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C McAlpineetal.
Integrating plantanimal restoration perspectives

Ecologicalrestorationof modified and degradedlandscapes is an important challenge
for the 21st:@ntury, with potential for major gainsin the recovery of biodiversity.
However, there,is a general lack of agreemeietweenplant- and animal-based
approachesto restoration, both in theory and practice.Here, we review these

approaches identify limitations from failing to effectivelyintegrate their different
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perspectives, and suggest ways to improve outcomes for biodiversity recovery
agricultural landscapes We highlight the needto strengthen collaboration between
plant and animal ecologiststo overcome disciplinary and cultural differencesand to
achievea more unified approach to restoration ecology. ¥plicit consideration of key
ecosystemfunctionsthe need to plan amultiple spatial and temporal scalesand the
importance of plant—animal interactions can provide a bridge between plantand
animal-basedmethods A systematicapproach torestoration planning is critical to
achievng effective biodiversity outcomeawvhile meetinglong-term social and economic
needs.
Front EcollEnviron2016; 14(1)XxX—XXX, d0i: XXXXXXXXX
In a nutshell:
e Currentrestoratiorffortsoften focus oreitherplants or animalswith limited
integration between the two approaches
e Stronger.collaboration betweerant and animal ecologisisvital for restoratiorof
functional ecosystems and effectiveaeery of declining biodiversity
e Greateremphasis is neededrestoration of key ecosystem functiopgnt-animal
interactions and planning anultiple spatial and temporal scales
e Bridging the gap between plartrd animabasedapproachewill enhane the

success of restoration programsth longterm benefits for biodiversity

Current ates of extinctionare100-100Qimesgreaterthan in pre-human timeglWYCN 2007).
These elevated rates dreing driven primaly by the conversion and degradation of native
ecosystemby human activitiesIn response, the 2012 United Natigb¥N) Rio+20
Conferenceson.Sustainable Development set the goal of restoring 150 million ha of disturbe
and degraded.land by 202@€nzetal. 2013), with expected benefits for thmintenanceor
recovery-of-biadiversity. Given the UN Rio+20 goal, and thahy countries are

implementing expensivestoration programs, it is timely to review how best to ensure that
restoration actions are effectivetirerecovery of biodiversity.

Eeological restoration is the process of assisting the recovery of entire ecosystems
(Hobbset al.2006). Yet, restoration science and practice are raretrasghtforwardas this
definition suggestéPalmeret al. 2006); onemajor problem is théack ofaccordbetween the
ways in which plant and animal ecologists approach issues in restoration theory and practice.
Thisdivisionis associated with both a dominance of plaeded studies in the scientific
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literatureand a divergence in publication foci. For example, among 1020 papers in the 24
journalsthatmost frequently published relevant articles, 67% fedus plant-only
restoration 9%focused oranimalonly restoration andjust 24%were “mixed”— lookingat
both plants and animals (based on Web of Science 1990-2igi4e 1)

The number of plant-only papers did not correlate with the number of animal-only
paperson d journaby-journal basi§Pearson® = 002, P > 0.05,n = 24), suggesting that the
scientific“cultures™ of plant- and animdbcused restoration researchers are largely
independent of one anothehdre was atrong correlation between numbers of plant-only
and mixed papersi{= 0.50,P < 0.001,n = 24)but little correlation between animahly and
mixed papersrf.= 0.10,P > 0.05,n = 24).This lack of plant-animal integration impedes the
development©fithe science needed to underpin the restoration of fully functionetects
Conversely, studies that do explicitly consider both plants and anasalgll agheir
mutualimportance in restoratioean accelerate forest recovéBanel 1 Holl et al. 2012)

Here we reviewplantbased and animdilased approachés restorationidentify the
limitationsof failing toeffectivelyintegrae both perspectivesaand suggest ways to improve
outcomes for-biodiversityecovery. Our focus is on ecological issues (populations,
communities, ecosystems) and not the genetic level of biodiversity. The geographisfoc
on agricultural fandscapesmany @ which are economicallynarginal and ecologically highly
modified or degraded, and thajpresenthelargestpotential area for restoratigyobally.

Our goal'is to initiateliscussioras the first step in achievirmgmoreunified — and therefore

improved —approach t@cosystem restoration.

Review: plant- and animal-basedrestoration perspectives

We examinefive themegelating toplant and animabasedperspectivesn restoration: (1)
restoratiorgoal (2) restoration stratgg(3) temporal scalg4) spatial scalgand (5) pant—
animal intéractionsWe identify the general characteristicgptdnt and animgberspectives

respectivelyand-where they differ (Figure 2).

Restorationrgoal

Having a clear,goal is essential firhieving and evaluatingstoratioroutcomes. Foplant
based restoratigmn implicit goal is oftero restore community composition and key
structural elemenisuch as overstory tree spedEgure2). A frequent goal is to return the
ecosystem ta historicalstateor ecologcal trajectory similar to that whiakxistedbefore the

ecosystem waseverely modifiedby human land use (Sudieg al. 2003). Thegoal may be

This article is protected by copyright. All rights reserved



setrelative toa benchmark, sudsthe vegetation community afneighboring remnant, or
may be taccompile inbrmation on the prior state of teeosystemif available(Gibbonset al.
2010). The degree of vegetation modification in a given m@amakesuch goals
unattainableespeciallyif there are irreversible abiotic changesutrient levelsandsoil
conditions, oifinvasiveexotic species have become establigitabbset al. 2006).Plant
restoration goalscreasinglyare describeth terms ofmeasureablecological objectives
such agpercentage of natiy@lantspecies, structural and compositionaledsity, and plant
functionaldiversity (Thorpe and Stanley 2011).

For animalsrestoratiorgoalsgenerallyemphasizéndividual species and thelrabitat
needgather tharcommunity structure and composition (Albreeh@l. 2010; Manninget al.
2013).For example, sccessful restoration of the Mauritiksstrel Falco punctatugsstarted
with the objectiveof augmenting its last known population, which was composed of only
four individuals in 1974. The work involvetaptive breeding angrovision of habitat
resourcegie nest boxes), and success was meadareams ofpopulation growthJoneset
al. 1995). The goals ofrémalbased restoration asdsooftenbasedon landscapeatterrs,
such aenhaneing functional connectivity anlandscape to facilitan organism’s
movements, (Thomsoet al. 2009)or optimizing the spatial configuration of restored sites
maximize the number of species occurremvegisin the landscap@/Nestphalet al. 2007).

Differences in restoration goals can stem from a varietao$es. Policy mechanisms
can favor one type of goal over another; for instariee|XS Endangered Species AEtL973
(US Code; Titlel6, Chapter 35, Sections 1531-1544) promotes populei@hebjectives
and favors animals over plantshereas the Brdimn Atlantic ForestCode mandates
minimum numbers of tree species to be plantetth no requirements for animal
reintroduction or population monitoring (Aronsenal.2011).The dvergent goaldor plant
and animal-based restoratialsoariseas a reult of different disciplinaryhistoriesand

“silos” of expertiSeamong zoological andotanical conservationists

Restorationsstrategy

For plantsgestoration strategsgenerally focusn actions at the sitecale Thisinvolves
deciding whichspeciesd plant or favor, manipulatingsource availabilityo enhance
recovery of vegetatiostructure and compositipand contrding undesirable specigEigure
2; Blumenthakt al. 2003). Atentionis concentratethrgely on sitescale processgsuch as
nutrient and water availability, anddseatlyinformed by community assembly theory

(Tempertoret al. 2004). A frequentien is to restore the physical structure and species
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composition of the prior vegetation community, which may be achieved by initially
planting/sowing propagules of many species, by establishing plants in a plannecicseq
and by planting diverse overstory and midstory speaieaccompanied by weed control.
Promoting @minant overstory specig@sovides cover for understory species amal/aid in
the contrelof-undesirablespeciesOver the short termrées and shrubs arelatively less
challengingto restore and maintaas compared withpeciesich understory/grounthyer
herbaceousegetation and native grasslands (Muetal.20M). The plant species used in
restoratiomare typically native to the greapecially where the goalbenchmarked against
the pre-degradation vegetation compositidany approachearebased on dfield of
dreams’strategy whichemphasiesthere-credion ofstructural attributes with little attention
paid to biatic fesponses andsumes that degraded areas will progress taivanmtended
state(Hilderbrandet al. 2005). However, colonizatiaof all sites does not necessarily occur
as expecte@egMunro et al. 2009).

For animalsrestoratiorstrateges commonly address the need to enhance breeding
populationsof targetspeciegSelwoodet al. 2009),typically through therovision of habitat
resources anthe 'manipulation of landscape patterns to anbpopulationviability. The re
establishmenof critical habitat resourcg€egfood, feeding substrates, shelter, and breeding
sites)across the landscapend themaintenance dbngerterm landscapscale processes (eg
dispersal, migration) that inflmee population viabilityare key elementsf these strategies
(Sudduthetal.2011). Recognition thaiesource requirementsay changeluring species’
life cyclesis essentia(Vesket al. 2008). Inthe early stages of restoratjonmay be desirable
to manipulate floristic composition to mininedzesourceshortages and periods m@fsource
scarcityfor animal speciegegPeterset al. 2013) Increasing compositional and structural
complexity of the restored vegetation generally leads to greater faunedsspehness
(MacGregotForset al. 2010). The estoation oftree species amatherplants with
complementary. seasonal flowering and fruitpagterns attrasta broader diversity of fauna,
supportingracomplex array of plaatmal interactiongGarciaet al. 2014).

Confliets‘can occur between pldmsedand animal-bsed restoration strategid=or
instancejnereased browsing following the recovery of native mammalian herbipemes
may severely damageestored vegetation, wheaghe apid removabf non-native
vegetation, which is often prominent in pldotused restoration effortsjay negatively
affectanimalspecis. As anexample, the removal of invasive cordgra&gsartinaspp may
have caused thepid decline of thendangered Californidapper rail(Rallus longirostris
obsoletuy (Lampertet al. 2014).
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Temporal gale

Timeis animportant factofrom both plantbasedand animabasedestoratiorperspectives
(Vesket al.2008). The growth and development of restored vegetation are anpfut
ongoing'eommunity and population dynamigth different resources becang available to
plants and animakssvegetatiormaturesHowever over time,the colonization of the
restored site by both plant and animal species may be limitdeeipersal ability of
species antly landscape connectivitiGrimbacher and Catterall 2007).

For plants, changes anvironmental condition@gaboveaverage rainfalland
disturbance regimaa the early stages of restoratioray improve opportunities for
regeneration of desired specibgt plantings may degrade if the initial cohort of plants dies
without replacement (Rodrigues al. 2009). Longetterm outcomes$or restored vegetation
dependhot onlyon the growth of planted individualsut alscon the insitu germination of
seedlings from plante-established at the siges well ascolonization from surroundingreas
Identifyingthetrajectories of species’ recovery doatriers toplantsuccession, such as
altered nutrient.dynamics and low propagule availability, govern the design and scheduling of
restoratioractions (Vesk and Dorrough 200Bates of establishmeand growth of plants
dependforhe intensity extent,and duratiorof currentand pastand uses, whichffect
propagule availability ancecoveryrates (Holl et al. 2012).Management interventions can
overcomeitnelags in plant coloniation for example, direct seediraf latersuccessional
species when conditions are approprate hastenegetation growth and ecosystem
development (Botla-Moheno and Holl 2010). The longevity of mangespecies
necessitates a focos longer-term population dynamics.

For animalsthe availability ofresource over time in restored habitatgries among
speciesSomespecies depend on resourcehabtat structureshat are most availabbiuring
early or mid-stages of successi@@atterallet al. 2012) whereadate-successionakesources
such as tree“hallowsnay takemany decadet® develop(Vesket al.2008).Themethod of
restorationsmay influerecsuch temporal patterns: for exampésstoration plantings at high
densites can‘greatly reduce tree growth rates and deéselopment of tree hollows by
decadegDorrough and Moxham 2005). Colonizatiohrestored areas by animalsusually
unassistedandthe timingdepend®n speciesmobility and the functional connectivity of the
landscapeSuitable resourcemay beavailable butlimited dispersal ability ofessmobile
speciesand poor landscape connectivity may delay colonizatBrim{bacher ancatterall

2007).Whereas planbased restoratiooften takes a lonterm perspectiven community
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developmentespecially for forestgnimalfocused restoration frequentigalswith shorter

time frames

Spatial scale
Spatialscaleinfluencesbhoththe spatial extent and configuration of restoration actians, a
well asspatialprocessesuch as th8ows of organismanateria] and energy through the
landscapéMetzger and Brancalion 2013)ispersalbf propagules/individuals crucialfor
bothplantsiad animals. Althoughlpntbased restoration generatigcursat the sitescale
(<5 ha),the_surroundindgandscape contexianaffect propagulalispersal Thedistance over
which seeds disperse depsmha plant’slife-history traitsin addition to vectorand soll
conditionsgwhich cadiffer greatlyovertime and spacdRestoration outcomes for plarase
alsogoverned by thé&and-use and ecological condition(s) of adjacent a(Basrough and
Moxham 2005). Restoratiarctivitiesadjacent taindegraded and degraded anedls
promote propagule donations by native species and limit invasion of exotic species,
respectively(Vesk and Mac Nally 20Q6.indenmayeeet al. 2010). Restoratiorpractitioners
must alsaconsidéer landscapscale disturbances, such as,fwhich @n influenceplant
recruitment,and establishment

The patial scale andontext of restoratiors critical for manyanimalspecies
especiallylargeor mobilevertebrateshat need large expanses of functionatiynected
vegetatiorto maintainviable populations. Landscape contexgenerallyconsidered at scales
muchlarger than theestoredareds) (egat 1000s or 1®M00s of hectar@sand highlights the
importance of restoring thehole landscape mosdior animal populationsegWestphakt
al. 2007;Thomsaret al. 2009; Suddutlet al.2011). Proximity of restoration to largatches
of intactvegetation of suitable habitat quality can enhance outcomes for animals (Grimbacher
and Catterall 2007; Lindenmayetal. 2010), andestoration of vegetation cover in the
landscape’can positively influence animal species occurrence and richness astadesite
(Cunningharretal. 2014).Complementey restoratioractions athesite and landscaseales

will thereferesimprove the chancefrecoveryfor many animal populations.

Plant-animalinteractions

Explicit consideration of plan&nimal interactions can enhance the success of restoaaiion
is a key element in unifyinglant and animabasedberspectives (McConkest al.2012).
Plants provide resources needed by animalsirdexhctions between plants and animals

influence bothplantand animatommunities Animals polinate and disperse seeds but also
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prey on seeds and seedlingsrest regeneration on former agricultural lands depends on
plant-animal interactiongPanel 1Holl et al.2012): for examplédyuit-eating birds and bats
caninitiate succession by dispergithe seeds of pioneer plant species (Negfaal. 2006.

Larger vertebratesftenaffect seed dispersal and the predation of seeds and seedlings
in landscapeéPanel?). They typicallyoperateoverbroader spatial scaléisaninvertebrates
such as seedispersing ants, which move over shodestances and provide withsite
rather than amonsgite functions. many settingshoweverarger vertebrates may be absent
due to land conversion and huntimgrtality (McConkeyet al.2012). Invertebrates iros
and leaf littemplay important roles in nutrient dynamics and in soil structdégténschwiler
et al. 2005;Majeret al.2007), whichmayassist plantolonization and establishment.
Managinggpollination is mutually advantageous to pollinators amdgpknd salso
underpinghelong-term sustainability of restoratigixon 2009).

Interactions betweengnts andanimak mayhave complex consequences that create
dilemmas for restoration manageBaiCkley 2008). For example, dispersal by frugivores can
spread non-native plants — which may be regaeitbéras detrimental invaders,or
converselyas.useful pioneersto restoration site@\eilanet al. 2006). Conflicican arise
when restared.animal populations detrimentally affect newly establisha&thgk such as
leafcutter ant{Atta sppandAcromyrmexspp) in the neotropicdMeyeret al. 2011 and
mammalian_herbivores in temperate foreB@r§onst al. 2006) Such animal species can
limit seedling establishment and alter restoration trajectoRestoring populations of large,
functionally important vertebrates majsoinducewildlife—human conflictf, for example,
large carnivores are involved, or if non-native fauna are the only extant fuhstifrssitutes
for extinct/vertebrate@vicConkeyet al. 2012; Rippleet al.2014).

Synthesis— potential conflicts andfailures

Many of e underlying ecologicdbundations of the plartiasedand animabased
approaches-torestorationerlap.Achieving effective ecological outcomes tooth plants
and animals=depends on the restoration ofsedfaining ecosystemdtreough the
importancesof various ecosystem componemty differbetweenand amongplant and
animal specieskemporalaspects of restoration armaportant for both plants and animals,
andalongterm(decades or even centuries) perspecgtivequiredor achievingeffective
outcomes. e spatiakcaleat whichrestoration actiomare planned and implemented often
differs between plants and animals, with a notable issue temxtensivearea

requirements for the recovery of viable populations of molaitge-bodiedanimal species
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There isa need for greater consideratiorspftial ecological processiesrestoration
including population dynamics, pla@rimalinteractionsandthe roles of species irwider
ecosystem functiorSekercioglet al. 2004;Chadeset al. 2012).

Many of the apparent differenclestween plant- and animal-based restoration may be
artifacts ofthescientific background of ¢hindividuals involved, awellasof the lack of
disciplinarycrossfertilization andcollaboration(Figure 1). h agricultural landscapgs
investing resources to restore highly modified and degraded ecosystemstmagult in
ecologically and economically effectieeitcomes, due in part to inadequate integration
betweerplant-and animabased approache®stering such integratidmas the potential to
improvebiodiversity intheselandscapedf this integration is successfuhd goal becomes
the longterm,/costeffective restoratin of functional ecosystems and landscapes for all

components of‘biodiversityather than taxospecific restoration.

The way forward
We propose foustrategies to achiexemore unified approach to the recovery of biodiversity

in fragmentedagriculturallandscapes.

Strengthen collaboration between plant and animal ecologists

Close dialogue between plant and animal ecologists in the planningftagéorations

vital in fosterng interdisciplinary collaboratioandharnessmg complementary skillsair
making decisions about the most efficient design of projects to achieve tiestgaals.lt is
also necessary to explicitly recognibe interdependence pfants and animalgst multiple
temporal and spatial scal@3anel 1).mtegrated restoratiorpproaches are likely to have the
highest potential for achieving effective, long-term outcomes for biodivers$ig/.gold
standard’of ecological restoratioshould be theestoratiorof functional selfsustaining

ecosystems.

Give prioritysterestoratia projects that will benefiboth plants andanimals
Restorationrapproaches that focus on a single taxonomic group may have few benefits, or
may even bedetrimental to other components tfie ecosystertPanel 2). For example,
planting a few fasgrowing poneer tree species that shade out pasture grasses in tropical
forest restoration will have poorer biodiversity outcomes thatmategyesigned to provide
resources for a range of animais integrated plantnimalbased approach is more

challenging inerms of information requirements, policy mechanisms, design, and
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scheduling, but providegreateroverall biodiversitythrough the restoration of a more
compositionally diverse, structurallpmplex ecosystem.

Paygreater attention taestoring plant-animal interactiors

The eplicit consideration okey plantanimal interactionssuch as pollination, seed
dispersalandseed predation (Panel ekerciogletal. 2004),will enhanceestoration
success and provide a bridge betwpkamt- and animabasedapproachesmportant
guestionsito consida@nclude whichanimals might be attracted to particular plant species
which other.animals will be attracted to those animatgl whaeffects mighboth groups of
animals have on plant community developméfii@wledge of plantdisperser relationships

is critical teimproving plant selection in restoration proje¢Banel 2).

Adopt a ystematic restoratioplanning approach

Systematicplanningis critical in ordeto combineecosystenestoration witlthelong-term
socialand economic needs of human communifiéss requires the integration of siszale
restoration.actions withinlandscape ecologicdlamework to achieve synergies among
restored aredseeWebPanell). Usinga decisioamaking frameworkhatdefinesthe
restoration goalsncludesa realistic assessment of the ecological and socioeconomic
opportunitieder restorationandidentifiesthe constrainton achieving landscapscale
restorationNfMenzet al. 2013)will help toresolve potentially copetingdemands for
resourceslncreasindevels of detaican be added to account for the costs and benefits of
different types ofestoratiomactivities the likelihood of restoration success, the possible
effects of stochastic eventnd spatial conneegity (McBride et al.2010;Wilson et al.
2011).

Conclusiors

Ecologicalrestaratiohas the potential to achieve substantive gaintharecovery of
biodiversity;the'challenges are great but the conservation outcomes are lhptentia
substantialA"unified approach to ecosystem restoration is necessary to integrate the
currently divergent planand animal-focusedpproachesThis requires pushing the frontiers
of restoration ecology by challenging restoration ecologists and practitiorsselop
conplementary and integrated approaches to restoring degraded landscapes, rather than
working from narrow, taxonomic perspectives. HBirategieproposederewill help lay the

foundations for a more unified research agendadosystemestoration for th@ext decade.
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Figure captions

Figure 1. Graphical summary of the main focus of papers in journals publishing papers on
restoration ecelogand ecosystem restoration. Bhersareanimalonly papers, orangears
areplant-only papers, and grebarsarejoint plant-animal papers. Journals here represent a
high-quality selectiorfrom the 2§ournals assesseohd were limited to those that contained

at leastl% of the total paperin at least one category fiantfocused or animaiocused).
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Figure 2. Summary of commonalities and differences amfonig core restoration themes
that could result in disparities in restoration outcomes betyasat-and animafocused

perspectives.

Figure 3rA field"experiment investigating the effects of restoration strategies on-plant
animal interactions and forest regeneration. (a) Restoration treatments applied 030

m areas of former agriculturand in southern Costa Rica. Green areas are planted with
seedlings(b) Tree plantation (hilltop) and naturatgenerating control after planting in

2004. (c) The same hilltop planting in 2013. (d, e) Bird visitation and seedling recruitment a
monitored‘annually to evaluate restoration outcomes. (d) Black-mandibled toucan
(Ramphastos‘ambiguusegurgitating a palm seed. (e) Seedling recruitment along the edge of

a tree island (left).

Image credits:
(b—) JL Reid

Panel 1. Applied nucleation: estinga landscape restoration strategy in southern Costa
Rica

A landscapeestoration experiment in the moist pr®ntane forest zone in southern Costa
Rica has shed light on how plaati#mal interactions can be manipulated to accelerate
tropical forest recovgr(Zahawiet al. 2013). This experiment compares conventional tree
plantations with applied nucleation, a strategy in whiche'islandsare planted to expand
and eventually to coalesce. Applied nucleaisaumes thauccession proceeds patchily
(Figure 3).As.compared with plantations, tree islands have the potential to accelerate the
developmentof:more complex forests anelate more heterogeneous habitat conditions at a
lower cost:

Local‘restoration strategies cgeatlyinfluence plantanimal inteactions and the
pace of regeneration. Tree islands received similar abundances of-disipgaked tree seeds
from plantations, and islands and plantations had twice as many atispatsed seedlings
as naturally regenerating conteskadn the first ew years. These patterns primarily reflect
the habitat preferences of sedidpersing birdsThere seems to be a minimum island size

(~100 nf) to increase animahediated seed deposition and recruitment during the initial
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years of recoveryl'he species iddity of the plantedrees was importanftruit-eating birds
were more likely to visitnga edulis(guabathan other tree specidsedulishas a complex
branching architecture and extra-floral nectaries, which attract irestttheir omnivorous,
seeddispersing avian predators. Applied nucleaippears to ba costeffective strategy
the successofwhiathepends ofacilitating multitrophic plantanimal interactions.
Restoration outcomes in the experiment depended on tree cover at the lasdalsape
(tens of hectargsBird communities increasingly resembled communities in mature forests
when plantings were located in landscapes with high surrounding tree loowgrisdid not
occurin tree,islandsr in natural regeneration. Landscape tree coxges important within
170-750 m,of plantings. Although landscaoale effects have yet to be observed for seed or
seedling communities, these patterns are expectmeéoge over time as latsuccessional,
largeseeded trees colonize. If so, this wouldgest that animals are not only key
benefactors and beneficiaries of tropical forest regenerdtiralso thatheir landscape and
habitat preferences may help deternfutere patterns of plant recolonization.

Panel 2. Plantanimal interactions: crucial restoration roles in agricultural landscapes
Successfullongerm restoration of vegetation depends opstblishing seedling

recruitment and survivalnteractions between plants and animals influence these processes
through mutualisms (pollination and seed dispersal) and “top-dpredation (Table 1).

These interactions typically involve functionally similar groups of species rather than specific
species pairsSeeds of most fleshifruited plant species agenerally consumed and

dispersed by manydit-eating speciesyhereas plants with large seédtract in this way

with a few largebodied frugivoregMcConkeyet al. 2012). The removal of large carnivores
from native ecosystems has been associated worldwide with the loss of woody megetati
medated by increases in mammalian herbivqRippleet al. 2014), buthis processan be
reversed. by thesturnof large carnivoresSuch ecosystetevel effects of fooethain
interactionsTare:widespread, although knowledge of thkgrin agricultural ladscapes

remains saa&es=There are two important implications for pasgfricultural restoration. First,
without funetions provided by large vertebrates as herbivores, predatsesd dispersers,

the plantbasedapproach of reinstating a mix of nativerdh maynotachieve the restoration
goals. Second, animabsedestoration actions that return functionally important fauna may
be effectivefor reinstating native vegetation. This idea has been explored in several recent
experimental restoration projectscluding introducing giant tortoise species that are

functionally similar to recently extinct species on oceanic islands, either as frugivores to
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disperse the seeds of indigenous plants or as herbivores to suppress competitigsbvaggr

non-native ground plant&(iffiths et al. 2013).

Table 1.Pathways by which plantanimal interactions can mediate the recruitment and

growth of'seedlings and the extent of curnat research into these pathways

Interaction type Main animalgroups Amount of Large Example
research vertebrates reference
involved?

Pollination Nectar and pollerfeeding Little Rare -
insects and vertebrates

Seed dispersal £ Frugivorous birds and Considerable Common McConkeyet al
mammals (2012

Seed predation Seedeating mammals Moderate Uncommon  Howe andBrown
(rodents)and insects (2001
(beetles)

Seedling Herbivorous mammals anc Moderate Uncommon  Coétéet al. (2009

defoliation insects

Trophic cascadesgCarnivorous mammals anc Moderate Predominant Rippleet al.
their prey (2019

This article is protected by copyright. All rights reserved



All journals

Environmental Management
Agriculture Ecosystems Environment
Landicapﬁand Urban Planning
logical Applications

Bio nd Conservation
|

WI of Applied Ecology

ielogical Conservation
dological Engineering
estoration Ecology

m\/egetation Science
Forest gy and Management

P

Author Man

0% 20% 40% 60% 80% 100%

fee_1207_f1.png

This article is protected by copyright. All rights reserved



RESTORATION
PROCESS

PLANT
PERSPECTIVE

Goal

* Restore historical
conmunity or
achieve
fur ctionality

Strategy e Plant
representative
range of native

species

» Structure can be
manipulated to
accelerate
colonization

Temporal
Scale

« ruiig timescales
(decades to
centuries) and
iifespans (eg
trecs)

s Scheduling of
actions is important
for success

Spatial
Scale

e Surrounding land-
use matrix
determines
success

BENEFITS OF
INTEGRATED APPROACH

STRENGTHEN
RECOVERY OF DIVERSE,
FUNCTIONAL
ECOSYSTEMS

ECOLOGICALLY EFFECTIVE
RECOVERY OF BOTH
PLANT AND ANIMAL

POPULATIONS

SYSTEMATIC PLANNING OF
RESTORATION INCREASES
LIKELIHOOD OF
EFFECTIVE OUTCOMES

RESTORING FUNCTIONALLY
CONNECTED LANDSCAPES
ALLOWS DISPERSAL IN
CHANGING
ENVIRONMENTAL
CONDITIONS, PROTECTS
AGAINST STOCHASTIC EVENTS,
AND ENHANCES ECOSYSTEM

PROCESSES

This article is protected by copyright. All rights reserved

fee_1207_f2.png

ANIMAL
PERSPECTIVE

* Restore habitat
components to allow
self-sustaining
populations of single
taxa or a small sub-
set of species

¢ Provision of food,
shelter,and breeding
habitat

¢ VVegetation structure
more important than
composition

¢ Resource provision
occurs at different
rates

e Species need time to
disperse to new
habitat, unless
translocated

e Large-bodied or
mobile animals need
large areas of
functionally
connected vegetation
to maintain viable
populations




Control lslaned Flantation

(8]

fee_1207_f3a.png

This article is protected by copyright. All rights reserved



fee_1207_f3b.png

Author Ma

This article is protected by copyright. All rights reserved



fee_1207_f3c.png

This article is protected by copyright. All rights reserved



fee_1207_f3d.png

This article is protected by copyright. All rights reserved



fee_1207_f3e.png

C
(O
=
-
O
-
-
<C

This article is protected by copyright. All rights reserved



