (corresponding author),
School of Environmental Studies, Univer-
sity of Victoria, PO Box 1700 STN CSC,
Victoria, BC V8W 2Y2, schaefer@uvic.ca.

Emily Gonzales, School of Environmental
Studies, University of Victoria, PO Box
1700 STN CSC, Victoria, BC VEW 2Y2.




