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Summary

In national landscapeéHet Groene Woud, located in theutch province of bord-Brabant nature
managergeintroducedred deer toincrease the=cological valuef the area As itermediate feeders,
red deerforage on both woody rd grasy vegetation, ad can, through toglown interactions,
broadly impact theienvironment The idea is that red degin combination with otheherbivores like
cattle and roe der, canincrease the graduality of the transitions between grasstzartt forestsin
HetGroene Wougdand can maintain diverse half-open landscap€elo manitor if these goalare beng
obtained,the aim of this study was tmeasurewoody recruitment and vgetation structure wihin
the red deer enclosure, and to quantify how thesebe linked to area use by red de¢usel camera
traps todetermine the aea useby red deerin 2021, | used GP8ata to determinehistoricarea use,
and | performeda field suvey of eighy 20x20mplots to measure vegetatiorcharacteristics| also
used vegetation data from 2019, to measwegetationchangeln anelaborate statistical analysis, |
then studied the interaction between reddeer andthe vegetation,and the influace of various
covariates, likeree species, habitat type armbarse woody debrid.found that red deepreferredto
stay inoak-hazelalder forests ad grasslandsl also found indicationsf red deerinfluencingthe
growth of saplingspossiblykeepingthem below a certain heightnteresingly, the results show that
this effect differs pertree speciesFurthermore,l found little ndicationsof red deer influencing
bramble growth,or increasingvoody vegetation structureln fact grassland plots bahe contained
any woodystructure. Restoring topdown trophic interactions, ortrophic rewilding, hageceived
increasinginterest. The red deer enckure of Het Groene Woud, together with this study, provide
examples of the #ect of rewilding with large brbivores as well a®n how to study these processes.
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1. Introduction

1.1 Loss and restoration of trophic functions

Humans have drastically altered the presence of large animals on Earth since the late Pleistocene. Fifty
thousand years ago, at least 150 genefanammalian megafauna (animals weighing more than 4

kg) populated our planefBarnosky et al., 2004Forty thousand years later, however, around two

third of those genera, together with several megafaunal reptile and dpeties, had become extinct
(Barnosky et al., 2004)While climatic effects might have played a rafethese LateQuaternary
megafaunal extinctions, human arrival is thought to be the main driver of the disappearancesef th
large animalgAraujo et al., 2017; van der Kaars et al., 20HUmangpossilly impacted megafauna
through hunting, habitat alterations, introduction of new species and spread of dis€dset &
Barnosky, 206). As this anthropogenic influence on the environment is still present in modern times,
the threat to largebodied widlife continuegSmith et al., 2016)

This megafaunalxincion is not just a loss of species, it also leads to a loss of trophic functions
(Cromsigt et al., 2018; Estes et al., 201d)the present, it can be observed that large animals shape
ecosysems, with their impact propagating through different trophic levels of their food w@&stes

et al., 2011) An example is the jagudPdnthera oncg)whose loss in Venezuelan forests caused an
eruption of herbivoes, finally resulting in reduced plant recruitment and survi@rbogh etal.,
2001) Even though jaguars have no direct impact on vegetation, the absence of predators here
determined the state of thdorest. Another example is the reindedRdngifer tarandugs grazing of
which reduces woody encroachment of tundra, whiebuts in a higher surface albedo. By doing so,
reindeer possibly limit local climate warmit@ohen et al., 2013; Te Beest et al., 201t6% suggested
that such trophic casades occurred in the distant past as wWelflomsigt et al., 2018T here is evidence
that the Late Qaternary megafaunal extinctions led to local climate warn{idgughty et al., 2010)
biome shiftqJ. LGill, 2014) changes in methane concentrati@®mith et al., 2010QYyegionally reduced

CQ sequestrationDoughty, Wolf, et al., 20163nd sloweedown nutrient cycle¢Doughty, Roman, et

al., 2016)

Over the last decades, conservation practices have begun to adopt the importance of trophic
NBaAaU2NI GA2Yy PORWS HmBIent Rk BA adil2a adaA3ISadSR a | 6
GNBAyaltAlGdziaAya SO2t23A0! f Iy &nsfoBr@@ ordeliniinatgd byE: LINER
YS3I FI dzy | t (Coiahetyad, 2A0B)yatek this developed into the somewhat broader

concept of tophic rewilding, where species are introduced to restore-tlopvn trophic interactions

and associated trophic cascades, aiming forgjulating ecosystem&venning et al., 2016)

1.2 Red deer as ecosystem engineer

In the current Euspean context, red deeiQervus elaphyds another animal that plays a potentially
important role in shaping ecosystems, as it is afighe larger surviving, wild herbivores on this
continent. The ungulate speciedten favours woodland habitatéMitchell, 1977) but can also be
found in shrublandgAlves et al., 2014and sometimes even in treeless areas, such as the British
moorlands(Whitehead, 1964)When red deer do live in forests, they usually prefer sepan forest,
making use bgrassy clearings and woodland edg@kres et al., 2014; Kuijper et al., 2009; diell,

1977; Patthey, 2003)This is probably because these transition zones provide both qualitative food
and shelter(Alves et al., 2014)

The ability to inhabit both forests and grasslands results fronY,2 y 3 2 0 KSNJ G KAy 3az
feeding habit. Herbivores can be roughly divided into three different groups: browsers, grazers and



intermediate feeders(Figure 1,Hofmann, 1989) Browsers predominantly feed on material of
dicotyledonous plants, like twigs and shrub leaves, while grazers consume gmsniikei grass
(Gordon, 2003)Intermediate feeders switch between the two consumption types, fluctuating,with
for example, season and locatig@ordon, 2003)Usually, however, they choose plant parts with low
fibre content(Hofmann, 1989)

EUROPE: RUMINANT FEEDING TYPES

L T
Concentrate selectors % Intermediate types ! Grass/roughage eaters

red mneer4

lﬁﬁ .ﬁkt. ) ) m i

! ;
X poieiteliicion,

Figure 1— Eurobean ruminants according tiheir feeding type. Species further to the right are more
adapted to digest higliibre plants, like grassesThe ed deeris here classified as an intermediate
feeder.From Hofman (1989)

Hofmann(1989) classified he red deer as a member of the latter grauphis is confirmed by, for
example, Dumont et al(2005) who showed how hinds fed on grass during tivnter, but
predominantly consumed shrubs, seedlings and forbs during the other sea3thes research also
found the diet composition of red deer to consist of both concentrate plant material and graminoids
(Cornelissen & Vulink, 1996; KrojereReokesova et gl 2010; Storms adl., 2008) A brief overview of

the diet of European red deeris givenintable ISOl dzaS 2F GKS NBR RSSNDa
graze(Figure 3)the animaimpact vegetation in various ways.

Vegetation layer  Food type Specific speies Table 1- Food source preferences
Tree layer Deciduous tree  Oak?56 of European red deerAdapted from
leaves and twigs Beech® Tielemans (2017).
Rowart>6 _ .
Birct 1 (Bruinderink & Hazebroek, 1995)
Alder buckthort ?(Dumont et al., 2005)
Bird cherry® 3 (Gebert & Verheyde Tixier, 20@1)
Tree bark Scots pine 4(KrojerovaProkesowa et al., 2010)
Douglas fit 5 (Paulides, 2007)
Rowar? 6 (Staines & Welch, 1981)
Elderberry
Shrub layer Leaves and twigs Heathet®
Blueberry (also the
rootsy-4°
Branble?*®
Herb layer Grasses i.a. Wavy haigrass*®
Herbs i.a. Heathbedstraw
Fruits Acorng-34



1.2.1 Impact on vegetain

Through theirbrowsing, ungulates like red deer can decrease the number and height of tree saplings

in forests(Churski et al., 2017; Kuiters & Slim, 200@)e preferred foraging height of red deer lies

between 50 and 150 cifRenaud etal., @3> . SOl dz&S 2F GKAa LINBFSNByOS:
potential to grow above a certain height. iSthas been referred to as the demographic bottleneck
Y2RSf 65. a0 gKAOK aidldSa GKFG abF O2yadzylieNd Y &
adl 38 G AChurskiztiaK S0MBChurski et al. (2017) showed that ungulates like red deer drive
demographic bottlenecks in temperaferests, as not a single tree was able to grow above 200 cm in

their 5-year experiment. This idea is also sagpd by the findings of KuijpeCromsiget al. (2010),

who showed that ungulates did not significantly influence the presence of saplings bélom, but

did find a negative effect of these browsers on the density and abundancy of saplings abovet0 cm.
should be noted that the studies of Kuijper, Cromsigt et al. (2010) and Churski et al (2017) were both
located in the Polish A | h@Natlo@l Park which is inhabited by multiple herbivores. Next to red

deer, the area is roamed by, for examplaison,roe deer, wild boar, and rodentsThe height of the
demographic bottleneck might thus diffar areaswith a differentherbivare species compdson.

In addition to their effect of trees, deer browsing calsoresult in decreased height of other woody

species like brambl&uiters & Slim, 2002)nd bilberry (Baines et al., 1994)

Figure2 — As an intermediate feeder, red deer cdmth graze on grass (left), anldrowse on dicotyledonous
plant parts liketwigs (right).

Browsing by red deer can limit tree gvth in heathlands and grasslands as well, thereby maintaining
these open landscapdKuiters & Slim, 2002; Riesch et al., 2028¢rbivores that mainly graze, on the
other hand, can have the opposite effect in grasslands. The consumption and tramplingfagpens

up the dense grass layallowing other plant species to germinate and gi®uiters & Slim, 2002)n
certain pastures, this behaviour was foundstimulate the growh of nongrassy vegetatioifRiesch

et al., 2020; Schiitz et al., 2003; Virtanen et al., 2008 emergace of nongrassy vegetatiofn
grasslands campromote tree establishment, even though browsers are present. This process is
thoroughly described by OIff et #1999) and summarized in figure 3. The plants that emerge in grazed
patchesmight be less glatable to herbiweres than grass (Figure 3;(8. Forexample,because they
have spines or thorns, or because they are toxic. Patches with these plants are observed to function as
refuges in which palatable plants, like broadleaved trees, can grow, regultbom secalled
associational resistandgigure 3, D; Olff et al., 1999; Smit et al., 2015; Uytvanck et al., 2088j)en

the tree grows, increased shadow resuih the death ofthe nonpalatable plants in the understory.
This makes it difficult again for the tree to regenerate, thus in time the patch will often return to its

8



grassy state (Figurg EA). A certain amount of grazing pressure can therefesultin a dynamic
mosac landscape. Such associational resistance is most likely to take place in grassland with true
grazers like cattle and horsé®Iff et al., 1999)but the abundancy of nonpalatable plartasalso

been showrto increase under red deer foragiigchiitz et al., 2003)
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Figure3 — Schematic drawing of the successiagcle when large herbivores are preserntreating a dynamic
mosaic landscapeBy foraging oright demanding (L+), and highly palbte P+)grass, herbivores make room

for nonpalatable(P-) plant species, which function as refuges in which trees can grow. Due to shade and grazing,
there is little regeneration of the trees, making that eventually, the spot returns to a grassy Btata. Olff et

al., (1999)

1.2.2 Cascading effects
That red deedirectly affectplants is a logical result of their herbivohyt like with other megafauna,

the animal also indirectly influences flora and fauna. This ead to asustained or even increased

ecological value of their environment, for example in qui;tures AwoodLJI ai dzNB 7\ a I ags
structure of open woodland with scatterec ST 3
trees or forest patches in a matrix of grasslan
GFt €t 3N & aFigures, YyRanakre
al.,, 2008) If such an environment is
undisturbed, vegetation dynamics will ofte
transform the open landscape into a den
forest (Bergmeier et al., 2010; Navarro et
2015)

The presence of red deer, however, cé&

prevent this successio(Riesch et al., 2020° i

Smit et al., 2015)This effect is present i

grasslands, but alsovhere forest stands

already occur, red deer browsing can result Figure4 — Wood-pasture in North West England
canopy thinningdSchulzest al., 2018) Photo by Brian Muelaner



In such open forestsa greater amount of sunlight can reach the ground. Red deer could therefore
increase the growing potentiafanderstory vegetationindeedwhenRamirez et al. (2019) estimated
understory vegetation cover ahe cover percentage of heath, fern, shrub, moss and grass (&0 < 1
cmheight),theyfound a higher understory vegetation cover in plots experiencingiggeby ungulates.
Also Gill & FullegR. M. A. Gill & Fuller, 200@pserveda higher grass height in browsed forest plots.
When browsing pressuris not too hgh, it is unlikely that red deer shortens all plant stems. The
ungulate might therefore not only imease understory species diversity, but also the diversity in
vegetation height. In this thesis, the diversity of plant species, plant abundancy, andt@gddyers,

Ada NBFTSNNBR (2 Fa w@gSaASihilraAz2y aidaNHzOG dz2NB Qo

Red deer can thus aid in sustaining the tagen structure and openness of woqehstures. On the
other hand, grazing herbivores, can promote tree recruitment in grasslands, as explained easlier. It
therefore believed that foraging by a combination of browsers, grazers and intermediate feisders,
natural way to maintain the hatbpen character of wooghastureswith a dynamic mosaic landscape
of tree patches, shrubs and grasslq&tthulze et al., 2018; Svenning et al., 2016; Vera, 2000)

Wood-pastures are knowto be a highly divese environmen{Bergmeier et al., 2010; Navarro et al.,
2015) Forests alternate with grasslands, with broad transition zones in bet\{fegme 5; Bergmeier

et al., 2010; Vera, 2000Foraging by herbivores provides a certain amount of distuwbamwhich,
according to the intermediate disturbance hypotie$Connell, 1978; Grime, 1973)an increase
species hness. Thevariability in vegetation structure, nutrient availability, light and shade
conditions, and disturbance level results in many different miabitats. The landscape can therefore
support many floral, faunal and fungal speci{@ergmeier et al., 2010; Feber et al., 2001; Hartel et al.,
2013; Riesch et al., 20200 this wayJargeherbivores like redieer can be used in trophic rewilding.

e, OTESH

m% Grassland

JLIIALIALITEEL /!

Figure5 — Schenatic drawing of a broad transition zone between forest and grassla@@dmpared to abrupt
boundaries, these gradual boundaries offer include more plant speciestamcture andoffer therefore more
micro-habitats. These broad transition zones caaréfore support a higher biodiversit{From Verg2000)

1.3 Rewilding in Het Groene Woud

Anature area where such trophic rewilding with red deer is carried out is Het Groene Woud, which is
located in the in the Dutch province of NoeBitabant. This national landscapennects urban areas,
cultural landscapes and nature reserves. In 2017, nature organization ARK Nature and nature area
manager Het Brabants Landschap reintroduced the red deer in certain parts of Het Groene Woud. This
animal was once a common appearancéhieNetherlandg§Worm, 2010) but its ppulaion size was
strongly reduced between the 7and 19" century and only a few dozen remained in the central
Netherlands(de Groot et al., 2016; Worm, 201Q)ater, the red deer was even included in the Dutch

red list of endangered speciéldollander & van der Reest, 94). With the reintroduction of red deer

10



in Het Groene Woud, a native species was brought back that had been absent fromBtabeaaht for
over 150 years(Simons & Houben, 2017However, the intents of ARK Nature and Het Brabants
Landschap reach further than thiBheorganizationgeintroduced the ungulate to Het Groene Woud
not just to help preserve the species, but also to restore its ectdbfinction. Because of its historical
agricultural function, Het Groene Woud contains both grasslands and foresst]y with abrupt
trangtions between the two vegetation typd§igure6). As described before, such abrupt transitions
and structurelesgrasslands do not support the highest possible biodiver8iyyreintroducing red
deer,in combination with Aberdeen Angus cattle and thesalty present roe deelARK Nature and
Het Brabants Landschap aim to increase the graduality and structure ofttheséions, and maintain
adiverse, halHopen landscape, supporting a high biodiver§itRK Natuurontwikkeling, n.d.)

Figure6 — Two different locationsin Het Groene Woud deer reserve, where grassland and forest m&ate
with a very open grassland and an abrupt transition to for@sy and one with a slightly more structural
grassland, and a more gradual transition to forest, yet still leas tiesired(B).

1.4 Research problem

As described in paragraph 1.2, theage various indications that red deer can help increase the
ecological value of a woggasture system like Het Groene Woud. This does depend, however, on
numerous factors, like the presencé other animals, climate and soil properties, plant abundancy,
and plant species composition. For example, a factor influencing unguégetation interactions is

lying deadwood. Browsing by ungulates is found to be lower at sites with lying deadwged taan
50x50x100 cm, as these logs can form escape impedineicase of predatioiKuijper et al., 2013,
2015) An ecosystem response to browsing also highly depends on ungulate density. While the
beneficial effects of ungulate browsing onrfloand fauna have been observéeeber et al., 200,
Riesch et al., 2020; Schulze et al., 20h&)h browsing presure can also have a deleterious effect on
habitats and animaléDolman et al., 2010; Feber et al., 2001; R. M. A. Gill & Fuller, 2007; Kirby, 2001;
Morecroft et al., 2001)

The interaction between red deer and thenvironment is thusa very complex system. Yetio
understanding of the impact of red deer on their ecosystem is mostly based on research that is
conducted at a relatively small ecological sq&ésch et al., 2020Forexampe, by looking at how

red deer influence specific plant commities (Weisberg & Bugmann, 2003)Iso, these studies are
often conducted over a relatively short time span. Research on how red deer impact their ecosystem

11



over many years is therefore lackifiyeisberg & Bugmann, 200&ven when research is conducted
at a larger ecological scale and over a larger tinransime findings are often so locatiespecific, that

it is diffiault to assess if those results will also apply to other nature areas.

It is thus important to monitor if the introduction of red deer in Het Groene Woud gives the desired

results.This haseendone in the past by linking vegetation structure and openriegs 4 KS NBR RS

area usaggAllen, 2019; Tielemans, 2017)Repeating these studies is valuable,rasults of the
interaction between red deer and their environment might only be observable after a certain amount
of time. In addition, a new area was added to the red deer enclosure in, 202@ich the interaction

has not yet been studieget.

To obgin a quantitative status of the red deer and the vegetation in Het Groene Woud, | looked at,
among other things, how woody recruitment is affected by the presence of red deer. In thisalesea
woody recruitment is represented by the number of tree indixals below 50 cm. Furthermore, |
looked at how vegetation structure is influenced by red deer. As described before, in thesis vegetation
structure is described as the diversity of plapesies, plant abundancy, and vegetation layers.
However, as thistady was performed during the winter, | only looked at woody vegetation structure
properties. In this research, vegetation structure is therefore determined by aerial cover, height and
variaion in height of bramble bushes, and height and variation in tieigf tree saplings. To
summarize, this study is based on the following research question and subquestions:

How are woody recruitment and vegetation structure linked to area use by redidelee Groene
Woud deer enclosure?

1. How does the area use by rdder vary across the study area, and how has this changed since
2019?

2. How is woody recruitment linked to the area use by the red deer?

3. How is vegetation structure linked to the area usedu/dcer?

To provide answers to these questiohgonducted dield survey in eighty plots across the reserve. |
then used GPS data to determine the plot use by red deer between 2017 and 2019, and camera trap
data to determine the plot use by red deer2021.Hereafter, lcombined these data angerformed

a statisticalnalysis taneasure the impact of red deer on the vegetation.

1.5 Hypotheses

Based on the literature as summarized in paragraph 1.2, | have formulated the following hypotheses:

Area us€SQ1)| expect theplot use by red deeof 20172019 and 2021 toarrelate with each other,

as | expect that the spatial use of red deer has not changed significantly in two years. However, | do
y2i SELISOG + WLISNFSOGQ O2cdded thiough dffgrentd mtheds, In | &
different seasons and becautiee deer enclosure was expanded.

| also expect to find the highest presence of red deer in grasslands and in forests with tree and shrub
species that are preferred by red deer.

Woody recuitment (SQ2 In terms of woody recruitment, | expect to find orwé two different
outcomes. The first possibility is that the preferred foraging height of red deer lies between 50 and
150 cm,the red deer are attracted to plots with more saplingghin this height class. In this case, |
also expectthose saplings2 NB Yl AYy Ay GKAA KSAIKEG Oflaaz | a
case, plot use by red deer will be positively correlated to number of saplingsX&G0Om.
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Furthermore,|l expect the plots in the old area to haweore saplings 060-150 cm than the plots in

the new areaas saplings within in the new area have had a longer time to grow above 150 cm without
browsing by red deer.

In addition, vhen comparing the 2021 data the 2019 data, | expect to find larger increasen tree
sapling of heights between 50 and 150 cm in plots with a meghdeer densitythan in plots with a

low red deer density

Lastly, ithese differencesre the result of red deer browsingekpect to see the greatest effect on

tree species preferred by red deand in plots with little deadwood.

However, one can also formulate a different hypothesis, based on the research of Kuijper, Cromsigt et
al. (2010) who found thatbrowsing resulted in a decline in saplings above 50ltthe same applies

in Het Groene Woud, one woukkpect to find less saplings®@-150 cmin plots that have been visited

more frequently by red dee In this case, the old area would have lesslingp of 56150 cm. In
addition, thenumberof saplings of 550 cm in plots with a high red deer density will have decreased
more strongly since@L9, than plots with a low red deer densiAgain,l expectto see the greatest

effect on tree species prefred by red deer, and in plots with little deadwood.

Vegetation structure (SQ3J)expect that intermediate levels of browsing and grazing bydesst will

create a more heterogeneous emwvnment, with more variation in disturbance, and light and nuttien
availability. Because of this, some stems will stay short, while other stems can grow tall. | therefore
expect to find the highest variation indmble and tree sapling height and in braelaerial cover, at
intermediate levels oRPU

| also expect tdind a higher variation in bramble and tree sapling height in the old area, compared to
the new area.

13



2. Methods

For this thesis, | conducted a field study to assess the imphced deer on the vegetation in Het
Groene Woud. | repeated pigrof earlier research done by Tielemg@917)and Allen(2019) while
also collecting additional daththenprocessed these data and used them in a statistical analysis.

2.1 Research area

This research was based in the red deer ensledocated in The Mortelen & Scheeken nature reserve,
which les in the heart of Het Groene Wodidet Brabants Landschap, 2018t Groene Woud can be
OGNl yatlFiSR a WE¢KS DNBSYy C2NBailQeduggestsyt@B50@K © | 2 4
ha area of Het Groene Woud is not only magheof forest. The area is a cultural landscape that consists

of, mainly because of itggricultural history, a great variety of habitats including pasture, woodland,
marsh, heath, fens, aralso urban areafHet Brabants Landschap, 201®the Mortelen & Scheeken,

this landscape diversity is also driven by soil composition. Wet, loamy soils are covtbrddaeiduous

forest and rich meadows while coniferous forests #iettls cover thesandiersoils. Historically, all the
landowners required a piecef each habitat type, which has resulted in a landscape with many small
parcels of landHet Babants Landschap, n.dJhis mosaic landscape attracts a great diversity of flora
andfauna, and Brabants Landschap has been transforming the Mortelen and Scheeken into a nature
reserve gice the second half of the #Qcentury. However, the division diie landscape into lots of

small parcels also resulted in abrupt boundaries betweenithbliypes. As described in the
introduction of this thesis, this was one of the reasons for Brabaateléchapand ARK Nature to
reintroduce red deer in this area, abeise animals are believed to be able to increaegetation
structure, andhe gradualiy of the transitions between grassland and foréaRK Natuurontwikkeling,

n.d.).

In March D17, thirteen red deer were released in the reserve. At the time, the reserve consiséed
fenced area of about 300 ha, split by the A2 motorway. Areas on both sides of the highway are
comected through a fifty meter wide ecodu(ekler & Houben, 2018)in 2020, a new ecoduct over

the railway on the west side of the reserve was opgnexpanding the red deer enclosure by about
100 ha(figure 7; figure 8; ARK Natuurontwikkeling, 2020 urrently a total of 46 red deer (@ stags,

17 hinds and 12 calves) live in the ategether with rce deer, Aberdeen Angus cattle and numerous
smaller animalgpersonal communication, Bpants Landschap, 2021)

)|
jk.
\
\
\
\
\

Legend

— Area border
Old area
New area

e
A

Fgure 7 — Outline of the reddeer reservein Het  FHgure 8 — Ecoduct over the railway ithe red deer
Groene Woud Highlighted & the old area (blue). reserve in Het Groene Woud
and the nev area (pink).
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2.2 Plotselecton

Tielemans (2017) distinguished six habitat types in the red daelosure bramblealder, grassland,
oak-hazetalder, oak-poplarhaze| poplarhazelalder, and spruceWithineach habitatype, Tielemans
randomly distributed ten research plots of 20x&0 resulting in a total of sixty plots. The southwest
corners of these plots were marked by wooden poles and their GPS coordinates were saved. These
plots were remeasured by Allen (2019% dnly a few of the wooden poles remained, | only used their
GPS gordinates to locate these plots.

In addition to the original plots, | laid out new plots in in the expansion area of the reserve. For this, |
first mapped the different habitat types within this area, basedtbhe same habitat types used by
Tielemans (2017). The new are@yided mainly he same
habitat .types as the old aredlowever,spruce forestwas deer enclosure #Plotsdepictshow many
not assgned tp the new area, anq one new forest typg W research plots were placed inside eac
added: birch-pine forest As the size of the new @& is [ gpjtat
roughly onethird of the old area, twenty plots were Habi 2 . ey
distributed over the mw area. The new identified habita' o ltat : ocation ots
. . . . . . Birch- Scots pine New 5
type birch-pineforest received five plotswvhile the other five
habitat types received three plots. This resulted in a totaIB"r‘?1 mble- Aider _|Old & New 113
) L . Grassland Old & New 13
eighty plds throughout the entire reserve (TableHRigure9, Norway spruce  Old 10
Figure DA-G). QGIS was udeto randomly dstribute the 4,1 Hazel Old &New 13
new plots over the habitat types. The coordinates of eepider
plot are listed irappendixA. However, as GR&vices have oak— Poplar- Old & New 13
an accuracy of about 5 metefgan Diggein & Enge, 2015) Hazel
most plots were also marked by carving an arfohe tree Poplar—Hazel-  Old & New 13
closest to the southwest corner of the plot (Big 10H). This Alder

was done to guide future researchers to the right location.
NS

Table 1. Habitat types present in the rec

0 Legend

© Research plot
Habitat type
B sBirch-Pine
B Bramble-Alder
I Grassland
Bl Spruce
[] oak-Hazel-Alder
I Oak-Poplar-Hazel
[ Poplar-Hazel-Alder

wensanaid

1\‘\
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Figure9 —Map of the red deer reserve, with the lo¢en of the research plotsColoursdepict the different
habitat types.
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Figure D —Pictures ofthe sevenhabitat typesand the carvedarrow used to mark the souttvest corner
of each plot BirchPine plot 62(A), BrambleAlder, plot 52(B), Grasland plot 9 (C) Spruce, plot 28D),
OakHazelAlder, plot 23(E) OakPoplarHazel, plo60 (F) PoplarHazelAlder, plot46(G), Carvel arrowto
mark the southwest corner of a plgH).



2.3 Data collection

2.3.1 Field survey

Woody recruitment and vegetation structure was measured through a field suofeeach plot. This
field study was carried out between Februa@§" and April 3@, 2021 (appendix B)I repeated all
measurements done by Allen (2019), to provide Brabaatsdschamnd ARK Nature with continuous
vegetation data through time. However, at all data was used in this research. This paragraph
therefore orly discusses the measurements of data used in this thasigverview of all measured
variablesand thefield survey brm is given in appendix C.

Using the GPS coordinates provided byehelins(2017) | located the soutlwest corner of each plot,
afterwhichldzZi SR I O2YLJ daX NRLIS | yR & iithirGhch 20422 mMdt,N] § K S
| identified and counted all woody vegetation individuals taller than 150 cm. | also notedithber

of lying deadwood individuals with dimensions of at least 50%60xcm.

After this, | laid out five circles with a 2m radius, leaabdivided into four quadrantfigure 11). Within

these circles, | recorded the height and species of every woody plant individual under 150 cm and
wrote down if they showed signs of bremg. Besides the tree measurements, | also determined aerial
cove, height and browsing of bramble for eagbadrant within the circles. For the determination of
aerial cover, | followed the same method as Allen (2019) to ensure continuity of the datas In
method, it is assumed that bramble, other shrubs, commoihyosher graminoids, nettle, other forbs,

ferns, mosses and bare soil together always make up 100% of a quadrant, and that they do not overlap.
Bramble height was measured using the dbgc method(Stewart et al.2001) At thecentreof each
guadrant, | dropped a cardboard disc of a diameter of 30 cm onto the bralapde andnoted the

height at whichthe disc came to rest as the height of the layiggure 12). Evdence of browsing of
bramble was recordedybwriting down per quadrant if browsing occurred. See table 2 for a summary

of these variables.

20m

20m

Figurell —Layout ofthe 20x20m research plotand the Figure 2 — Drop-disc method To

five subplotswith a radius of 2mEach subplot is dividec measurebramble height, a cardboarc
into four quadrants(oriented to northwest, northeast, disc was dropped onto the vegetatio
southeast, and southwest). layer. On the measuring tape in the

centre of the disc, | coulthen read at
which height the disc came to restl?7
then noted this value as bramble
height in that quadrant.



Table 2- Variables measured during the field surveand usedin this thesis.A complete list ofvegetation
characteristicscollected during thefield survey includingvariables not usedn this research, is provided in
appendixC.

Scale Variable Unit  Method

20x20 plot # Tree species individuals > 150 cm - Count
# Lying deadwood - Count

Circle (r=2) within plot # Tree species individuals < 1&6 - Count
Height of tree individuals < 150 cm Measuring tape
Signs of browsing tree individuals < 1¢ - Visual assessment
cm

Quadrant within circle Height bramble cm Drop-disc method
Aerial cover bramble % Visual estimation
Browsing occurrencbramble - Visual assessment

2.3.2 Red deer area use

In previous studies on red deer dispersal in Het Groene Woud, GPS collar data weikllese@019;

Dekker & Houben, 2018Mowever, he collars that provided that information are no longer used since
2019. Consequently, there is no GPS data available on the space use of red deer in the new area, or
their space use in theld area during 2020 and 2021. In this study, | themrefused theGPS data, but

also placed camera traps to collect new data on the area use of red deer. In this way, the GPS data
functions as historic account of red deer area use, while the camera at@padifer a current image.

GPS data

When the red deewere releaed in the Groene Woud deer enclosure, two hinds and two stags were
put on a GPS colldbekker & Houben, 2018Between September 2018nd March P19, batteries
started tofail, and the collars came off. The dataset used in this research coradinsl of 59,464
data points(table 3).

Camera traps

Camera traps were used to record reléer presence in each plot. The 29 available trafie@s (table

4; figure 13 were randomly assigned to the first 29 plots, where they recorded animal presence for
three weeks. After three weeks, | moved the cameras to the next randomly selected 29 plots, and afte
again three weeks, the cameras were moved to theainmg plots In three session, | thus recorded

all plots for three weeks (appends}.

The cameras were set to take three 8MP photos when triggdrethe first session, the cameras had

a trigger inerval of0.6 £conds in the second and third sessidngchanged his to 3 secondsEach
OFYSNY gl a Ifaz afOKIORIALOR2 (124 G R ENIGRA YiBs 2 K2 dzNA
two hours of twilight in the evening, with an interval of fifteamnutes. This was done to increase the
chance of capiring red der, which are especially active during those hours. The exact times of these
time-lapse photos differed per session, matching changing sunrise and sunset.

All cameras were hung at knee gbt, approximately 70 cm from the ground. | placed taeneras in
the spot with the best view of the plot, usually in the sowtlst corner, with a diagonal view of the
north-east corner. The cameras never faced southward, to avoid overexposure by sunlight

Finally, before removing each camera, | performet-® | f WakcBRS® G QY L o+t 1SR | g1l &
camera, while stopping every two meters to let the camera take a photo of me. | did this until | reached
a distance of twenty meters. These walst photos were later used as an indication of the déimc
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distane of the camera. In this way, | could correct for the difference between camera models and the
variance in vegetation openness between plots

In total, 107,751 photos were taken by the cam&betweenlanuaryandMay 2021. This was around
the same time | onducted thefield surveys. The photos therefore represent recent area use by red
deer.

Table 3- Number of GPS data poirgt perindividual, of the Table 4-Number of cameras per modgl
red four deer tracked aftereintroduction in Het GroeaWoud. used to track red deer in Het Groene
Woud between Jaruary and May 2021

Collar ID Sex First month Last month Data Model # cameras
in dataset  in dataset points
22295 Hind March 2017 March 2019 20950 Bushnell core DS low 19
glow

22296 Hind  March 2017 February 19796 Browning Dark Ops 4

2019 HD Pro X Mode
22297 Stag March 2017 September 16493 Bushnell trophy 6

2018 camera
22298 Stag June 2018  October 2225 Bushnell 2

2019

Figurel3—Trailcameraattached to a tree
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2.4 Dataprocessing

2.4.1 Vegetation data

After | collected the data, | entered all field survey data in an Excel spreadsheet. From the raw data, |

then calculated the following variables at plot scale (see also &ble

Average hajht [cm], aerial cover [%] arlitowsing [%] of bramble

Total numler of adult trees (150 cm

Total number of saplings 50 cm)

Number of saplings per height class (<50 cra16Q cm, 104150 cm)

Number of alder, birch, bird cherry, hazel, oak, poplad eowan saplings per heightsls (<50
cm, 5:100 cm, 104150 cm)

f. The change in variablesea compared to 2019. This was calculated by subtracting ti® 20
value from the 2@1 value.

Standard deviation sapling heiglaim]

Standard deviation of bramblesight [cm]

i. Amount of lying deadood per plot, averaged for 2019221

® 20T

= Q@

LY FRRAGAZ2YS L dza SR Udcdde @0t defertninsifdhe fe@ deer shgwe$ & =
preference for certairiree species. | did this for each tree species of which a saplinfowad in the
research plots. JSI of speci@gas obtained according to the following formula:

L
in o qin
Where p = proportion ohabitat available, and r = proportion of habitat used. For examplgsp

Number of aldersaplings / total number of saplings, angkdi== Number of browsed alder saplings /
total numberof browsed saplings.

0 "Y'O

Finally, a variable showing the plot usgered deer was computed, as described in the next paragraph.

2.4.2Relative Plot Use by rei@er

To study the relation between red deer and vegetation, | computed a variable dadikdive Plot Use

by red deerfRPU as an indicator of the presence @&fdrdeer in the research plots. | calculated two
different RPUvalues per plot, one based ohdg GPS data and one based on the camera trap data. |
then combined both to obtain an averag Uper plot.

GPS data

To calculate thiNB R R S S Nitvoé theEPS data,dzigpped the datapoints in QGIS, together with
the researchplots. | then created a circular buffer around the plots with a diameter of 50 m and let
QGIS count all the GPS datane within that buffer. | used a diameter of 50 meteas, Allen(2019)
used a similar method and found that a 20 m diameter urAdgresented the presence of red deer,
while 50 m provided a more accurate representation. The number of data points withibuffers
were then used athe plot useby red deerof the acconpanying plot for the time period of 20312019

In this chapter | will refer to this variable as PU19.

Camera trap data
To calculate the(NS R R S S Niffora thd dangera trajrda$a, | Bt annotated the photos in the open
source online photerocessingi 2 2 € Y qBubnicki & al.(X216) Here, | classifiedll red deer

20

2 NJ



photos and noted the number of individuals per franv@hen less thafive minutes passed between
triggers, the photos were seen as the same red deer observation. In such a case, the frames were
grouped into one segence. For each sequencadted the maximum number of red deer individuals
observedat the same timein that sequence, which | then used as the number of red deer present in
the plot area during the entire sequence.

With these data, | calculated th@ot use (PUpy red deeffor plot i as follows:
v YQQQITYQ4 Q
v ©Ql Q6 Q8 QO @

Where Red deer is the total number of red deer observed in the plotr{timberof frames on which

red deer were observetimesthe maximumnumberof individuals visible in thesframes) Time is the
number of days during which the plot was studied and Visibility is the detection distance of the camera
in meters, as described in paragraph 3.3althis chapter | will refer to this variable as PU19

Combining GPS and camera tdapa

AsPUL9 andPL21 were calculated in different ways and are based on different data, the two variables
cannot be combined or compared directly. | therefore normali2ed9 and PU24eparately, so that
both variables were ranged between zero and ptereby calculatingtte Relative Plot Use (RPh)

red deer This was done according to the following formulas:

0 Fw | EDYFw
A ¥w | ED Fw

5¥p 1 ET o
i ADYp T EO0OYp

YO prw YO 8¢ p
Wheremin(PUL9)is the smallesplot usevaluefound within the 2019 GPS data, and max(PU19) the
largest valueWith this normalization formula, the plot with the smallest value receives a zero, the plot
with the highest value receives a oneydaallthe other plots are scaled in betweerelative to the
other plots in that periodEach plot thus receidgdwo separateRelative Plot Usealues, one for 2019
(RPU19) and one for 2021 (RPU21).

With these normalizedrelativevariables, | then caltated the averag&RPUover the two periods per
plot, as:

.~ YO PYw YO &
NG Y 9 c QYp

In this thesis, | will refer to this averageriadle simply asRPU.

Finally,RPUwas also turned into a categorical variabRPUCat. Thisvas done as some statistical
models were easier to interpret with atemoricalRPUnstead of a continuouRPURPUCat contains
three categories: LolRPU Medium RPU and HighRPU The boundaries of these categories were
based on the tertiles of th®&PUWdata, so that each category contains about géhid of the plots.

Tale 5 offers an overview of all variables used in this research.

Table 5-Variables used in the statistical analysi$ this research divided per subquestion.

Subquestion Variable Explanation
1. Area use RP21 Relative Plot Use by red deescaled fromD-1.
Based on photo data from 2021
RPU9 Relative Plot Use by red deescaled from €l.
Based on GPS data from 202019
Habitat Indicates in which habitat type thaot lies
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2. Woody recruitment Saplings Number of trees < 156min 2021, per plot
—0OlId vs new area
Location Indicates if the plot lies in the new or the old ar¢
Height class (HC) Indicates, per plot, how many saplings belong i
HC1 (660 cm), HC2(1-100 cm), or HC3 (16150
cm)
Species Indicates, per plot, how many saplings doe
one of the following species: alder, birch, bird
cherry, hazel, oak, poplar, rowan

Deadwood Average number of lying deadwood (>50x50x1!
cm) in 2019 and 2021, pefot
2. Woody recruitment Individuals Total number of trees in a plaboth < 50 cm
—2019 vs 2021 and > 50 cm
Stage Indicates if the tree individuas anadult tree (>
150cm) or sapling (450cm)
RPU Relative Plot Use by red deeer plot, averaged
for 2019 and 2021
nTrees Change in number of trees (adult & sapling)
between 2019 and 2021
nSaplings Change in number of saplings between 2019 a
2021
3. Vegetation Bramble height Average bramble height in 2021, papt
structure
Bramble cover Average aerial brambleover in 2021, per plot

n Bramble height = Change in average bramble height between 20
and 2021, per plot

n Bramble cover  Change in average bramble aerial cover betwe
2019 and 2021, per plot

Bramble browsing Average bramble browsing in 2021, peotpl

SD bramble height Standard deviation bramble height in 2021, per
plot

Sapling height Average sapling height in 2021, per plot

SD sapling height = Standard deviation sapling height2021, per
plot

2.5 Statistical analysis

To interpret the data, performed a statistical analysis. If this research would have been based on a
controlled design, where two areas shared the exact same conditions, except for red deer presence in
one area ad red deer absence in the other, it would be possible to direathasure the effect of red

deer plot use However, such a design was not possible within the timeframe of this research. |
therefore used various statistical models in which | alternatedanatory variables and | used the
combined results to deduce th&rR RSSNRA SFFSOG 2y (GKS @S3aSal A2y
RStudio (version 1.2.5019). If a significant interaction was identified, the model was analysed using a
type Ill sum of sgares, while type 1l sum of squares was used when no interactigrfouend. If | found

a significant effect of one of the explanatory variahlpairwise comparison of the means were
02y RdzO0 SR dzaAy3 ¢ dembeatpackays, Wesik 1,64 erihket ali, RE0)AI
variables named in the next paragraphs are explained in table 5.
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2.5.1 Area use

To research how the spatial use by red deer varies across the study area and how this has changed
since 2019, | used the following ANOVA model:

YOP Q¥ OO 0 TFOEDD |

Following thig L LISNF2NXYSR | { LIS N¥Y RyUDZEndRRANNGdirécilyA 2y G S
observe how the two variables relate to each other.

2.5.2 Woody recruitment

To research how woody recruitment is lirkéo the area use by red deer, | used two methods. First, |
compared woody recruitment in the new area with tbhél area. In a way, this mimics a controlled
design, wherghe new area functions as a control group, as red deer have been predbetatd aea

for a longer time than in the new areg&Second, | compagehe data | collected in 2021, with the data
Allen (2019) collected two years earlier and related the change in woody recruitment between these
two yearsin each plot to the averagePWalue d each plot.

Comparison of old versus new area

For the comparison of woody recruitment between the old and tieav area, | first tested if the total
number of saplings differed between the two areas, as observed in 2021. Since this is count data, |
used aPoisson regression model:

YO QD D OO QE ¢
As discussed before, there is no real cohgroup, so it is not possible to directly measure the impact
of red deer on the vegetation. | therefore expanded the model with various explanatory variables that
canindOl S GKS NBR RSSNRa Ay@2t gSYSyiod ¢KSwerg2f f 24 A
used:
Location * Height class
Location * Height classRP121
Location * Height class * Habitat

Location * Height class * Deadwood
Location * Height class * Species

®o oo

The relationship between these explanatory variables and the dependent vaGaiplagswas tested
using either a Poisson regression, or a gssson regression, depending on for which model the
statistical assumptions were met.

Comparison of years

For the comparison of woody recruitment between 2019 and 2021, | first tested if the total amount of
saplings differed between the two years. In the same model, | tested if the total amount of adult trees
differed between the two years. This was done tedhif the two datasets are comparable. If a
significant change in adult treegas2 6 8 SNIWSR>X Al ¢2dz2Z R 6S | &aiady 27
(2019) data and the recent data, as it is not expected thatiinaber of adult trees changes a lot in

just twoyears. This led to the following linear model:

Yi XQDQBTYO0 00"QQ
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Where stage is either adult (> 150 cm), or sapling (< 150 Ictingn tested how the change in tree
individuals between yeansas influenced byRPUwith the following linear model:

Y'Y QYo zOkD Y
As woody recruitment is the mainterestof this subquestion, | then continued the research with only

change in saplings< 150cm) as dependent variable, excludindut tree individualsJust asvith the
comparison of areas, as described before, | used a simple linear model:

YYOR & Q00D a i i
Which | then expanded with the following combinations of exjpltory variables:

a. Height class RPU
b. Height class * Habitat
c. Height class RPUCat * Deadwood

Finally, the change in saplings was specified for each of the seven dominant tree species: Alder, Birch,
Bird cherry, Hazel, Oak, Poplar, and Rowan. | then asi@tkar model to test how this emge is
influenced by both Height class aR#PU

Y'YH Q00 Q @B & ¢3{YiD Y

2.5.3 Vegetation structure
To test how vegetation structure in the ar@asinfluenced by red deer, | uselree approaches.

First, to get an overall view changes in bramble abundancy, | used and AigaAto compare the
height and aerial cover of bramble of 2017 (Tielemans, 2017), 2019 (Allen, 2019) and 2021. This was
not done for sapling height, as the historical data on this variable was not readily available.

Second | performed linear regressiotests with RPUas explanatory variable and the following
dependent variables:

Bramble height
Bramble cover
nBramble height

n .ahble cover
Bramble browsing
SD Bramble height
Sapling height

SD sapling height

SQ@ "0 o0 Ty

Third, | compared the vegetation structure in the old area with the new area. For this, ANOVA models
were used, with Location as explanatory variable andftfiewingdependent variables:

Bramble height
Bramble cover
SD Bramble height
Sapling height
SD Sapling height

®o 0T
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3. Results

This chapter summarizes the main results of this study. Full results efdlisticaltests are presented
in appendiD.

3.1 Area use

The Relative Plot Usky red dee(RPU of each plot is shown in figufi@. During the collection period
of the GPS andamera trap data, red deer made use of various parts of the reserve. Tineraarap
data shows that the animals have also been using the new area extensively. WREtt=n be linked
to habitat type and howrRPU9 andRP21 are related, is discussedthre next paragraphs.

Legend
| RPU 2021

o 0
O 0-0.0036
O 0.0036 -0.0214

| O o0.0214-0.0644

O 0.0644 -1

RPU 2019

Oo

O 0-0.025899

© 0.025899 - 0.073381
@ 0.073381 - 0.155396
@ 0.1553% -1 :

Habitats

I Birch, Scots pine
I Bramble, Alder
[ Grassland

I Norway spruce
[] Oak, Hazel, Alder
Il Oak, Poplar, Hazel
[ Poplar, Hazel, Alder

Figurel4 — Relative Plot Use (RPUH 2021 and 2019per research plot in the red deer reserve in Het Groene
Woud. The size of a circle depicts the RPU21 of that plot, where a bigger size means a higher plot use in 2021.
The colour of a circle depicts the RPU19 of that plot, where a darker red meansea plighuse in 2019. To
generate this picture, both RPU21 andlRB were divided into five equal parts, or quintiles. The boundaries of
each quintile are shown in the legend, note that these differ between RPU21 and RPU19. The coloured surfaces
depict thedifferent habitat types.

3.1.1 RelationshiRPUand Habitat tpe

ANOVA results indicate th&PUsignificantly differed between habitats (F(5,104) = 3.57 p<0.01), and
between years (F(1,104) = 12.66, p<0.01). Theeno significant interaction betweeHRlabitat and
Year (F(5,104) = x, p=0.45). This shows that, whalenedianRPUwas higher in 2019 than in 2021
(figure x), the distribution oRPUover the different habitats was similar for the two years. There is,
however, an observed difference RPUbetween the two years. MeaRP21 per plotis 0.07, while
meanRPULY is 0.17, almost 2.5 times higher.
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Pairwise comparison of the means RPU9 andRPI21 together showed that meaRPUn the Oak
hazelalderhabitat was significantly higher than in tBeamble-alderhabitat (p=0.02) an®akpoplar
hazelhabitat (p=0.02figure 15). One difference between th®akhazetalder habitat and the other
two forest types is that the research plotsQrakhazetalderforests contained a relatively high amount
of adult rowan, oak andbirch trees figure 16A), and a relatively high amount of rowan saplings
(FigleB. Although no significant difference betwegrasslandand other habitats was found, the data
do indicate that in both years red deer did not only predaik-hazelalder, but alsoGrasslandhabitats.

In 2021, red deer were also more often found in spruce habitats thathier forests figure 15).
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Figure15 — Relative Plot Use (RPU) by red deper habitat type, as found in period 201@nd period 2021.
Perbd 2019 (blue) isneasured with GPS data on four red deer, between march 201 Datwber 2019. Period
2021 (yellow) is measured with camerap data, measured betweedanuaryand May 2021The figure shows
that, in both periods, the highest RPU wasrfidin grasslands and OdkazelAlder forests.
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Figure16 — Distribution of tree species over thehabitat types as found in the field survey of 202Foradult
trees & 150cm) (A), and splings(< 150cm) (B). Different colours depict different trespecies.
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3.1.2 RelationshiPW9 andRP121

Fgure17shows that plots with a higRP19, are different plots than the ones with a hig#P21. Still,

rSadz Ga 2F {LISIENXIyQa O2NNBf I (A RBU9 ankRPR1 (k(56) .32 A A U A O
0.3, p=0.01).

S g
IS =3

Relative Plot Use by red deer in 2021 (RPU21)
=)
i

s
FL o

o
=3

0.00 075 1.00

Relativnezlglut Use by risndeer in 2019 (RPU19)

Figurel7— Correlation betweenRelative Plot Use by red deer in 2019 (RPU19), en2021 (RPU21)Yhe 95%
confidence interval is depicted grey. Note that this figure only show$U values of plots in the old area, as red
deer were notyet present in the new area when RPU19 measurements took place.

3.2 Woody recruitment

The number of saplings found during this study and that of Allen (2019) is shown inXgureboth

2019 and 2021, an important part of the woody recruitment was tedan the northeast corner of

the area. In 2021, the new area also accounted for gelashare of the saplingSaplings were found

in all habitat types, but only ongrasslandplot contained saplings: in the quadrants in plot 73, four
willow and two birt saplings were foundill species of which saplings were found are shown in table

6, together with JSI, a measure of preference by the ungulates in the area. How woody recruitment
differed between the old and the new area, and how it differed between 20492021, is discussed

in de next paragraphs.

Table 6-Sapling(trees < 150 cm3peciesmost sekcted for by herbivores in the Groene Woud deer enclosure,
a4 RSGSNNAYSR (KNPR dzAK WhekeShetothl duhbetdBisapfin§ridiSiduasietofded (MR S E ®
is1472¢ KS WI 020 Qa { St SOUGABRINGYR)SENYINEL2XDNtpINJzE | G SR | &

Species Total number recordedn Total number individuals Jacob’' s Sel e
2021(p) browsedin 2021®
Hornbeam 1 1 0.63
Poplar 23 20 0.60
Alder 32 22 0.51
Elderberry 3 2 0.49
Hazel 67 38 0.45
Alder buckthorn 2 1 0.37
Birch 83 32 0.27
Rowan 240 70 0.14
Bird cherry 732 150 -0.11
Unknown 6 1 -0.16
Hawthorn 59 1 -0.87
Sycamore maple 219 1 -0.97
Ash 1 0 -1.00
Norway spruce 1 0 -1.00
Oak 3 0 -1.00
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Figure18 - Distribution of saplingg< 150 cm)n 2011 and 2019er research plot in the red deer reserve in
Het Groene WoudThe size of a circle depicts thember of saplings in 2021 withthat plot, where a bigger
size means higher number The colour of a circle depicts thember of saplings in 2019 withihat plot, where

a darkergreenmeans a highenumber. To generate this picturéhe number of saplings per plot in 2021 and
2019 were both dided in to five equal parts, or quintile¥he boundarie®f each quintile areshown in the
legend, note that these diffenetween 2021 and 2019 he coloured surfaces depict the different habitat types.

3.2.1 Difference in woody recruitment between the old and the new area

The difference in woody recruitment between the old and the new area was tested through a
generalized Poisson model. The results show that, in 2021, the mean number of spplimpistin

the old area desnot significantly differ from the mean number séplingsper plotin the new area (p

= 1.00itable7; figure 19)

Figure19—Number of saplings per plot
in the new and the old areaas foundn
the research plotsduring the field
401 surveyin 2021. Here, saplings are all
trees below 150 cm. Theew areais
depicted in blue, and the old area in

30 _ yellow.
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Table 7—Statistical results from the generalized linear modelsed to compare woody recruitment in the old
and new areaOnly significantelations(p >0.05)are shown. In the case of a significanteirgction between
predictors,significantmain effects of individual predictors are not shov8eeappendix Cfor an overview of all

results andsee table 5 for the definitions of all variables.

Model Model type Predictor(s)
Saplings- Location QuasiPoisson No significant
effect
Saplings ~ Location * HC Poisson, with Location:HC
outliers
Poisson, without Location:HC
outliers
Saplings ~ Location * HC * QuasiPoisson Location:Habitat
Habitat
Saplings ~ Location * HORPU  QuasiPoisson HC
Saplings ~ Location * HC * QuasiPoisson HC
Deadwood
Deadwood
Saplings ~ Location * HC * QuasiPoisson Species
Species
HC

Influence of Height class and Location

Height class (HC) and Location significantly interact (p<0.001; Tghkleus the number of saplings

p-value

< 0.001
< 0.001
< 0.001

< 0.001
< 0.001

0.02
<0.001

< 0.001

X?-value

35.63

15.93

2160

26.94
32.02

5.52
287.26

71.78

differs per height class and that this distribution over height classes differs between the areas. How
exactly this diférs depends, however, on the indlth 2y 2 NJ SEOf dzAA 2y

distance, plot 28, 68 and 78 were identified as outliers.
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In the model with outliers, the mean number of saplings significantly differs per height class, in the

new area as @il as the old aredigure 20A). Pairwise comparison of the means showed that in both

areas, the mean number of saplings in HC1 is higher than in HC2 (p<0.001), while the mean number of

saplings in HC2 is higher than in HC3 (p<0.01). Furthermore, the meaver of saplings in HC1 is

higher in the old area than in the new area (p<0.01), while the mean number of saplings in HC2 and

HC3 is higher in the new area (p=0.02 & p<0.01, respectively).

In the model without outliers, a similar trend is visible whére mean number of saplings deases

as the height class increasdigre 20B). However, pairwise comparison of the means showed that

this is only significant in the old area (p<0.001), while in the new area, the mean number of saplings

per height clasdoes not significantly differ (p 0.32). In addition, the mean number of saplings in HC1

is higher in the old area than in the new area (p<0.001), but the mean number of saplings in HC2 and

HC3 is not significantly different between the two areas (pO&)l.
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Figure20—Relaion between height clasand thenumber of saplingsin the new and the old aregasmeasured

in the field survey in 2021In case of the model with outlief@®), and without outliers (plot£8,68,78)(B). In
both figures,the new area is depicted iblue, and the old area in yellgwhiskers show the 95% confidence
interval. Height class 1 includes saplings) cm, height class 2 includes saplings ef@1 cm, and height class 3
includes saplings of 1a150 cm.Differentletters distinguish groups with significantly different meapstQ.05)
according tot dz] S$netkod.

Influence of Height class, Locatemmd RP121

No significant interaction is found betwed®P|21 and Height class (p=0.90)RIPUand location (p =
0.96; Tabler). The results also show that there is no significant neffiect of Location (p = 0.80) or
RPU(p=0.26). Onlyheight class signifeatly affects the mean number of saplings in this model
(p<0.001). Even though there is no significant effedRBf21 on the number of saplings, figugd
does indicate a negativeend between the number of saplings aRdP21.

Height class 1 Height class 2 Height class 3
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Location == New Old

Figure21 — Relation betweenRelative Plot Usén 2021(RP21) and number of saplingsper plot, in the new
and the old areafor each height classas measuredh the field survey in 2021n the figure the new area is
depicted in blue, and the old area in yellpand the 95% confidence interval is depicted in gidgight class 1
includes saplings <50 cm, height class 2 includes saplingsl®05dm, and height class 3 includes saplings of
101-150 cm.
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Influence of Height class, Location and Habitat

Habitat and Location significantly interact (p<0.001; Tat)lehus the number of saplings differs per
habitat type and that this distribution over habitat types differs between areas. There is no significan
effect of Height class (p=0.77). Plots witldinchpine or Sprucehabitats were not included in this
model, as these habitat types only occur in either the old or the new area. The raw data show that de
median number of saplings in tl@akhazelalderand OakPoplarAlder habitats is higher in the new
area, while the median number of saplings in tBemblealder and Poplarhazetalder habitats is
higher in the old area (figur22A). The statistical analysis shows, however, no significant difference in
mean number of saplings per height class between the different habitat types (Valigure 22B).
Pairwise comparison of de messhows that the only differencexistsin HC1lsaplingsbetweenthe

new and old area, in th®akhazelalderhabitat.
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Figure22 — Relation between height clasand number of saplings per plot in the new and the old ardar

each habitat typeas measured in the field survey in 2021. Shown are the raw(@gtand the results from the
Poisson regressiofB). In both figures,the new area is depicted in blue, and the old area in yellaviskers

show the 95% confidence intervddeight class 1 includes saplings <50 cm, height class 2 includes saplirgs of 51
100 cm, and height class 3 includes saplings of1Blilen. The habitattypes Spruce and BirdRine were not
included in this figure, as these are not present in bartbas.In figure B, dferent letters distinguish groups with
significantly different meang(#).05)according tat dz| $nétlbd.Also in figureB, a vertical line without mean

point depicts zero individuals found of that species within that height class.

Influence of Height class, Location and Deadwood

No significant interaction is found betwe the average amount of lying deadwood and Location (p =
0.77), or between Deadwood and Height class (p = 0.81; Tallbe results also indicate no significant

main effect of location (p = 0.44). There is, hoar\a significant main effect of Deadwo@u=0.02),

and Height class (p<0.001), as the mean number of saplings in HC1 significantly increases as the
amount of lying deadwood increases (figlt8). Deadwood does not significantly affect saplings in

HC2 anHC3.
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Figure23—Relation betweenthe average amount of lying deadwood per ploandthe number ofsaplingsper
plot, in the new and the old areafor each height clagssas measured in the field survey in 20R1the figure,
the new area is depicted inlue, and the old area in yellow, andet®5% confidence interval is depicted in grey.
Height class 1 includes saplings0<cm, height class 2 includes saplings e18@ cm, and height class 3 includes
saplings of 10150 cm.Lying deadwood per plot was averaged for 2019 and 2021.

Influenceof Height class, Location and Species

No significant interaction is found between Species and Location (p = 0.46), or between Species and
Height class (p = 0.32; Taldle The results also indicate no significant main effect of Location (p=0.23).
There ishowever, a significant main effect bbth Height class (p<0.001) and Species (p<0.001; Fig.
x). Pairwise comparison of the means show that the mean number of Bird cherry saplings is higher
than that of Birch, Hazel and Rowan (p<0.001, p<0.001, p<0.$deatvely). In addition, the mean
number of Bird cherry saplings in HC1 is higher than in HC2 and HC3 (p=0.05).

Finally, comparison of the means show that the mean number of oak saplings is lower than that of all
other species (figur4). However, thesalifferences are not significant due tlarge confidence
intervals.
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Figure24— Relation between height clasand number of saplings per plot in the new and the old area, for
different tree speciesas measured in the field survey in 20Zhe new areasi depicted in blue, and the oltea

in yellow, whiskersshow the 95% confidence intervaHieight class 1 includes saplings <50 cm, height class 2
includes saplings of 5100 cm, and height class 3 includes saplings oflB@il.cm.Different letters distinglish
groups with significantly iferent means  X0.05)according to¢ dz] Srittadl. Furthermore, a vertical line
without mean point depicts zero individuals found of that species within that height class.
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3.2.2 Difference in woody recruitment between 2019 and 2021

The differencein woody recruitmet between 2019 and 2021 was tested through a general linear
model. Between 2019 and 2021, the mediaumber of adult trees (3150 cm) increased, while the
median number of saplings (<150 cm) decreased figure 25). However, these changes were not
signifiant (p = 0.97; Tablg).

100
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Stage
50 BS Adult
El Sapling

Tree individuals

25

2019 2021
Year

Figure25—Mean number ofsaplings and adult treeper plot, as measured i2019 and 2021Here, adult
trees are > 150 cm (blue), and saplings are < 150 cm (yellow)

Table 8- Statistical results from the general linear modelsed to compare woody recruitment in 2019 and
2021 Only significant relations ({.05) are shown. In the case of a significant interaction between predictors,
significant main effects of individual prietbrs are not shownSeeappendix Cfor an overviewof allresults and
see table 5 for the definitions of all variables.

Model Model type Predictor(s) p-value F-value
Individuals ~ Year * Stage Linear Year <0.001 26.72
ChangeTrees RPU* Stage Linear RPU <0.01 8.37
ChangeSaplings ~ HRPU Linear HC *RPU 0.02 3.97
ChangeSaplings ~ HC * Habita Linear Habitat <0.001 7.80
ChangeSaplings ~ H®RPUCat Linear HC *RPUCat 0.02 3.03
* Deadwood
ChangeAlder ~ HCRPU Linear No significant

results
ChangeBirch ~ HCRPU Linear No significant

results
ChangeBirdCh ~ HGRPU Linear HC <0.01 4.79

RPU 0.01 6.70
ChangeHazel ~ HORPU Linear HC <0.01 5.18
ChangeOak ~ HCRPU Linear HC *RPU <0.001 446
ChangePoplar ~ HCRPU Linear RPU 0.04 4.27
Chang&owan~ HC *RPU Linear No signifcant

results
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Influence of Stage arikPU

There is no significant interaction between Stage &Rlthat influences the change in trees (p=0.31;

table 8). The results also show no main effect of Stage on the change in trees (p=0.61), thus the change
in adult trees (> 15@m) and in saplings (< 1%8n) do not significantly differ. There is, however, a
significant main effect oRPU(p<0.01), where the difference in trees becomes more negativieRid
increases (Fig. 193PUlhas a stronger effect on sapdjs than on adult trees, even though no significant
difference is found between the two categoridigy(re 26.

Influence of Height class aRPU

The test from the previous paragraph was repeated, but now with only saplings, which are divided
into three height classes. This test shows that there is a significant interactioedeRPUand Height

class (0.02; tabl®). Figure27 shows that the difference in saplings becomes more negativieRid
increases, mainly with saplings in HC1. Pairwise compaasthe means shows that the trend is
significant for HC1, but not for HC2 ad@3 (table).
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Figure 26- Relationbetween Relative Plot Uséy Figure 7 —Relation betweerRelative Plot Use by
red deer (RPU)and changein adult trees and red deer (RPU)and changein saplings per plot
saplingsper plot, between 2019 and 2021Adult between 2019 and2021, for each height class
trees are > 150 cm (blue), and saplings are < : Height class 1 includes saplings <50 cm (blt
cm (yellow) The 95% confidence interval i height class 2 includes saplings of-BXD cm
depicted in greyChange in trees wasiculated by (yellow), and height class 3 includes saplings
subtracting the 2019 value from the 202alue. 101-150 cm (red). The 95% confidence interval

depicted in greyChange in saplgs was calculated
by subtracting the 2019 value from the 2021 valu

Influence of Height class and Habitat

There is no significant interaction between Height class and Habitat (p=0.20), or a significant main
effect of Height clas (=p=0.09; Tabl8). There is, however, a significant main effect of habitat
(p<0.001), thus the mean difference in saplings betw28t9 and 2021 varies between habitats.
Pairwise comparison of the means shows that the change in saplin@akihazetalder habitats is

more negative than iBprucehabitats (p=0.02), but that other habitats do not significantly differ from
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each other. Havever, figure28 shows that median sapling differences lie lower in @akhazetalder
habitats than in most other hakits. Plots irBirchpine habitats were not included in this model, as
there were noBirchpine habitats in the 2019 data.
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Figure28 - Relation betweenhabitat and changdn saplingsper plot between 2019 and 2021for each height
class Height class Includes saplings < 50 cm (blue), height class 2 includes saplingd @® sin (yellow), and
height class 3 includes saplings of 4IGBD cm (red). The habitat type Birtine is not included in this figure, as
this habitat type was not prent in the vegeation survey of 2019Change in saplings was calculated by
subtracting the 2019 value from the 2021 value.

Influence of Height clas’®PUand Deadwood

In the model with Height clas&PUand Deadwood as predictors, there is a significateraction
between Height class an@®RPU(figure 29 Table8). There is, however, no significant effect of
Deadwood.
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Figure29— Relation betweenthe average amount of lying deadwood per plot, and the change in saplings per
plot between 2019 and 2021, fahree levels ofRPUHeight class 1 includes saplings <50 cm (blue), height class
2 includes saplings of 8100 cm (yellow), and height class gludes saplings of 16150 cm (red). The 95%
confidence interval is depicted in greyying deadwood per plot was averaged )19 and 2021Change in
saplings was calculated by subtracting the 2019 value from the 2021 YaweRPU lies belod.038 Medum

RPU lies between 0.03811, High RPU lies between 0:0.52.

Influence of Height class and Species

Table9 shows how lhe number of saplings of the most dominant tree species in the old area changed
between summer 2019 and spring 2021. The total amount of saplings declined, resulting from a decline
in alder, hazel and oak individuals. On the other hand, theas an increse in saplings of birch, bird
cherry, poplar and rowan.

Table 9— Change in number of saplingsf the most dominant tree species between 2019 and 20ZMotal
change is given, as well as change per height class (HC). Height class 1 includgs<§#pcmheight class 2
includes saplings of 5100 cm, and height class 3 includes saplings of1Bllcm Decreases in numbers are
marked red, increases in numisare marked green, andnchanged number are marked blue.

Species No. 2019  No.2021 Change Change Change Change
total HC1 HC2 HC3

Alder 67 14 -53 -21 -26 -6

Birch 39 50 11 18 -7 0

Bird cherry 140 487 347 254 61 32
Hazel 312 52 -260 -61 -141 -58

Oak 308 2 -306 -289 -13 -4
Poplar 19 22 3 -6 3 6
Rowan 150 167 17 46 -28 -1

Total 1035 794 -241 -59 -151 -31
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The relation betweerRPUand change in saplings differs per specfagi(e 30). In the case of alder,
birch and rowan, there is no significant effectRPUor Height clasdigure 30A,B,G).

The change in bird cherry saplings significantlgites to both Height class afPU Here, the change
in saplings becomes more negativeRRBUnNcreases, with the strongest effect in HEigre 30C).

With hazel saplings, there is a significant difference effect of Height class, but no relatioRRtith
(Fig.figure 3M). In the case of oak saplings, there is a significant interactiondest®PUand Height
clasHfigure 3@E). Saplings in HC1 strongly declinRB&increases, while the difference in saplings of
HC2 and HC3 remains relatively stable.

Lastly, there is a significant effect BPUon the change in poplar saplings, where fohaight classes,
the change becomes more positiveRRBUncreasesfigure 30F.
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Figure30— Relation betweenRelative Plot Use by red deéRPU)and changen saplings per plot between 2019 anc
2021, per height class, for tree species separat€panges are shown for ald@k), birch(B), bird cherry(C) hazekD),
oak(E) poplar(F) and rowan(G) In allsukfigures,height class 1 includesaplings <50 cm (blue), height class 2 inclut
saplings of 54100 cm (yellow), and height class 3 includes saplings 613%0Xm (red). The 95% confidence interval
depicted in greyChange in sdimgs was calculated by subtracting the 2019 value ftoen2021 value.

3.3 Vegetation structure

Two ANOVA models were used to provide a general view of changes in bramble height and cover
between 2017, 2019 and 2021 (taldé). Bramble height significantly differed between years (figure
31A), while no significant differencgas found for bramble covéfigure31B). Pairwise comparison of

the means showed that mean bramble height in 2017 was significantly higher than in 2019 (p=0.04),
but that mean bramble height in 2021 did not significantly differ from that in 2017 (p=0002019
(p=0.97). HowRPUis related to vegetation structure, and how vegetation structure differs between
the old and the new area, is discussed in the following paragraphs.
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Table 10 — Statistical results from theANOVA models used to analyse how bralatheight can aerial cover
changed between 2019 and 2023ignificant results are marked greem.05), insignificant results are marked
red (p > 0.05). Sesppendix Cfor an overview of all results, ardble 5 forthe definitions of all variables.

Response Predictor Model type Slope p-value F-value
Bramble Height Year Linear -6.77 0.02 3.75
Bramble Cover Year Linear -4.92 0.71 0.35
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Figure31 — Brambleheight (A) and aerial cover (B) found in the vegetation surveys in 2017, 2019 and 2021.
2017 data are depicted in blue, 2019 data are depicted in yellow, and 2021 data are depicteédVfakges are
only for the old area, as the new area was not measured in 2017 and 2019.

3.3.1 Influence oRPUbn vegetation structure

The results of the linear models testing for the relation betwdeRUand the vegetation structure

variables, are sumnmized in tablell. A highelRPsignificantly correlates with lower bramble height,
bramble cover and sapling heigliiglre 32A,B&D. The variation§D) inbramble height declines as
RPUncreases, but this trend is not significafig(re 320.

Table 1l —Statistical results from the linear models used to analyse the relationship betw&atative Plot Use
by red deer (RPUand vegetation structurevariables.Significant results are marked green){0.05),results
close to the significant threshold anearked orange (p=0.06), amasignificant results are marked red>¢®.07).
Seeappendix Cfor an overview of all results, and table 5 for the definitions of all variables.

Response Predidor Model type Slope p-value F-value

Bramble Height RPU Linear, sqrt -6.77 <0.001 12.90
transformed

Bramble Cover RPU Linear, sqrt -4.92 0.02 6.05
transformed

Change Bramble Height RPU Linear -19.53 0.32 1.01

Change Bramble Cover RPU Linear -25.54 0.12 2.51

Bramble Browsing RPU Linear 1.51 0.96 0.00

SD Bramble Height RPU Linear -2.88 0.06 3.76

Sapling Height RPU Linear -66.39 0.03 5.18

SD Sapling Height RPU Linear 7.06 0.53 0.40
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Figure32 — Relation betweenRelative Plot Use by ik deer (RPU)and various woody vegetation structure
variables Bramble height(A), bramble covel(B), standard variation in bramble heigl€) and sapling height

(D). Here, saplings are all tree individua850 cm.The 95% confidence interval is depitte grey.Vegetation

data iscollected inthe vegetation survey in 2021, RPU is the average value of relative plot use by red deer in
2019 and 2021.

3.3.2 Difference between the old and the new area

The results of the linear models testing for thedation between location and the vegetation structure
variables, are summarized in tabl@.1Bramble cover and sapling height both significantly differ
between the old and the new area. Mean bramble cover is 13.2 percent point higher in the old area
thanin the new areaf{gure 33). Mean sapling height, on the other hand, is higher in the new area
(figure 34). Mean sapling height in the new area is namely 74 cm, while it is 54 in the old area.
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Table P — Statistical results from the linear models used tanalyse the relationship betweerlocation
(old/new area)and vegetation structurevariables.Significant results are marked greenX¥.05), results close
to the significant threshold are marked orange (p=0.06), and insignificant results are markedy@d (). See

appendix Cfor an overview of all results, and table 5 for the definitions of all variables.

Response Predictor
Bramble Height Location
Bramble Cover Location
SDBramble Location
Sapling Height Location
SD Saplings Height Location
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Figure 3 — Relation between location and
bramblecover. Measured in the vegetation surve
in 2021,in the new area (blue), and the old are:
(yellow)

Model type
Linear
Linear
Linear
Linear
Linear

p-value F-value

0.40
0.05
0.58
0.03
0.30

0.71
3.99
0.31
4.91
1.11

Sapling height [cm]
=
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Figure 3l—Relation between location angdapling
height. Here, saplings are all tree individu2#&50
cm.Measured in the vegetation survey in 2021,
the newarea (blue), and theld area (yellow).
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4. Discussion

In thisthesis | studiedhow woody recruitment and vegetation structure are linked to area use by red
deer, in the Groene Woud deenclosure While the research desiguf this studywasnot suitable to
demonstrae any ausalrelationshipsbetween red deer and vegetation properties, the broad-gpt

did provide various insights in the natural processes that take place in Het Groeng. Wuoeiresults
can thus be used as a starting point for further research, as weth @sint out some aspects to
considerwhen managingdet Groene Woud.

Thecamera traps anGPSollars recordeded deer throughout the reserve, btite red deer showed

a preferencefor grasslands and odkazelalder forests. This coincides with thR S SN & RA SO

preferences, as grass, oaks, and rowans weramony presentin these habitat types.

The statistichanalysis provided severaldications of red deer influencing woody recruitmehrt.the

old area, nore saplingbelow 50 cmwere presentthan in the new area, while both areas contained
about the samenumberof saplingswith heights of 53100 cm, and 10150 cm This suggests that in
the old area, a smaller proportion of the saplinggdow 50 cmhave grown to higher height classes.
This isan indication of a demographic bottleneck, meaning that red deer might have caused the
saplings to stay below 50 cmtihe old area. While this pattern is generglhgsentin the old area, the
deerQ Bmpact on saplings differs betweetiee species. In th case of oak saplings, the number of
saplingsbelow 50 cmhas strongly decreased, especially in plots wHegkative Plot Use by red deer
was high. There arseveralexplanations for the different tree species responses. For example,
regeneration of ak saplings might be low due to the foraginged deeron acorns.

The results showed nsignificant interacting effect of red deer and lying deadwood on the change in
saplingsAs no natural predator of the red deer is currently present in het Groenadjibcould be

that red deerdo not avoid escape impedimesn and thus still browse on saplings nedgad tree
trunks.

Bramble height has been stabbetween 2019 and 2021but | foundno clear substantiation for the
involvement of red deer in this press. Neither did find an effect of red deer on bramble sapling
structure.

The researckd grassland plots contained hardly any woodscruitment or woody vegetation
structurex g KA OK YAIK(G NBadzZ G Foedidly ini coBbinddidhRih dthdrS NI &
pressures, like mowing practices.

4.1 Area use

BEven thoughRelative Plot Use of 2019 and 202differed on plotlevel, both variables provided the
sameoverallview, as the dispersion of red deer over different habitat types did not significdiffey
between years. In both yearsed deermade use of the entire reserybut preferred oak-hazetalder

forests andgrasslang (figure 15) Compared to the other broaldkaved forests, thevak-hazetalder

forests contained in 2021 a lot of adult rowargk and lirch trees, as well as rowan saplings (figure
16A&B. Basedon the calculatedWl O2 6 Q& { St SO, At 2Bsysurprish@ S&t red dekro S
preferredoak-hazetalder forestsasthe low scores of rowan, oak and birch treseggest that red der

did not prefer to feed on these specigdowever these results might be influenced liye relatively
smallnumber of saplingghat wasfound. Especially in the cas# oak saplings, of which | observed

only three individuals during ghfield surveythet 2 6 WI 0206 Q& { St S GofirapPeyentL Yy RS E

actualavoidance by red deein fact, earlier studiesdo indicate adietary preference forrowan, oak
and birch trees (table 1). In addition, persomdservations of Allen (2019nd mine showed that
Rowan was the most commonly debarked tree species (figbxeThis explains why, even during the
winter months,red deeroften visited oak-hazelalderforests. Thathe deershowed a preference for
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grasslandss well,is also in line with expectations, gsass is an important food source of red deer,
especially during wintefCornelissen & Vulink, 189Dumont et al., 2005; KrojerosRiokesova et al.,
2010; Storms et al., 2008)

To answer subquestion 1, this study showed that, since their reintroduction in 2017, red deer have
made use of the entire reserve, but showed a preference for grasslartisakhazetalder forests.

This prefeence did not significantly change between 2019 and 2021.

, 4’ 4 v
Figure35 — Forest stand in Het Groene Woud, where all rowan trees
are debarked.

4.2 Woody recruitment

4.2.1 Saplings and height classes

In 2021 there was no significant difference in the &tamount of saplings between the old and new
area, but thenumberof saplings per height class did vary between the two locations. The difference
between figures 20A and20B shows that including or excludinbet outliers (plots 28, 68 and 78)
heavilyinfluences the results.| will therefore draw conclusions from th@ost cautiousmodel, the
modelwithout outliers. That model shasithat in both the new and the old arelgight class 1150

cm) containedhe highest number of sapling§’he mean number of géingsbelow 50 cmwas also
significantly higher in the old area, compared to the new area. Furthermbeshtimber of saplings
decreasé as the height class increaseWhile this seemm to have occurredin both areas, this
difference was only significant the old area. These data thus indicate that something in the old area
causel a relative increase of saplingélower than 50 cmwhile thispattern wasless apparent in the
new area.

Red deer browsing can be the driver of this difference. In the sbofdRenaud et al(2003) the
preferred foraging height of red desevasbetween 50150 cm, matchingpeight class 2nd 3 of my
research. KuijperCromsigtet al., (2010)also found that the amounbf saplingstaller than50 cm
decreased when red deer were present, while the amount of saplings below 50 cm remained equal, or
increased. Possibly, reagér in Het Groene Woud also select ttadler saplings, shortening them by
browsing. This then resdtin more saplingwer than50 cm and less saplingsigher than50 cm

That this patternrvas more apparent in the old area, where red deer have beemwbitg for a longer
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period of time, indicates that red deer browsing can indeed be the cause of thguahdistribution
between height classes.

Other tests, however, seem to contradict this conclusion. If red deer cause an inaksaplings
lower than 50 cm one would expect to find that their favoured habitatakhazetalder forests,
contained moresaplingsbelow this heightin the old area, compared to the new area. However, in
these forests the opposite was found to be true (fig@2B. The comparison of woody recruitmeir
2019 and 202also providedesults opposinghis pattern.Here, an inagase irrelative plotcorrelated

with a decrease in saplingsnaller than 50 cnffigure 27). This decrease occurred dak-hazetalder
forests, again the habitat type where red deer were most commpregent(figure 28) These results
can thus be a sign#hat the unequal distributin of saplings between height classes in the old area is
not caused by red deer browsing. However, there is also another explanation.

When looking at the relation betweeRelative Plot Usby red deerand the change in saplislower

than 50 cmfor eachspecies individually, it becomes clear that mainly oak saplintpgsitneight class
decreasedsince 201%sRelative Plot Usincreased (figur@0). Saplingdelow50 cmof other species
often stayed quite stable, or even imased aghe Relative Plot Usby red deerincreased. It might
thus be that the observed pattern, where red deer cause an incregasaplingslower than50 cm
generally occurs iHlet Groene Woud, Ut does not apply to oak saplings. This is in line wighfindings

of Kuijper, Cromsigt et al., (2010). As discussed, their research showed little effect of herbivore
exclosures on the abundancy of saplings below 50 cm. However, the number of oaksshglovg 50

cm did increase in the absence of herbivores.

There are various possible explanations for the decrease in oak sdpieyshan 50 cmFirstly, while
literature shows that the preferred foraging height of red deer generally lies between 50 and 150 cm,
it is possible that the deer also select smabaplings of specific tree species, like oak. Secondly, it
might be possible that browsed oak saglérhave a higher mortality than those of other species. When
GKS 2F1 alLXAy3aa RAS AyadSIFER 27 WNBvedaddsdphhgQ G2
below 50 cmcompared to other species. Thirdiwe decrease in oak saplings mightuktdrom the

fact the red deer eating acorn@ruinderink & Hazebroek, 1995; Gebert & Verheydertier, 2001;
Paulides, 2007 During autumn in damast years, this can even account for 50.1 percent of their diet
(Picardet al., 1991)This elimination of oak seegsevents oak regeneration and might therefore also
hawe result in a lower number of oak saplings below 50 cm. Firtaibypossible that red deer are not
the cause of the decrease in HC1 oak saplings. Numearther herbivores, like roe deer and rodents,
were presentin Het Groene Woud during this studihis will be further discussed with the limitations
stated in paragraph 4.4.

4.2.2 Grasslands

Another result from thefield survey waghat the grassland pks containedremarkably little saplings.

Only plot 73 contained a couple willow and birch saplifigsire 3A). Plots 73 and 19 were located in
areas with high, grassy vegetation, but, in general, the researched grassland plots were very open
(figure 36B). | performed nost vegetation measurementuringwinter and early spring, which partly
influencedthis image. Stillthe grasslands do not yet show the mosaic structure that is aimed for.
Currently,mowing occurs in all grasslands in tieserve in order toprevent pit rushfrom dominating

the area.However, only30-40% of the grassgreasis mowed, to maintain variability and provide
opportunities for woody encroachment (personal communication, Brabants Landschap, 2@21).
there is litle woodyrecruitment inthe grasslandssoit might be possible that redeer removemost
sapling thatgerminatehere.
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Figure36 — Different grasslands in Het Groene Wouklot 73 with willow sapling$A), and dot 18,
with little vegetation structureB)

4.2.3 Deadwood

Lying deadwood was present manyplots (figure37). In both the old and the new area, the number
of saplings below 50 cm significantly increased as the abundancy of deadwood increased (figure 23)
This suppots earlier findings on how coarse woody delmdn increase sapling surviiluijper et al.,
2013, 2015; Smit et al., 2012; van Ginkel et al., 20241, no effect of deadwarl on the nunber of
saplings larger than 50 cm was foumlso, red deer and deadwood did not have a significantly
interacting effect orsapling change since 2019 (figure.2Q)ijper et al.(2015)showed thatred deer
avoidedcoarse woodylebrismore often when in close proximity afwolf habitat or a wolf core area.
Another study showed that browsing of saplivgas lower at hgh levels of deadwoodbut only inside

a wolfcore aregKuijper et al., 2013Also the studés ofSmit et al., (2012) and van Ginkel et al., (2021)
found place in forests where wolves were preseWhile red deer in Het Groene Woud might
experiencesome predation stress from humans, dogs aetliclesno natural prelator of red deer is
presentin the deer enclosureTherefore, there might be no need for the red deer to be vigilant and
avoid large deadwoodtems Currently wolves ae recolonizing various parts of the Netherlands, and
one indivdual has even settlechithe east of NooréBrabant(Bij12, 2021)Wolvesmight thus also
come to Het Groene Woudhlso,culling of red deemight be carried out in thefuture. Both factors
canincrease the perceivednsafety ofred deer, and the interacting effect of deadwood and red deer
on sapling survival might thusmergein time.

46



Figure37—Lying deadwood in Het Groene Woubh plot 39(A), plot 34 (B), plot 37(C)

To answer subquestion, 2found some indtations thatred deer in Het Groene Wouaffect woody
recruitment For example, thaumberof saplings below 50 cm was significantly higher in the old area.
However, this effectvasnot equal for all tree species and sapling height clas3é® resultsridicate

that red deer especially influence timeimberof oak saplingbelow 50 cmas in the research plots the
number of HC1 oaks saplings decreased from 308 in 2019, to 2 inlAG#de to prevent a decline

of the tree species diversity currently peeg in Het Groene Woud, it is thus importaio not only
monitor overall changes in sapling abundancy, but to doghisspecifically per species.

Furthermore, woody recruitmentvas barely present in the grassland$his is a process that takes
time, sofindings might be different in the future. However, this study shows that it can be valuable to
change mowing practices, or to manually create grazing refuges, for example by placingdadye
debris on the grasslands, as is suggested by Smit et 46)(20

Lastly the number of saplings lower than 50 cm was higheplots with a large amount of deadwood.
However, the results show no significant interaction between red deerdeatiwood. This might
change if predation pressure increaseghe future.

4.3 Vegetation structure

Regarding the vegetation structure, | hypothesised that standard deviadiera measure of variation,

of bramble and sapling height would be highest aeimediate levels oRPU | also expected the

variation in bramble and saplj height to be highest in the old area,that area has experienced red

deer pressure for a longer time.

This hypothesis could not be confirmed, the standard deviatiorof sagding height showed no
significant relationship witiRelative Plot Usby reddeer, andthe standard deviatioof bramble and

sapling height did not significantly differ between the old and the new #aales 11 & 12). The

standard deviatiorof bramble héght did also not significantlyelate with the R S S N & (thble2 G dza S
11). However, as the alue of the latter test was 0.06, and thus very closehe significance

threshold of 0.05, it can still be valuable to interpret the results. Following theerinediate
disturbance hypothesis, variation in bramble height would peakt@rmediate levels ofif KS RS SN &
plot use thus showing a nctinear relationship. The negative, linear relationship that is visible in figure

32A might thus indicate that the sysm was already past the intermediate levels RPU where
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browsing pressures so high that most bramble stems are eaten, thereby shortening all of them (figure
398).

-
-

Structural diversity
(SD bramble height)

Frequency of disturbance (RDP)

Figure 38 — Hypothesized relationship betweerthe frequency of disturbace and structural diversity of
bramble, where is assumed that the frequey of disturbance equalsRPU Whena negative relationship
betweenRPUand the SD of bramble height is found, this could mean that the system experiencing high levels of
RPU as indicated by the dashed square.

Yet, none of the other results of thikesis indicate that tamble bushesexperience high browsing
pressure by red deeRelative Plot Usby red deer did not significantly relate thhange in bramble
cover and heightand the results showed nsignificantrelationship betweerRelativePlot Useand
bramble browsindtable 11). It seems therefore unlikely that red deer browsed the bramble bushes
so extensively, that the standard deviation in bramble height decreased.

The results did show a negative relationship betw&atative Plot Usand bramble height and cover
(table 11, figures 32 & 33B). But based on the absent relation betweRelative Plot Usand change

in bramble height, it is doubtful that this results from red deer actively decreasing bramble height.
Possibly, the height diramble influencd i K S RBtSid¢Ingtead of the other way around: red
deer mighthave beerattracted to plots with low bramble density. Indeed, both the GPS as the camera
trap data indicated that, during the study periods, red deer avoigiedgnble-alder habitats (figurel5s).
Multiple research plots were covered with very dense bramble bushes (fRreAs red deer avoid
browsing in areas with large dead tre@suijper et al., 2013, 2015} is possible that this high and
tough vegetationforms escape impedimentdike lying deadwoodand is herefore avoided by red
deer.

Thatred deerhad no significant negative impact on bramble height in Het Groene Woud, seemingly
contradictswith other studies that showed how deer browsing can redu@nible height(Joys et al.,

2004; Kirby, 2001; Kuiters & Slim, 2002; Morecroft et al., 2001; Pellerin et al., P@ver, the

latter studiesare all not red deer speatfi and only measure the browsing effect of different ungulate
ALSOASE (23SGKSNE fA1S NRS:I Ydzyidelr Oz FlLtft2g6 | YRk
bramble seems taliffer per locaton. Bramble was found to be an important food sourceesf deer

living in a reserve in Northeast France, an area with nutqedr, acidic soi{Storms et al., 2008)But

rumen and pellet analysis showed the shrub was only occaltjoeaten by red deer in the Polish

. A I O 2fargst@Gebezynska, 1980nd a Czech floodplain forgstrojerovat NB {1 SO2 @bbtE H A nn 0
nutrient-rich areas.
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Figure39— Densebramble layer near plot 53.

That this esearch shows littlémpact of red deer on bramblgrowth can have multiple explanations.
Firstly, bramble might not be an important food source for the deer. As the red deer reserve of Het
Groene Woud is also loeal in a nutrientrich area, the feedingdbits of the red deer might show a
Aa0NRPyYy3 NBaASYoflyOS gAGK GKS FTSSRAYy3I KFIoAada 27
forest. Secondly, it is possible that the red deelirftuencebramble, but that the change in bramble
height cannot yet be observed between 2019 and 2021, a lotigegframecould give different results.
Thirdly, the bramble bushes mightave grown about the same amount as they have lost due to
browsing. This would meathere is no net decrease in height, biliat without browsing, mean
bramble height would have been high&ramble height has been stabile since 2019 (figure 31). But,
asbramble is a nitrophilous speci€gan Den Berg et al., 201@ndthe deer enclosure is located in a
nutrient-rich area,t is unlikelythat this stagnation exists withowutside pressureHowever, it is not
possible to link thiso red deer, as other herbivores like roeer can also be the cause of the stable
bramble heigh{see limitations under paragraph 4.4)

While the results show no clear effect of red deer on bramble heibety do provide indications of
such aneffect in the case of sapling height. Sapling heim the old and the new area significantly
differed, as the mean heighwas74 cm in the new area, but only 54 cm in the old area (fi§4)eThis
differencemay have emerged from the longer time at which red deer have been present in the old
area, aghe average sapling height in the old ammancideswell with the browsing height preferences
found by Renaud et 8§2003) and KuijperCromsiget al(2010)

To answer subquestion 3, brambieight andaerialcover have remained stable since 2019, and the
results show no evidence to support the hypothesis that red tieseincreasel variability in branble

or sapling height in Het Groene Woud. As red deer seemed to have little effect onlbrgnolwth,

and avoid plots with dense bramble, it is unclear whether the current pressure of red deer will change
bramble structure in the reserve. However, the lsta bramble height and cover do suggest that
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excluding the effects of other environmental factors is needed to further understangtbcess as

will be digussed in the next paragraph. The resultsiddicate an effect of red deer on sapling Heig

This shows that, when browsing pressure is not too high, red deer might increase height variance of
saplingsn the future Lastly, as described in the previqueragraph, most grasslanegere still very

open and contaiad little woody vegetation struitire.

4.4 Limitations and implicatiomsr future research

While the data have been collected and analyzed carefully, and various trends can be recognized from
the results, there are some limitations of the study to keep in mind when interpreting tdtseand
to considerfor future research.

Causality As discussed, this research was not based on a controlled design, meaning that it is not
possible to prove a causal relationship between red deer presence and vegetation responses.
Differencedn plant properties might emerge from different red deer bising intensity, but it might

also result from various environmental factors like differences in seed dispersal opportunities, nearby
vegetation, climatic conditions, but also the presence ofeotherbivores. Red deer are not the only
herbivores present ithe Groene Woud deer enclosure. The area is also roamed by cattle, roe deer,
and rodents (figure @). To further investigate the role of red deer in Het Groene Woud, additional
research contrding for these factors is required. This can be especialgrésting in the case of
bramble, as bramble height remained stable since 2019, but the amount of browsing on bramble did
not significantly relate to plot use by red deer, suggesting that itveased deer that stunted bramble
growth.

By dividing the dat into different habitat types, | partly adjusted for differences in climatic factors.
However, these differences are even better controlled for when installing herbivore exclosures and
comparirg data from within these exclosures to data collected jussiml#t these exclosures. A follew

up research using this method can therefore distinguish herbivore effects from other environmental
effects. In addition, to differentiate between red deer browgiand foraging by other herbivores, one

can use camera trap® imeasureRelative Plot Usef not only red deer, but also roe deer, cattle and
other herbivores, expanding the method of this thesis.

Vegetation structuretn this study, the assessment of vegetation structure was limited to sapling and
bramble propertiesThe main reason for this was thaata was collected during the winter, in which
many other plant groups had not fully developed yet. However, other plant groups are also important
contributors to vegetation structure. To fully assess vegetation structure, | therefore recommend
conductinga study specifically focussing on this subjectyhich other plant groups like herbs, grasses
and other woody plants are included. Those data should be collected during the summer, when most
plants are fully developed, and the data can be compared thighresearch of Allen (2019).

Sample sizeAn extensivefield survey was conducted, collecting data on eighty plots throughout the
reserve. Still, various tests remained inconclusive due to large variance in the results. This became
especially a problem ken dividing the data into categories, likabiat type,or tree species, as those
categories were represented by a relatively small samgbethe replication per actual category was

low. Increasing both temporal and spatial scale of the research willtren more data and thus more
representative esults. Increasing spatial scale can be highly intensive. In order to do this, | recommend
using GPS collars instead of camera traps to monitor red deer presence, and to decrease the amount
of vegetation measrements. Another option is to continue with gna few habitat types that are of
interest, but to increase the plots within those habitats.
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Vegetation cover and heighWhen measuring vegetation cover and heighfpllowed the same
method as Allen (20991f my research were to be repeated, use astmethodensures continuity of

the data.However, if a new study is set up, | advise to revise the method. With the estimation of
vegetation cover, it was assumed that the researched vegetation groups atasges up 100% of a
guadrant, without overlap. Tie was often unrepresentative, as vegetation layers often did overlap,
and the cover of tree stems was not taken into account. Vegetation height was measured by dropping
a cardboard disc onto the vegetaticayer. However, the height at which the disc catoeest often
depended more on the width of the plant, then on the height. | therefore recommend taking various
samples of the absolute height of tipdant andcalculating an average.

Camera traps versusRS collarsBoth camera traps and GPS collargehbeen proven useful to assess

red deer presence. However, the camera trap data showed a lot of variance. Reliability would increase
if the cameras were rotated several times, assessing the same plotexedifimoments. Advantages

of using camera trapasver GPS collars, is that the photos can be used to observe multiple species, and
that the deer do not have to wear a collar. A large disadvantage is, however, that placing camera traps
and photo analysis aneery time-consuming.

Figue 40— Examples of eher herbivoresthat are not included in thisresearch butdo affect the
vegetation inHet Groene WoudBlackAberdeencattle (A), Hare(B), Roe dee(C) Redsquirrel(D).
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4.5 Implications for reviding practices

Rewilding practices can takdgte in all kinds of environments, but a type of environment that has
been getting more and more attention regarding this subject, is abandoned European farmland.
Estimates show that between 2000 and 2030, 2lliom ha of land may be disengaged from its
agricultural use, and be left unattendg®ereira & Navarro, 2015 hese areas are often wood
pastures, with high ecological value. However, without the disturbance of cattle or other large
herbivores, succession turns these kalen landscapes into dense forests, losing the heterogeneity
that is associated with a Higspecies richnesfNavarro et al., 2015)This land abar@ahment is thus

often accompanied with various socioeconomic and ecological problgtetmer et al., 2015)
Rewilding Europe is an organisatiorattivorks to bring back megafauna to these areas, providing a
habitat for these species and maintaining the ecological value of §Hsmer et al 2015) When
implementing such new methods of nature conservation, it is important to keep monitoring whether
the intended results are being achieved, and how nature, society and economy interact with each
other (Jepson, 2016)

As a wooepasture system in which rewilding with large herbivores takes place, the red deer reserve
in Het Groene Woud can function as an example for these other rewilding practices. It can show, for
example, how vegetation changesamutrientrich area with herbivores, how different animal species
interact with each other, and how rewilding projects are received when they take place in a highly
populated area. Together with earlier studies in this afeg.Allen, 2019; Dekker & Houben, 2018;
Tielemans, 2017}his thesis adds to the knowledge on rewilding with red deer and can function as an
example on how to research herbivepdant interactions on darge scale.

5. Conclusion

In the Dutch mtional landscape Het Groene Woud, rewilding is used to increase the ecological value
of the area. By reintroducing red deer, together with roe deer and cattle, ARK Nature and Het Brabants
Landschap aim to creataore vegetation structure in the forests and grasslands, and to increase the
graduality of the transition zones between the vegetation typaghis research, | studied how woody
recruitment and vegetation structuri@ Het Groene Woudould be linked to @a use by red deefhe
results provide indicationsof an effect of red deer on woody recruitmg and showhow the deer

seem toaffect different tree speciem different waysLittle evidencewas found tosupport the idea

that red deer increasevoody veetation structure.Especially in grasslagidwoody vegetation was
barely presentHowever,as vegetation structure is not made up roere woody vegetation, anas

these processes might only be observable over a longer amount of time, additisearchis needed

in which other vegetation groups are included.

Rewilding with large herbivores in wogastures is of increasing interest, but knowledge on the
interaction between red deer and their environment is scarce, and often very loeggpieaifc. The
findings of this study contribute to the literature on red deer in nutrigich, temperate areas. To
further investigatethe effect of red deer on woody recruitment and vegetation structure, a large
scaled study using grazing exclosures is reconti@e@nHovever, this research can be used as an
example on how to monitor and study red deerinature area, withminimalinterference.
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AppendixA ¢ Research plotsmal theirlocations

Table Al-Overview of the research plotand their location.Coordinates are given in Dutch Grid (Rijksdriehoek
coordinates), and marthe southwest corner of the plotThelocation indicates whether the plot lies in the old
or the new areaThe habitat type in which the plot lies is given as well.

PlotNr
X (Easting)
Y (Northing)
Location
Oak- Hazel-
Alder
Alder

Poplar-Hazel-

154568 395364 Old
154447 395379 Old
154253 395176 Old
154057 394057 Old
154054 393989 Old
154371 393711 Old
154375 393383 Old
154715 395033/ Old
154852 394643 Old
155002 394221 Old
154747 394263 Old
154221 394259 Old
154081 394472 Old
153936 393914 Old
154561 395161 Old
154898 394850 Old
153906 393593/ Old
154193 393989 Old
154342 393605 Old
154357 393545 Old
154019 395061 Old
154022 395255 Old
154116 395386 Old
154035 395457 Old
153910 395568 Old
153954 395413 Old
153966 395273 Old
154316 395158 Old
154430 395314 Old
154385 395268 Old
154429 395159 Old
154524 395201 Old
155168 394344 Old
154670 394011 Old
154908 394063 Old
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72

153295

394965

73

153397

394999

74

153559

394984

75

153622

395087

76

153735

395247

e

153802

395120

78

153762

395016

79

153500

394858

80

153328

394636
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AppendixB ¢ Recording dates camera traps and
vegetation survey

TableB1- Dates at which the plot was recorded through a vegetation survey, and the start and end dates at
which the plot was recorded with a camera traplots 41 & 42 were not recorded with a camera trap, due to
weather conditions.

Plot No. Date vegetation Startdate camera trap = End date camera trap

survey

1 2021-04-20 2021-02-19 20210311

2 2021-04-01 2021-02-19 20210311

3 2021-03-08 2021-:03-11 2021-04-01

4 2021-04-07 2021-02-22 2021-:03-15

5 2021-03-03 2021-:02-02 2021-:02-22

6 2021-04-22 2021-04-07 2021-04-28

7 2021-:02-25 20210201 2021-:02-24

8 2021-04-09 2021-01-29 2021-:02-19

9 2021-03-30 2021-01-29 2021-02-19
10 2021-03-18 2021-02-01 2021-02-20
11 2021-03-19 2021-02-20 20210311
12 2021-04-07 2021-01-30 2021-02-22
13 2021-03-24 2021-03-15 2021-04-08
14 2021-04-13 2021-01-30 2021-02-22
15 2021-03-08 2021-01-28 2021-:02-19
16 2021-:03-30 2021-02-19 2021-:03-15
17 2021-03-01 2021-02-02 2021-:02-22
18 2021-04-22 2021-02-22 2021-:03-16
19 2021-:02-26 2021-03-16 2021-03-28
20 2021-04-22 2021-02-24 2021-:03-16
21 2021-04-21 2021-04-01 2021-04-22
22 2021-04-21 2021-03-11 2021-04-01
23 2021-04-09 2021-03-11 2021-04-01
24 2021-03-19 2021-01-28 2021-02-19
25 2021-03-30 2021-01-28 2021-02-19
26 2021-04-21 2021-02-19 20210311
27 2021-03-22 2021-01-28 2021-:02-19
28 2021-04-26 2021-02-19 20210311
29 2021-04-20 2021-01-28 2021-02-19
30 2021-04-01 20210311 2021-04-01
31 2021-03-22 2021-02-19 20210311
32 2021-03-08 2021-02-19 2021-:03-11
33 2021-04-01 2021-03-15 2021-04-06
34 2021-04-09 2021-02-01 2021-02-20
35 2021-04-01 2021-04-06 2021-04-26
36 2021-04-20 2021-02-20 2021-03-15
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37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80

2021-:04-26
2021-:03-18
2021-:04-26
2021-:04-21
2021-:04-26
2021-:04-20
2021-:04-22
2021-:04-21
2021-:04-09
2021-:04-19
2021-:04-13
2021-:04-30
2021-:02-25
2021-:02-26
2021-:03-03
2021-:04-30
2021-:03-24
2021-:04-07
2021-:04-13
2021-03-01
2021-04-22
2021-03-25
2021-04-30
2021-03-04
2021-04-30
2021-:03-05
2021-:03-25
2021-:04-08
2021-:03-25
2021-:04-19
2021-:03-04
2021-03-31
2021-03-05
2021-04-08
2021-03-31
2021-04-08
2021-04-08
2021-:03-31
2021-:04-19
2021-:04-19
2021-:04-14
2021-:03-05
2021-:04-14
2021-04-14

2021-:02-20
2021-01-29
2021-01-29
2021-:0311

2021-:03-15
20210311
20210311
2021-:03-16
2021-03-16
2021-:02-24
2021-:02-24
2021-:02-01
2021-:03-16
2021-:02-02
2021-:02-02
2021-:02-22
2021-:03-16
2021-03-16
2021-01-30
2021-03-16
2021-02-22
2021-01-30
2021-02-16
2021-01-26
2021-01-26
2021-:02-16
2021-:03-10
2021-:03-10
2021-:03-10
2021-03-10
2021-01-27
2021-02-16
2021-03-10
2021-01-27
2021-03-10
2021-:03-16
2021-:02-16
2021-:02-16
2021-01-27
2021-01-27
2021-:02-22
2021-02-22

2021-:03-15
2021-:02-20
2021-:02-20
2021-:04-01

2021-:04-06
2021-:04-06
2021-:04-01
2021-:04-06
2021-:04-07
2021-:03-16
2021-:03-16
2021-:02-24
2021-:04-07
2021-:02-22
2021-:02-22
2021-:03-16
2021-:04-06
2021-04-07
2021-02-22
2021-04-08
2021-03-16
2021-02-22
20210310
2021-:02-16
2021-:02-16
2021-:03-10
2021-:03-31
2021-:03-31
2021-:03-31
2021-03-31
2021-02-16
20210310
2021-03-31
2021-02-10
2021-03-31
2021-04-08
2021-:03-10
2021-:03-10
2021-:02-16
2021-:02-16
2021-:03-16
2021-03-16
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Appendix & Vegetation survey

Table CX Overview of all variables recorded in the field surveyata on the following functional groups (f.g.)
was collected:{.Trees 2.Bramble 3. Other shrubs4. Common rush, 5. Other graminoids, 6. Nettle, 7. Other

forbs, 8. Ferns, 9. Mosses, 10. Bare soil).

Scale Variable Unit  Method

20m x 20m plot Aerial cover herb layer % Visual estimation
Aerial cover shrub layer % Visualestimation
Average height herb layer cm Measuring 6 samples
Average height shrub layer cm Measuring 6 samples
Aerial covelbramble, common % Visual estimation
rush & nettle (separately)
Average heighbramble, common cm Measuring 6 samples
rush & nettle(separately)
Aerial cover dead wood % Visual estimation
# Standing deadwood - Count
# Lying deadwood - Count
Tree species 150 cm - Determination
# Tree species individua#s150 cm - Count
Height trees > 150 cm cm Visual estimatiorfstick method)
DBH trees > 150 cm cm Measuring tape
Debarking/browsing trees > 150 ¢ - Visual assessment

Circle (r=2) within plot # Tree species individuals - Count
Height trees < 150 cm cm Measuring pole
DBH trees > 150 cm cm Measuring tape
Aerial cover f.g.-40 % Visual estimation
Height f.g. 29 cm Drop-disc method 4 samples
Coefficient of variatiomeight f.g. | % Calculate from measured height

1-9

Quadrant within circle

Browsing occurrence f.g:-2

Visualassessment
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Fieldwork form

Date

Plot number

Plot description

Coordinates Observer

Plot Cover (%)

Sample height (cm)

Herbaceous layer

Forb/Herb

Grass

Shrub layer

Bramble

Common rush

Deadwood

Plot cover (%)

# standing

# lying (over 50x50x100 cm)

Trees above 1.50m in 20x20m plot

Species Height (m)

Diameter (cm, DBH) Signs of

debarking
(yes/no)
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5 circles, 2m radius within the 20x20m plot. 4 guadrants within each circle.

Circle 1

Functional group Cover (%) Drop-disc height (cm) | Browsing? (Y/N)
NE | SE | SW | NW|NE | SE | SW | NW| NE | SE | SW | NW

Bramble

Other shrubs

Common rush

Other graminoids

Nettle

Other forbs

Ferns

Mosses

Bare Soil

Circle 2

Functional group Cover (%) Drop-disc height (cm) | Browsing? (Y/N)
NE [ SE | SW | NW|NE | SE | SW | NW | NE | SE | SW | NW

Bramble

Other shrubs

Common rush

Other graminoids

Nettle

Other forbs

Ferns

Mosses

Bare Soil

Circle 3

Functional group Cover (%) Drop-disc height (cm) | Browsing? (Y/N)
NE [ SE | SW | NW|NE | SE | SW | NW| NE | SE | SW | NW

Bramble

Other shrubs

Common rush

Other graminoids

Nettle

Other forbs

Ferns

Mosses

Bare Soil
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Circle 4

Functional group

Cover (%)

Drop-disc height (cm)

Browsing? (Y/N)

NE | SE

SW | NW| NE | SE | SW | NW

NE | SE | SW

NW

Bramble

Other shrubs

Common rush

Other graminoids

Nettle

Other forbs

Ferns

Mosses

Bare Soil

Circle 5

Functional group

Cover (%)

Drop-disc height (cm)

Browsing? (Y/N)

NE | SE

SW | NW| NE | SE | SW | NW

NE | SE | SW

NW

Bramble

Other shrubs

Common rush

Other graminoids

Nettle

Other forbs

Ferns

Mosses

Bare Soill

Trees below 1.50 m within the 5 circles

CircleNo.

Species

Height (cm)

Browsing? (Y/N)

Debarking (Y/N)

66



Appendix D Statistical results

In this appendixl present an overview of the results of the statistical test. In table8[Opresent
the results of the linear models. In tables-D8,| present the poshoc results that | refer to in

chapter3.

Table D1- Statistical results from the generalized lineanodelsused to compare woody recruitment in the

old and new areaSignificant relationships K n ®np 0

FNS YIFN] SR INBSy:s

AYAAIYATF

markedred. In the case of a significant interaction between predicta@ignificant main effects of individual
predictors are not showrSee table 5 for the definitions of all variables.

Model
Saplings ~ Location

Saplings ~ Location * HC

Saplings ~ Location * HC *
Habitat

Saplings ~ Location * HC *

RPU

Saplings +ocation * HC *
Deadwood

Saplings ~ Location * HC *
Species

Model type
QuasiPoisson

Poisson, with
outliers
Poisson,

without outliers
QuasiPoisson

QuasiPoisson

QuasiPoisson

QuasiPoisson

Predictor(s)
Location

Location:HC
Location:HC
Location:Habitat

HC:Habitat
Location:HC
Location:HC:Habitat
HC

Location

RPU
Location:HC
HCRPU
LocationRPU
Location:H@®RPU
HC

Deadwood

Location
Location:HC
Location:Deadwood
HC:Deadwood

Location:HC:Deadwoo

HC

Species

Location
Location:HC
Location:Species
HC:Species
Location:HC:Species

p-value X?-value

1.00

<0.001

<0.001

<0.001

0.25
0.48
0.95
<0.001

0.80
0.26
0.55
0.90
0.96
0.93
<0.001

0.02
0.44
0.66
0.77
0.81
0.93
<0.001

<0.001
0.23
0.31
0.24
0.32
0.97

3.70°10°
06

35.63

15.93

21.60

7.88
1.46
1.69
26.94

0.06
1.28
1.21
0.21
0.00
0.16
32.02

5.52
0.59
0.83
0.09
0.43
0.14
71.78

287.26
1.45
2.37
7.99
13.67
4.64
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Table D2- Statistical results from thegeneral linear modelsised to compare woody recruitment in 2019 and

2021 Significant relationships % n®np 0 FNBE YIFIN] SR INBSY>S AyairdayAFiolyi
In the case of a significant interaction between predictors, significant main effects of individual predictors are

not shown See table 5 for the definitions of all variables.

Model Model type Predictor(s) p-value F-value
Individuals ~ Year * Stage Linear Year <0.001 26.72
Stage 0.97 0.00
Year * Stage 0.46 0.56
ChangeTrees RPU* Stage Linear RPU <0.01 8.37
Stage 0.61 0.25
RPU Stage 0.31 1.03
ChangeSaplings ~ HRPU Linear HC *RPU 0.02 3.97
ChangeSaplings ~ HC * Habita Linear Habitat <0.001 7.80
HC 0.90 0.11
HC*Habitat 0.20 1.36
ChangeSaplings ~ HGRPUCat Linear HC *RPUCat 0.02 3.03
* Deadwood
Deadwood 0.32 1.00
HC *Deadwood 0.94 0.06
RPUCat * 0.26 1.35
Deadwood
HC *RPUCat * 0.70 0.55
Deadwood
ChangeAlder ~ HCRPU Linear HC 0.23 1.47
RPU 0.53 0.39
HCRPU 0.72 0.34
ChangeBirch ~ HCRPU Linear HC 0.52 0.66
RPU 0.24 1.40
HCRPU 0.21 1.58
ChangeBirdCh ~ HARPU Linear HC <0.01 4.79
RPU 0.01 6.70
HCRPU 0.27 1.31
ChangeHazel ~ HORPU Linear HC <0.01 5.18
RPU 0.70 0.15
HCRPU 0.75 0.29
ChangeOak ~ HCRPU Linear HC *RPU <0.001 446
ChangePoplar ~ HCRPU Linear RPU 0.04 4.27
HC 0.49 0.71
HCRPU 0.61 0.50
Chang®&owan~ HC *RPU Linear RPU 0.09 2.37
HC 061 0.26
HCRPU 0.43 0.84
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Table D3-Pairwise omparison of the meassubquestion 1 Thecomparisons were dondza A y 3
with the emmeanspackage, version 1.6(Lenth et al., 2020)In the Comparison columibradets clarify the

names of the habitat typesthe difference in mean is estimated by subtracting the second category from the

first category, as stated in the Comparison column.

Figure  Model Comparison
in
thesis
Figure Sapling ~ Location (BrambleAlder)- Grassland
15

(BrambleAlder)- (OakHazelAlder)
(BrambleAlder)- (OakPoplarHazel)
(BrambleAlder)- (PoplarHazelAlder)
(BrambleAlder)- Spruce

Grassland (OakHazelAlder)

Grassland (OakPoplarHazel)
Grassland (PoplarHazelAlder)
Grassland Spruce

(OakHazelAlder)- (OakPoplarHazel)
(OakHazelAlder)- (PoplarHazelAlder)
(OakHazelAlder)- Spruce
(OakPoplarHazel) (PoplarHazelAlder)

(OakPoplarHazel) Spruce
(PoplarHazelAlder)- Spruce

Table D4~ Pairwise comparison of the means subquesti@ncomparison old and new ared.he comparisons were
R2yS dzaAy 3 ¢ dz]l Seéeneany&Kkage?vRrsioh A.6G(Eenthiekdh, 2020)n the Comparison column,
GKS RAFFSNByI

0KS ydzYoSNE amés aHé>X | YR

Comparison column, bracte clarify the names of the habitat types. The difference in mean is estimated by

Estimated

difference

in mean
-0.13218658

-0.19808993
-0.012336
-0.03208341
-0.0497308
-0.06590335

0.11985058
0.10010317
0.08245578
0.18575393
0.16600653
0.14835914
-0.0197474

-0.03739479
-0.01764739

SE

0.06095788

0.06095788

0.05971371

0.06244487

0.06095788

0.05747164

0.05615028

0.0590465
0.05747164
0.05615028

0.0590465
0.05747164
0.05776117

0.05615028
0.0590465

Goé¢ RSLMOG
height class 2 includes saplings of-HID cm, and height class 3 includes saplings of1B@L cm.Also in the

¢dzl $&Qa

t ratio p value

2.168490-5
3.249619-9
0.206585-8
0.513787-7
0.815822-3

1.1467109

0.261454

0.01891122

0.99994674

0.99553757

0.96402324

0.8605348

2.1344611 (27802243
1.6953279 .53798359
1.4347213 (70586759

3.3081571

0.0158709

2.8114543 0,06351683
2.5814322 (11111786

0.3418803

0.99936668

-0.665977 ' 0.98524655

0.2988727

subtracting the second category from the first category, as stated in the Comparison column.

Figure Model Comparison
in

thesis

Figure = Sapling ~HC * 1 New- 2 New

20A Location
WITH OUTLIERS
1 New- 3 New

1 New-10Id
1New-20Id
1New-30Id
2 New- 3 New
2New-10ld
2 New- 2 Old
2New-30ld
3New-10Id
3 New-2O0ld
3New-30Id

Estimated
difference
in mean
0.667306

1.2449403
-0.2889901
1.0529684
1.8884318
0.5776343
-0.9562961
0.3856625
1.2211259
-1.5339304
-0.1919718
0.6434916

SE

0.12425387

0.15302531
0.08104488
0.10167101
0.13038273
0.16848105
0.10741225
0.12371787
0.14821867

0.1396965
0.15259041
0.17305056

t ratio

5.370504

8.135519
-3.565803
10.356625
14.483757

3.428482
-8.903045

3.117274

8.238678

-10.980449
-1.258086
3.718518

0.99967146

Pvalue

1.17E06

7.87E14
4.88E03
5.52E14
0.00E+00
7.99E03
4.32E14
2.25E02
7.12E14
4.93E14
8.08E01
2.75E03
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Figure
20B

Figure
24

Figure
22

Sapling ~HC *

Location WITHOUT

OUTLIERS

Sapling * HC * Specie

* Location

Sapling ~HC * Habitar

10ld-20ld
10Ild-30ld
20Ild-30Id
1 New- 2 New

1 New- 3 New
1 New-10Id

1 New-2Old
1New-30Ild
2 New- 3 New
2New-10Ild

2 New-2Old

2 New-30Id
3New-10Ild

3 New-20Id
3 New-30Id

10ld-20lId
10ld-30ld
20Ild-30Id
Alder- Birch

Alder- Birdcherry
Alder- Hazel

Alder- Oak
Alder- Poplar

Alder- Rowan

Birch- Bird cherry

Birch- Hazel
Birch- Oak
Birch- Poplar

Birch- Rowan

Birdcherry- Hazel
Birdcherry- Oak
Birdcherry- Poplar
Birdcherry- Rowan
Hazel Oak

Hazel Poplar

Hazel Rowan

Oak- Poplar

Oak- Rowan

Poplar- Rowan

(1 BrambleAlderNew)- (3 Poplar
HazelAlderOld)

(2 BrambleAlderNew)- (3 Bramble
AlderNew)

1.3419585
2177422
0.8354634
0.397301798

0.852777326
-0.972556587

0.016529302
0.851992705
0.455475529
-1.369858385

-0.380772496

0.454690907
-1.825333914

-0.836248024
-0.000784622

0.989085889
1.824549292
0.835463403

-8.4430024

-10.5953549

-8.024101

3.1738419
-2.0464508

-8.9656671
-2.1523526

0.4189014
11.6168442
6.3965516
-0.5226647

2.5712539
13.7691968
8.5489041
1.6296879
11.1979429
5.9776502
-0.9415661

-5.2202926

-12.1395089

-6.9192163

-1.47E+01

-2.88E01

0.0802207
0.1144466
0.12987203
0.20194904

0.23421056
0.13524313

0.14661246
0.16780309
0.25070232
0.16213505

0.17173317

0.19014454
0.20089536

0.2087186
0.22411184

0.08366345
0.11688557
0.12987203
568.5393174

568.5392157

568.5393855

826.0684215
733.981194

568.5393939
0.3803114

0.5811767
599.2932019
464.2108335

0.58935

0.471306
599.2931054
464.210709
0.4813484
599.2932666
464.210917
0.6517867

758.0526232

599.2932746

464.2109273

1481.979384

2.5336199

16.728332
19.025659
6.432974
1.967336944

3.64107121

7.191171643
0.112741456

5.077336263
1.816798202

8.448872795

2.217233271
2.391290945

9.085993257
-4.00658119

0.003501026
11.82219756

15.60970493
6.432973947
-0.01485034

0.018636102

0.014113536
0.003842105

0.002788152
-0.01576965

5.659448551
0.720781382

0.019384242
0.01377941

0.886849471
5.455593623

0.02297573
0.018415999
3.385671888
0.018685247
0.012877013

1.444592202
0.006886452
0.020256374

0.014905328
-9.95E03

-1.14E01

0.00E+00
0.00E+00
1.88E09

3.61E01

3.69E03
9.68E12

1.00E+00
5.69E06
4.55E01

5.90E14

2.30E01
1.59E01
7.69E14
8.72E04
1.00E+00

0.00E+00
0.00E+00
1.88E09

1.00E+00
1.00E+00

1.00E+00
1.00E+00
1.00E+00
1.00E+00
3.18E07

9.91E01
1.00E+00
1.00E+00

9.75E01

1.02E06
1.00E+00
1.00E+00
1.26E02
1.00E+00
1.00E+00

7.77E01
1.00E+00
1.00E+00
1.00E+00
1

1
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(2 BrambleAlderNew)- (1 OakHazel
AlderNew)

(2BrambleAlderNew)- (2 OakHazel
AlderNew)

(2BrambleAlderNew)- (3 OakHazel
AlderNew)

(2 BrambleAlderNew)- (1 OakPoplar
HazelNew)

(2 BrambleAlderNew)- (2 OakPoplar
HazelNew)

(2 BrambleAlderNew)- (3 OakPoplar
HazelNew)

(2 BrambleAlderNew)- (1 Poplar
HazelAlderNew)

(2 BrambleAlderNew)- (2 Poplar
HazelAlderNew)
(2BrambleAlderNew)- (3 Poplar
HazelAlderNew)

(2 BrambleAlderNew)- (1 Bramble
AlderQld)

(2BrambleAlderNew)- (2 Bramble
AlderOld)

(2 BrambleAlderNew)- (3 Bramble
AlderQld)

(2BrambleAlderNew)- (1 OakHazel
AlderOld)

(2 BrambleAlderNew)- (2 OakHazel
AlderQld)

(2BrambleAlderNew)- (3 OakHazel
AlderOld)

(2 BrambleAlderNew)- (1 OakPoplar
HazelOld)

(2 BrambleAlderNew)- (2 OakPoplar
HazelOld)

(2 BrambleAlderNew)- (3 OakPoplar
HazelOld)

(2 BrambleAlderNew)- (1 Poplar
HazelAlderOld)

(2 BrambleAlderNew)- (2 Poplar
HazelAlderOld)

(2 BrambleAlderNew)- (3 Poplar
HazelAlderOld)

(3 BrambleAlderNew)- (1 OakHazel
AlderNew)

(3BrambleAlderNew)- (2 OakHazel
AlderNew)

(3 BrambleAlderNew)- (3 OakHazel
AlderNew)

(3 BrambleAlderNew)- (1 OakPoplar
HazelNew)

(3 BrambleAlderNew)- (2 OakPoplar
HazelNew)

(3BrambleAlderNew)- (3 OakPoplar
HazelNew)

(3 BrambleAlderNew)- (1 Poplar
HazelAlderNew)
(3BrambleAlderNew)- (2 Poplar
HazelAlderNew)
(3BrambleAlderNew)- (3 Poplar
HazelAlderNew)
(3BrambleAlderNew)- (1 Bramble
AlderOld)

(3BrambleAlderNew)- (2 Bramble
AlderOld)

(3BrambleAlderNew)- (3 Bramble
AlderOld)

(3BrambleAlderNew)- (1 OakHazel
AlderOld)

-3.78E+00

-2.23E+00

-1.47E+00

-2.44E+00

-3.04E+00

-2.56E+00

4.97E14

-5.60E01

-4.05E01

-2.20E+00

-1.28E+00

-3.36E01

-2.24E+00

-5.31E01

6.93E01

-2.54E+00

-1.78E+00

-1.10E+00

-2.64E+00

-1.67E+00

-4.42E01

-3.49E+00

-1.95E+00

-1.18E+00

-2.15E+00

-2.76E+00

-2.28E+00

2.88E01

-2.72E01

-1.18E01

-1.91E+00

-9.93E01

-4.88E02

-1.95E+00

1.9370427

2.0152284

2.1247642

2.0363161

1.9824582

2.0227153

2.5336199

2.2891456

2.3456762

1.9468956

1.9934415

2.110488

1.9455589

2.0773658

2.422604

1.9356482

1.9589358

2.0003994

1.9379029

1.9741807

2.110488

1.683776

1.7731645

1.8967315

1.797095

1.7358306

1.781669

2.3456762

2.0792197

2.1412996

1.6951016

1.7483638

1.880725

1.6935662

-1.95E+00

-1.11E+00

-6.90E01

-1.20E+00

-1.54E+00

-1.27E+00

1.96E14

-2.44E01

-1.73E01

-1.13E+00

-6.43E01

-1.59E01

-1.15E+00

-2.55E01

2.86E01

-1.31E+00

-9.07E01

-5.49E01

-1.36E+00

-8.48E01

-2.09E01

-2.07E+00

-1.10E+00

-6.21E01

-1.20E+00

-1.59E+00

-1.28E+00

1.23E01

-1.31E01

-5.50E02

-1.13E+00

-5.68E01

-2.59E02

-1.15E+00

0.95948824
0.99999138
0.999999999
0.999964498
0.998066616
0.999907098

1

1

1
0.999988019

1

1
0.999982725

1

1
0.999830828
0.999999812

1
0.999696757
0.999999951

1
0.924777713
0.999992812

1
0.999964717
0.996867409
0.999893743

1

1

1
0.999988412

1

1

0.999982318
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(3BrambleAlderNew)- (2 OakHazel
AlderQld)

(3BrambleAlderNew)- (3 OakHazel
AlderQld)

(3 BrambleAlderNew)- (1 OakPoplar
HazelOld)

(3 BrambleAlderNew)- (2 OakPoplar
HazelOld)

(3 BrambleAlderNew)- (3 OakPoplar
HazelOld)

(3BrambleAlderNew)- (1 Poplar
HazelAlderOld)

(3 BrambleAlderNew)- (2 Poplar
HazelAlderOld)
(3BrambleAlderNew)- (3 Poplar
HazelAlderOld)

(1 OakHazelAlderNew)- (2 OakHazel
AlderNew)

(1 OakHazelAlderNew)- (3 OakHazel
AlderNew)

(1 OakHazelAlderNew)- (1 Oak
PoplarHazelNew)

(1 OakHazelAlderNew)- (2 Oak
PoplarHazelNew)

(1 OakHazelAlderNew)- (3 Oak
PoplarHazelNew)

(1 OakHazelAlderNew)- (1 Poplar
HazelAlderNew)

(1 OakHazelAlderNew)- (2 Poplar
HazelAlderNew)

(1 OakHazelAlderNew)- (3 Poplar
HazelAlderNew)

(1 OakHazelAlderNew)- (1 Bramble
AlderQld)

(1 OakHazelAlderNew)- (2 Bramble
AlderQld)

(1 OakHazelAlderNew)- (3 Bramble
AlderQld)

(1 OakHazelAlderNew)- (1 OakHazel
AlderQld)

(1 OakHazelAlderNew)- (2 OakHazel
AlderQld)

(1 OakHazelAlderNew)- (3 OakHazel
AlderQld)

(1 OakHazelAlderNew)- (1 Oak
PoplarHazelOld)

(1 OakHazelAlderNew)- (2 Oak
PoplarHazelOld)

(1 OakHazelAlderNew)- (3 Oak
PoplarHazelOld)

(1 OakHazelAlderNew)- (1 Poplar
HazelAlderOld)

(1 OakHazelAlderNew)- (2 Poplar
HazelAlderOld)

(1 OakHazelAlderNew)- (3 Poplar
HazelAlderOld)

(2 OakHazelAlderNew)- (3 OakHazel
AlderNew)

(2 OakHazelAlderNew)- (1 Oak
PoplarHazelNew)

(2 OakHazelAlderNew)- (2 Oak
PoplarHazelNew)

(2 OakHazelAlderNew)- (3 Oak
PoplarHazelNew)

(2 OakHazelAlderNew)- (1 Poplar
HazelAlderNew)

(2 OakHazelAlderNew)- (2 Poplar
HazelAlderNew)

-2.43E01

9.81E01

-2.26E+00

-1.49E+00

-8.11E01

-2.35E+00

-1.39E+00

-1.54E01

1.54E+00

2.31E+00

1.33E+00

7.32E01

1.21E+00

3.78E+00

3.22E+00

3.37E+00

1.58E+00

2.50E+00

3.44E+00

1.54E+00

3.25E+00

4.47E+00

1.23E+00

2.00E+00

2.68E+00

1.14E+00

2.10E+00

3.33E+00

7.67E01

-2.09E01

-8.11E01

-3.31E01

2.23E+00

1.67E+00

1.8434792

2.2253038

1.6821716

1.7089169

1.756293

1.6847655

1.726371

1.880725

0.6906642

0.9646216

0.7499699

0.5882282

0.7122141

1.683776

1.2868797

1.3849436

0.454174

0.624244

0.9327546

0.4484094

0.8551727

1.5115825

0.4032441

0.5032905

0.6461188

0.4139317

0.5596974

0.9327546

1.113331

0.9335234

0.8093352

0.9034711

1.7731645

1.4018097

-1.32E01

4.41E01

-1.34E+00

-8.71E01

-4.62E01

-1.40E+00

-8.03E01

-8.20E02

2.23E+00

2.39E+00

1.78E+00

1.24E+00

1.70E+00

2.24E+00

2.50E+00

2.43E+00

3.48E+00

4.00E+00

3.69E+00

3.43E+00

3.80E+00

2.96E+00

3.06E+00

3.97E+00

4.14E+00

2.75E+00

3.76E+00

3.58E+00

6.89E01

-2.24E01

-1.00E+00

-3.67E01

1.26E+00

1.19E+00

1

1
0.999763486
0.999999915

1
0.999550505
0.999999984

1
0.853313604
0.753513684
0.98591754
0.999932559
0.992020975
0.848534567
0.676253155
0.725576022
0.083361723
0.013648186
0.042128596
0.097629874
0.028946015
0.322300884
0.258480106
0.014958894
0.007626997
0.477617025
0.03323161
0.061285148
0.999999999

1
0.999998694

1
0.999917044

0.999967128
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(2 OakHazelAlderNew)- (3 Poplar
HazelAlderNew)

(2 OakHazelAlderNew)- (1 Bramble
AlderQld)

(2 OakHazelAlderNew)- (2 Bramble
AlderQld)

(2 OakHazelAlderNew)- (3 Bramble
AlderQld)

(2 OakHazelAlderNew)- (1 OakHazel
AlderQld)

(2 OakHazelAlderNew)- (2 OakHazel
AlderQld)

(2 OakHazelAlderNew)- (3 OakHazel
AlderQld)

(2 OakHazelAlderNew)- (1 Oak
PoplarHazelOld)

(2 OakHazelAlderNew)- (2 Oak
PoplarHazelOld)

(2 OakHazelAlderNew)- (3 Oak
PoplarHazelOld)

(2 OakHazelAlderNew)- (1 Poplar
HazelAlderOld)

(2 OakHazelAlderNew)- (2 Poplar
HazelAlderOld)

(2 OakHazelAlderNew)- (3 Poplar
HazelAlderOld)

(3 OakHazelAlderNew)- (1 Oak
PoplarHazelNew)

(3 OakHazelAlderNew)- (2 Oak
PoplarHazelNew)

(3 OakHazelAlderNew)- (3 Oak
PoplarHazelNew)

(3 OakHazelAlderNew)- (1 Poplar
HazelAlderNew)

(3 OakHazelAlderNew)- (2 Poplar
HazelAlderNew)

(3 OakHazelAlderNew)- (3 Poplar
HazelAlderNew)

(3 OakHazelAlderNew)- (1 Bramble
AlderQld)

(3 OakHazelAlderNew)- (2 Bramble
AlderOld)

(3 OakHazelAlderNew)- (3 Bramble
AlderOld)

(3 OakHazelAlderNew)- (1 OakHazel
AlderQld)

(3 OakHazelAlderNew)- (2 OakHazel
AlderOld)

(3 OakHazelAlderNew)- (3 OakHazel
AlderQld)

(3 OakHazelAlderNew)- (1 Oak
PoplarHazelOld)

(3 OakHazelAlderNew)- (2 Oak
PoplarHazelOld)

(3 OakHazelAlderNew)- (3 Oak
PoplarHazelOld)

(3 OakHazelAlderNew)- (1 Poplar
HazelAlderOld)

(3 OakHazelAlderNew)- (2 Poplar
HazelAlderOld)

(3 OakHazelAlderNew)- (3 Poplar
HazelAlderOld)

(1 OakPoplarHazelNew)- (2 Oak
PoplarHazelNew)

(1 OakPoplarHazelNew)- (3 Oak
PoplarHazelNew)

(1 OakPoplarHazelNew)- (1 Poplar
HazelAlderNew)

1.83E+00

3.64E02

9.53E01

1.90E+00

-7.12E03

1.70E+00

2.93E+00

-3.10E01

4.57E01

1.13E+00

-4.05E01

5.60E01

1.79E+00

-9.76E01

-1.58E+00

-1.10E+00

1.47E+00

9.07E01

1.06E+00

-7.31E01

1.85E01

1.13E+00

-7.74E01

9.36E01

2.16E+00

-1.08E+00

-3.10E01

3.68E01

-1.17E+00

-2.08E01

1.02E+00

-6.02E01

-1.23E01

2.44E+00

1.4923403

0.7178336

0.8358778

1.0858371

0.7142003

1.0199663

1.6105567

0.6867437

0.7498749

0.8523383

0.6930732

0.7888424

1.0858371

1.151062

1.0528538

1.1268264

1.8967315

1.5551682

1.6372408

0.9842575

1.0733916

1.277701

0.9816108

1.2222148

1.745672

0.9618184

1.0078642

1.0862589

0.9663479

1.0371837

1.277701

0.8605006

0.9495777

1.797095

1.23B+00 ;999948665

5.07E02 1

L14B+00 4 999985692

L75E+00 ) 988764643

-9.97E03 1

L67E+00 4 993771621

L82E+00 ) 981774050

-4.52E01 1

6.10E01 1

L33B+00 4 999789652

-5.85E01 1

7.09E01 0.999999999

L65E+00 4 994682502

848E01 5 999999951

-1.50E+00 998648573

“975E0L ) 999999227

7.73801 0.999999993

5.83E01 1

6.48E01 1

“T43E01 ) 999999997

1.73E01 1

8.84E01 0.999999886

“789E0L 4 999999989

7.66E01 0.999999994

L.24B+00 4 999939199

-1.12E+00 ) 999989539

-3.08E01 1

3.39E01 1

-1.21E+00 0.9999564

-2.00E01 1

8.02E01 0.999999984

-7.00E0L 4 999999999

-1.29E01 1

L.36E+00 ) 999706547
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(1 OakPoplarHazelNew)- (2 Poplar 1.88E+00 1.4319596 1.31E+00
HazelAlderNew)
(1 OakPoplarHazelNew)- (3 Poplar 2.04E+00  1.5206964 1.34E+00

0.999829465

HazelAlderNew) e 0
(1 OakPoplarHazelNew)- (1 Bramble 2.45E01 0.7750632 3.16E01 1
AlderQld)

(Allie:IgIID(;))plaFHazelNew)- (2Bramble 1.16E+00 0.8855109 1.31E+00 0.999836266
%(j)ee:lng(;J)plaFHazelNew)- (3Bramble 2.11E+00 1.124491 1.87E+00 0.974075041
(1 OakPoplarHazelNew)- (1 Oak 2.02E01 0.7716994 2.61E01 1
HazelAlderOld)

(1 OakPoplarHazelNew)- (2 Oak 1.91E+00  1.0610227 1.80E+00
HazelAlderOld) Orsteearadlh
(1 OakPoplarHazelNew)- (3 Oak 3.14E+00 1.6368661 1.92E+00
HazelAlderOld) e LY
(1 OakPoplarHazelNew)- (1 Oak -1.01E01 0.746361 -1.36E01 1
PoplarHazelOld)

(1 OakPoplarHazelNew)- (2 Oak 6.66E01 0.8048293 8.27E01
PoplarHazelOld) U
(1 OakPoplarHazelNew)- (3 Oak 1.34E+00  0.9010651 1.49E+00
PoplarHazelOld) Okl
(1 OakPoplarHazelNew)- (1 Poplar -1.97E01 0.752189 -2.62E01 1
HazelAlderOld)

(1 OakPoplarHazelNew)- (2 Poplar 7.68E01 0.8412551 9.13E01

HazelAlderOld) R
(1 OakPoplarHazelNew)- (3 Poplar 2.00E+00 1.124491 1.78E+00
HazelAlderOld) CRetath el
(2 OakPoplarHazelNew)- (3 Oak 4.80E01 0.8278015 5.79E01 1
PoplarHazelNew)

(2 OakPoplarHazelNew)- (1 Poplar 3.04E+00  1.7358306 1.75E+00
HazelAlderNew) e
(2 OakPoplarHazelNew)- (2 Poplar 2.48E+00 1.3542768 1.83E+00 0.979556702
HazelAlderNew) ’

(2 OakPoplarHazelNew)- (3 Poplar 2.64E+00  1.4477828 1.82E+00
HazelAlderNew) iR
’(Azlc(i)ee:IgTéJ)plaFHazelNew)- (1 Bramble 8.47E01 0.6199036 1.37E+00 0.999678221
(Azliarllgi;plarHazelNew)— (2Bramble 1.76E+00  0.7534501 2.34E+00 0.790094918
%(%?éigplaFHazelNeW)- (3Bramble 2.71E+00 1.023737 2.65E+00 0.560434642
(2 OakPoplarHazelNew)- (1 Oak 8.04E01 0.6156926 1.31E+00
HazelAlderOld) GiskkEeas
(2 OakPoplarHazelNew)- (2 Oak 2.51E+00  0.9535862 2.64E+00
HazelAlderOld) Ottt
(2 OakPoplarHazelNew)- (3 Oak 3.74E+00  1.5693591 2.38E+00
HazelAlderOld) 0.762737551
(2 OakPoplarHazelNew)- (1 Oak 5.01E01 0.5836199 8.58E01 0.999999938
PoplarHazelOld) ’

(2 OakPoplarHazelNew)- (2 Oak 1.27E+00  0.6567402 1.93E+00 0.963532806
PoplarHazelOld)

(2 OakPoplarHazelNew)- (3 Oak 1.95E+00 0.7716708 2.52E+00 0.65929236
PoplarHazelOld) ’
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Table Bl — Pairwise comparison of the means subquesti@ comparing 2019 and 202TThe comparisons were

R2yS dzaiy 3

¢ dz] S enneany&Kkage?Viersian A.6(Kentli et 8., 2020)Significant differences (i

0.05) are marked in green, insignificant differences ( p > 0.05) are marked inrgek Comparisonaumn, the

y dzY 6 § N&

a m ¢ depictithedifereht yidght @lasses of saplinksight class 1 includes saplings <50 cm, height

class 2 includes saplings of-520 cm, and height class 3 includes saplings of1Blilcm.Also in the Comparison
column,brackets clarify the names of the habitat types. The difference in mean is estimated by subtracting the second
category from the first category, as stated in the Comparison column.

Figure
in

thesis

Figure
27

Model Comparison

Change ~HC*RP 1-2

1-3
2-3

Figure Change ~ HC * Habitat (BrambleAlder)- Grassland

28

(BrambleAlder)- (OakHazelAlder)
(BrambleAlder)- (OakPoplarHazel)
(BrambleAlder)- (PoplarHazelAlder)
(BrambleAlder)- Spruce

Grassland (OakHazelAlder)
Grassland (OakPoplarHazel)
Grassland (PoplarHazelAlder)
Grassland Spruce

(OakHazelAlder)- (OakPoplarHazel)
(OakHazelAlder)- (PoplarHazelAlder)
(OakHazelAlder)- Spruce
(OakPoplarHazel) (PoplarHazelAlder)
(OakPoplarHazel) Spruce
(PoplarHazelAlder)- Spruce

Estimated
difference
in means
-58.079242
-62.263954
-4.184712
-1.458333

8.275
-2.518939
-4.013889
-6.691667

9.733333
-1.060606
-2.555556
-5.233333

-10.793939
-12.288889
14.966667
-1.494949
-4.172727
-2.677778

SE

24.69931

24.69931
24.69931
4.961265

4.961265
4.860004
5.082289
4.961265
4.677525
4.569982
4.8057
4.677525
4.569982
4.8057
4.677525
4.70109
4.569982
4.8057

t ratio p value

-2:3514524 4 05165196

-2.5208787  0,03363752

-0.1694263 .98430095

-0.2939439 ) 99970047

1.6679214 (55501561
-0.5182999  (,99539448
-0.7897797  0.96891231
-1.3487824  0.75721024
2.0808724  0.30271292
-0.232081  0.99990638
-0.5317759  0.99480519
-1.1188252 (87296381
-2.3619218 (.17631682
-2.5571483  ,11436262
-3.1996976  .02032604
-0.3180006 0.99955984
-0.9130731  (.94268154
-0.5572086 0.99353927

Table B Pairwise comparison of the means subquesti8n¢ KS O2 YLI NAazya ¢SNB R2yS dza
with the emmeanspackage, version 1.6(Lenth et al., 2020)Significant differences (#{0.05) are marked in

green, insignificant differences ( p > 0.05) are marked in red.

Figure
in
thesis
Figure
31A

Model Comparison

Bramble Height ~ Yeal 2017-2019

2017-2021
2019-2021

Estimated
difference
in means

15.871667

14.2757
-1.595967

SE

6.381481

6.381481
6.381481

t ratio p value

2.4871448 0.03659579

2.2370513 0.06781785
-0.2500935 0.96611489
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