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1 Inleiding

Maurice HOFFMANN12

10nderzoeksgroep Terrestrische Ecologie, Vakgroep Biologie, Universiteit Gent, K. L. Ledeganckstraat 35, B-9000 Gent

2 Onderzoekscel Landschapsecologie en Natuurbeheer, Instituut voor Natuurbehoud, Kliniekstraat 25, B-1070 Brussel

11 Historiek en onderzoeksaanpak

Nadat in 1996 de Ecosysteemvisie voor de Vlaamse kust werd opgemaakt (Provoost & Hoffmann (red.) 1996) en nadat
voor verscheidene Vlaamse natuurreservaten een beheersplan werd opgemaakt (ondermeer Hoys et al. 1996a, b) met de
ecosysteemvisie als leidraad, werd in die periode in een aantal Vlaamse natuurreservaten (jaarrond) begrazing als
hoofdbeheersmaatregel ingesteld. Sinds de introductie van grote grazers en tot september 2002 wordt hun impact ook
opgevolgd via een permanent lopend monitoringsprogramma. De meeste onderdelen van het monitoringprogramma
worden tot op heden voortgezet.

Het eerste monitoringsproject, getiteld "Monitoring van de effecten op vegetatie, flora en fauna van het beheer in de
natuurreservaten en gewestelijke domeinen langs de Vlaamse kust" (project AN.GKB/I996/nr.2) liep van | oktober 1996
t.e.m. 30 september 1999 en resulteerde in een driedelig eindrapport (Bonte et al. 2001, Cosyns et al. 2001; De Maeyer et
al. 2001). Aansluitend werd in oktober 1999 gestart met deze onderzoeksopdracht, getiteld “Evaluatie Begrazing
Kustduinen” (EBeKus) (project AN.GKB/1999/nr.2). Daarnaast werd heel wat wetenschappelijkonderzoek uitgevoerd in
de kustduinen, vaak geheel of gedeeltelijk kaderend binnen de opdracht van de monitoringsprojecten. Bovendien werden
de monitoringsresultaten, voor zover ze betrekking hebben op begrazing, die werden verzameld in een derde
monitoringsprogramma, met name de onderzoeksopdracht *“Monitoring Natuurherstel 1Jzermonding” (project
AN.GKB/200l/nr.I) (Hoffmann et al. 2005) eveneens in dit eindrapport verwerkt.

In het kader van de onderzoeksopdracht “Evaluatie Begrazing Kustduinen” werden twee doctoraatsbursalen
aangeworven (Katrien De Maeyer en Peggy Criel), elk voor een periode van twee jaar. Zij verzamelden informatie
inzake respectievelijk konijnenbegrazing en arachno- en mestfauna. De monitoringsopdracht omvatte echter veel meer
dan hetgeen door hen kon worden uitgevoerd. In meer of mindere zin kaderend in voormelde (drie)
onderzoeksopdrachten, werden sinds 1996 36 MSc-thesissen (licentieverhandelingen of scripties) opgemaakt, zagen drie
doctoraten het daglicht (Bonte 2004; Cosyns 2004; Lamoot 2004) en werden 84 internationale en nationale publicaties in
tijdschriften, proceedings en boeken opgemaakt, waarvan 36 gepubliceerd in, aanvaard in of ingediend bij internationale,
“peer-reviewde” tijdschriften. VVoor een overzicht verwijzen we naar het hoofdstuk referenties.

Omdat met name de onderzoeksresultaten verzameld in het kader van de drie doctoraten cruciaal waren voor de
begrazingsevaluatie, werd gewacht met de finale opmaak van dit eindrapport totdat alle doctoraten publiek verdedigd
waren. Het laatste doctoraat in de reeks van drie werd publiek verdedigd op 8 december 2004. Daarenboven werd geput
uit het op 21 maart 2005 verdedigde proefschrift van Couvreur, waarin aanvullende informatie inzake epizo6chore zaad-
en vruchtverbreiding door de ezels in de Houtsagerduinen wordt behandeld.

Dit eindrapport wordt ingevuld met specifiek hiervoor opgemaakte teksten, maar ook met de meest relevante publicaties
in tijdschriften en boeken. Omdat ze een rechtstreekse invulling zijn van twee deelopdrachten binnen de
onderzoeksopdracht, worden de doctoraten van Cosyns (2004) en Lamoot (2004) integraal opgenomen in dit eindrapport.
Daaraan is steeds een samenvattende tekst toegevoegd, die de belangrijkste conclusies betreffende de
begrazingsevaluatie weergeeft.

De studieopdracht bestond uit de volgende onderdelen:

in het studiegebied (de kustduinen tussen Duinkerke (Frankrijk) en Lombardsijde (Vlaanderen)) moeten:

> habitat- en dieetselectie van diverse soorten vee (runderen, paardachtigen) en wilde gewervelde herbivoren (konijn),
> de effecten van de diverse soorten en dichtheden van vee op flora, vegetatie, fauna, biotische processen,
> de verspreiding van diasporen via en het voorkomen van invertebraten in de uitwerpselen van het vee

nauwlettend bestudeerd, geanalyseerd en geévalueerd worden in functie van de nagestreefde natuurdoeltypes. Uit de
verwerking en analyse van de waarnemingen en de evaluatie van de effecten van de begrazing ten opzichte van de



nagestreefde natuurdoeltypes, worden aanbevelingen naar de beheerders toe inzake veekeuze, veedichtheden en periodiciteit
van de begrazing afgeleid.

1.2 NW-Franse en Vlaamse kustreservaten die geheel of gedeeltelijk begraasd worden
door geintroduceerde grazers.

In het duinengebied tussen Duinkerke en Lombardsijde wordt een toenemend aantal natuurgebieden geheel of gedeeltelijk
begraasd door geintroduceerde grote grazers. In tabel 11 wordt een globaal overzicht gegeven van de belangrijkste
natuurreservaten en -domeinen in de voormelde littorale zone met aanduiding van het al dan niet inzetten van grote grazers
voor beheersdoeleinden.

Tabel 1.1 - Globaal overzicht van de natuurreservaten en belangrijkste natuurdomeinen tussen Duinkerke en Lombardsijde met
aanduiding van de gebieden waar in de periode 1996-2004 begrazing werd toegepast als beheersmaatregel. Bron: GIS-bestanden van
de Afd. Natuur, cel Kustzonebeheer. (toestand 31 december 2004). nr.: verwijst naar gebiedsnummering in fig. 1.4; statuut: RN:
reserve naturelle; SC: site classée; VNR: Vlaams Natuurreservaat; ND: natuurdomein; ha: oppervlaktes in ha; begraasd ha: opperviak
dat begraasd wordt; grazers: alleen de door de beheerder gewild geintroduceerde grazers worden vermeld: xP: paard; bP: boerenpaard;
KP: Konik pony; HP: Haflinger pony, SP: Shetland pony; FP: fjordenpony; XE: ezel; xR: rund; SHR: Schots hooglandrund; GR:
gallowayrund, xS: schaap; MS: mergellandschaap; type: type van begrazing: wis: wisselende samenstelling; jr: jaarrondbegrazing;
win: winter; zom: zomer; her: herfst; periode: periode met begrazing (in jaren uitgedrukt en voor zover bekend); #: indicatie van het
aantal dieren (vaak wisselend en dan geen aantalsindicatie, zie daarvoor tabel 1.3).

begraasd type/ periode aanvullend beheer opmerking
nr. naam statuut ha ha grazers
LEFFRINCKOUCKE
Dunes de Leffrinckoucke SC 183,00 0
Dune Dewulf SC 47,00 0
ZUYDCOOTE-BRAY DUNES
Dunes Marchand RN 10800 ©  HP ?
BRAY DUNES
begrazing voorzien
Dunes du Perroquet SC ca. 208 0 vangf 2005 met
haflinger en boulonnees
schaap
GHYVELDE
1 Dune fossile de Ghyvelde e calld ca75 HP ir 96-04
DE PANNE
2 Garzebekeveld VNRIND 11,68 403  Wis wis 00-04  hooien parkeerweiden voor
' ' diverse grazers
3 Cabourweg VNR 143 126 MS sep-mrt 00-04  hooien
4 JYL-weide ND 2,10 210 SP jr 00-04 hpmen, _
distels maaien
5  Kromfortstraat VNR 2,59 259 SP win 0004 hooien,
distels maaien
6 Molendam ND 3,19 2,79 SP wis 00-04  distels maaien
7 Zuidmoerhoek ND 7,75 742  KP jr 00-04  distels maaien SS
De Westhoek VNR 344,15 142,14
jr 98-04  periodieke uit te breiden met ca.
8 Westhoek-noordblok VNR 52,82 52,82 KP/SHR verwijdering opslag 30 ha
(87
9 Westhoek - zuidblok VNR 4655 4655 SPISHR If 9704 periodieke dichtheid momenteel te
' ' verwijdering opslag hoog
10 Westhoek - oostblok VNR 4277 4277 SPIXE j(r7 2 02-04
Zwartenhoek VNR 20,19 3,34
11 Patattenakker 334 KP zom distels maaien SS
Oosthoekduinen VNR 79,52 18,39
12 coc 18 xS sep-mrt (3)  03-04
13 Duinzoom, weiland 940  SHR/KP fz_rg)/ ir 00-04  distels maaien
14 Duinzoom, hooiweide 458  SHR win (4) 00-04  hooien

15 Houtsaegerduinen en Kerkepannebos VNR/ND 86,01 7672 xE jr(6-28) 97-04
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Figuur 1.1 - Ligging van de beheerde duingebieden langs de Vlaamse Westkust (toestand op 31 december 2004; informatiebron Min.
Vlaamse Gemeenschap, Afd. Natuur) en ligging van het door Haflinger pony 's begraasde deel van de Dunefossile de Ghyvelde. De
belangrijkste toponiemen van natuurgebieden zijn aangegeven.Op Vlaams grondgebied betreft het zowel Vlaamse natuurreservaten,
erkende natuurreservaten, natuurdomeinen, openbare bossen, domeinbossen als militaire domeinen.
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Monitoring- en onderzoeksactiviteiten werden geconcentreerd in de grootste en langst met begrazing beheerde gebieden.
Dit zijn Dune fossile de Ghyvelde, VNR De Westhoek, VNR De Houtsaegerduinen, de Doornpanne (IWVA), VNR Ter
Yde en VNR De 1Jzermonding. In tabel 1.2 wordt weergegeven wat waar werd opgevolgd of onderzocht. In tabel 1.3
worden, voor zover de informatie beschiokbaar was, de in de duingebieden ingezette herbivoren weergegeven per jaar

sinds begrazing werd ingesteld.



Tabel 1.2 - Locaties tussen Duinkerke en Lombardsijde waar monitorings- en onderzoeksactiviteiten tussen 1996 en 2004
plaatsvonden in het kader van de evaluatie van de begrazing.

eenmalig specifiek - N
repetitieve monitoring

onderzoek
@ g’ E’ ©
5 2 T & w o =
2 g @ = S = c T
_ g s & = & £ & 2 %
gebied 23§32 % &8 8 £ &
= @ > o v ) > S
o @ kel ) e > © <
< 5 I k=] =
= © b [3+

NoE

Dune fossile de Ghyvelde X - X X - - -
VNR Westhoek (N) X X X X X X X X
VNR Westhoek (Z) X X X X X X X X
VNR Houtsaegerduinen X X X - - X X X X
Doornpanne (IWVA) - - X X - - - - -
VNR Ter Yde - - X - - - - - -
VNR De Jzermonding - - X X - X X - -

Tabel 1.3 - De (al dan niet door de beheerder gewild) geintroduceerde grote grazers in de studiegebieden waar monitorings- en/of
onderpoeksactiviteiten plaatsvonden langs de NW-Franse en Vlaamse Westkust.

De getallen geven het maximum aantal dieren weer in het betreffende jaar; regelmatig nam het aantal dieren in de loop
van hetzelfde jaar weer af door sterfte of door wegnemen van veulens of volwassen dieren. Begrazingstype: JR:
jaarrondbegrazing, Z-H-W-L: seizoensbegrazing in respectievelijk zomer, herfst, winter of lente; W: willekeurige
begrazing afhankelijk van grazerbeschikbaarheid; ...; S: stootbegrazing in ingerasterde delen van het reservaat.
Informatie op basis van Cosyns et al. (2001), Meert (2002), Somers (2002), schrift, med. L. Faucon (Conseil générale du
Departement du Nord), R. Driessens (IWVA), M. Leten en H. Van Nieuwenhuyse (Afd. Natuur, Cel Kustzonebeheer)).

Gebied, jaar u

8.

w c 2 > k) 5 o

A . y o2 5 « £ 2

b “ g 5§53y I F % OS
Dune fossile de Ghvvelde
1996 JR - - - - - - - 1 -
1997 JR . - - - - - - 10
1998 JR - - - - - - 10 -
1999 JR - - - - - B -
2000 JR - - - - - 18 -
2001 JR - - - - - -7 -
2002 JR - - - - - - 15 -
2003 JR - - - - - - il -
2004 JR - - - -2 -
VNR VVesthoek-iNoord
1998 JR - 2 - - - 2 - 3
1999 JR - 2 - - - 5 - 3
2000 JR - 4 - - - 8 - 3
2001 JR - 6 - - - 7 - ?
2002 JR - - ? - - - 7 - 7
2003 R - -7 - - - 7 - 7
2004 JR - - ? - - - 7 - 7
VNR De Westhoek-Zuid
1997 JR - 8 3
1998 JR 3 15 3
1999 JR 4 21 3
2000 JR 4 19 3
2001 JR 5 29 -
2002 JR ? 17 -
2003 JR 9 7 -
2004 JR 7 7 -
VNR Houtsaegerduinen
1997 R - - - - 6 - - - -
1998 JR - - - - - - - -
1999 JR - - - - 12 - - - -

2000 JR . - - - 15 - - - -



2001 JR -
2002 JR - -
2003 JR - -
2004 JR

Doornpanne (IWVA)

1996 JR - -
1997 JR - -
1998 JR - -
1999 JR - -
2000 JR - -
2001 JR - -
2002 JR - -
2003 JR - -
2004 JR - -
VNR Ter Yde (HT : deel Home G. Theunis : Y: deel Ter Yde)
1998 HWL 6

1999 HWL 14

2000 HWL 26~>21

2001 HWL 12

2002 HWL 10

2003 HWL 10-12(HT)

2004 HWL 0

VNR Jzermonding

1998 HWL ? 4
1999 HWL 6 4
2000 HWL 13 4
2001 HWL ? 4
2002 HWL ? 3
2003 HWL ? 3
2004 HWL - -

4(HT;/3(Y)
5(HT)/4-5(Y)
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Figuur 1.2 - Begrazingseenheden in de gebieden waar waarnemingen werden gedaan in het kader van deze studieopdracht.

Grazertype en combinatie kan sindsdien gewijzigd zijn (bv. in Ter Yde).
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Figuur 1.3 - Monitoringsites in het VNR De Westhoek en Houtsaegerduinen, waar reeds sinds 1996 monitoringsactiviteiten worden
uitgevoerd, ondermeer inzake flora en vegetatie en arachnofauna (zie hoofdstuk 4 en 7); tussen haakjes wordt de afgekortingscodes
weergegeven, die gebruikt werd in het arachnofauna-onderzoek.
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1.3 Doelstellingen van het begrazingsbeheer in de kustduinen van de Westkust

Voor de beheersdoelstellingen van de begraasde duingebieden waarbinnen monitoringsactiviteiten werden ondernomen
(zie tabel 1.2), beroepen we ons op de beheersplannen voor de respectievelijke natuurreservaten, met name van het
Vlaams natuurreservaat De Westhoek (Hoys et al., 1996a) en VNR Houtsaegerduinen (Hoys et al., 1996b) en het
natuurherstelplan van het VNR De 1Jzermonding (Hoffmann et al. 1996). Voor beheersdoelstellingen voor het VNR Ter
Yde, het natuurdomein De Doornpanne en le Dune fossile de Ghyvelde wordt gebruik gemaakt van respectievelijk Van
Nieuwenhuyse (2003), IWVA (1994) en Biotope (1996). Habitatdoeltypes zoals vermeld in de ecosysteemvisie
(Provoost & Hoffmann (red.), 1996 werden later vertaald in habitats binnen de habitatrichtlijn; In tabel 1.4 wordt de
relatie gegeven tussen de habitatsdoeltypes zoals vermeld in Provoost & Hoffmann (red., 1996) en de
habitatrichtlijncode en -naam ervoor, zoals gegeven in Sterckx & Paelinckx (2003).

Tabel 1.4 - Relatie tussen de in dit rapport vermelde habitatdoeltypes van de Ecosysteemvisie en de habitatrichtlijnomschrijving en -
code van overeenstemmende habitats.

Habitatdoeltype Code Omschrijving habitat in de habitatrichtlijn

(0.b.v. Provoost & Hoffmann (red.), 1996) (0.b.v. Sterckx & Paelinck, 2003)

Slikken en schorren, getijdengeul 1130 Estuaria

Slikken 1140 Bij eb droogvallende slikwadden en zandplaten

Slikken, schorren 1310 Eenjarige pioniersvegetaties val slik- en zandgebieden met
Salicorniasoorten en ander zoutminnende planten

Schorren 1320 Schorren met slijkgasvegetatie (Spartinion maritimae)

Schorren 1330 Atlantische schorren (Glauco-Puccinellietalia maritimae)

Stuivend open duin 2110 Embryonale wandelende duinen

Stuivend open duin 2120 Wandelende duinen op de strandwal met Ammophuila

arenaria (witte duinen)



Habitatdoeltype Code Omschrijving habitat in de habitatrichtlijn

(0.b.v. Provoost & Hoffmann (red.), 19%) (0.b.v. Sterckx & Paelinck, 2003)

Mosduin; droog tot mesofiel 2130 Vastgelegde duinen met kruidvegetatie

duingrasland

Duin(doorn)struweel 2160 Duinen met Hippophae rhanmoides

Duin(doorn)struweel 2170 Duinen met Salix repens ssp. argentea (Salicornion arenaria)

Duinbos 2180 Beboste duinen van het atlantische, continentale en boreale
kustgebied

Natte  tot  vochtige  voedselarme 2190 Vochtige duinvalleien

duinvallei

Halfnatuurlijke ruigten van Gewoon
struisriet en zandzegge

Nat schraalland (6510/7210) (Leunt aan bij laaggelegen schraal hooiland, eventueel ook bij
kalkhoudende moerassen met Cladium mariscus en Carex
davalliana)

Nat strand - -

Kalkrijk mosduin en droog tot mesofiel 2130 Vastgelegde duinen met kruidvegetatie

duingrasland

Vochtig schraalland op (6510/7210) (Leunt aan bij laaggelegen schraal hooiland, eventueel ook bij

mineraal/humeus substraat kalkhoudende moerassen met Cladium mariscus en Carex
davalliana)

Duinplas 3140 Kalkhoudende oligo-/mesotrofe stilstaande wateren met
benthishce Chara vegetaties

Struweel, mantel- en zoombegroeiing 2160/2170 Duinen met Hippophae rhamnoides - Duinen met Salix

repens ssp. argentea (Salicomion arenariae)

1.3.1 Beheersdoelstellingen voor de begrazingsblokken in het VNR De Westhoek

Voor het VNR De Westhoek werd globaal gekozen voor het landschapsdoeltype gedempt-dynamisch tot halfnatuurlijk
duinlandschap. Dit wil zeggen dat enerzijds gekozen wordt voor procesbeheer (gedempt-dynamisch duinlandschap),
waarbij het landschap een continue ontwikkeling kan doormaken dankzij de optredende landschapsecologische
processen, en dat slechts processturing op gebiedsniveau optreedt, bij voorbeeld in functie van de noodzakelijke
zeewerende functie van de zeereepduinen, van waterwinning en van successieverschijnselen als verstruweling en
vergrassing. De introductie van grote grazers is hiermee gerelateerd.

Anderzijds wordt binnen het landschapsdoeltype halfhatuurlijk duinlandschap eerder gekozen voor patroonbeheer,
waarbij er vanuit gegaan wordt dat er onvoldoende ruimte en tijdsmogelijkheden zijn voor grootschalige differentiérende
processen, of dat bvb. kleine geisoleerde populaties van doelsoorten het risico lopen te verdwijnen. De ontginning van
struweel is hoofdzakelijk hiermee gerelateerd. Concrete habitat- of natuurdoeltypen binnen deze keuze zijn voor de
Westhoek: ‘slufter en groen strand', 'nat schraalland’, 'stuivend open duin’, 'mosduin en droog tot mesofiel duingrasland’,
'natte tot vochtige voedselarme duinvallei', 'struweel, mantel- en zoombegroeiing' en 'duinbos'.

Er werd voor de Westhoek geopteerd voor twee begrazingsblokken, later aangevuld met een derde begrazingsblok, waar
jaarrondbegrazing wordt toegepast met geintroduceerde grote herbivoren in lage dichtheden. Binnen het noordelijke en
zuidelijke begrazingsblok werden voorafgaandelijk aan of tijdens de begrazing, belangrijke oppervlakten struweel
ontgonnen, omdat dit habitatdoeltype erg dominant was geworden doorheen het hele reservaat, dit ten koste van meer
open, kortgrazige habitats. Er wordt verondersteld dat deze sites potentieel geschikt zijn voor de ontwikkeling of het
herstel van de habitatdoeltypen 'mosduin en droog tot mesofiel duingrasland’, 'nat schraalland' en eventueel 'natte tot
vochtige voedselarme duinvallei'. Er wordt verder verwacht dat deze habitatdoeltypen zich zullen kunnen ontwikkelen,
herstellen en instandhouden onder invlioed van de extensieve jaarrondbegrazing. Tevens wordt verwacht dat begrazing de
vegetatie van de Weide (nat schraalland) in stand zal houden zonder dat nog gehooid zal moeten worden.

Samenvattend kan uit het beheersplan afgeleid worden dat de beheersdoelstelling van de struweelontginning gevolgd
door begrazing en de begrazing in het algemeen is dat de habitatdoeltypen 'mosduin en droog tot mesofiel duingrasland’,
natte tot vochtige voedselarme duinvallei' en 'nat schraalland' gecreéerd, hersteld en/of in stand gehouden worden ten
koste van het aaneengesloten duin(doorn)struweel. Globaal wordt verder verwacht dat de vegetatiestructuur gevarieerder
en kleinschaliger wordt, waardoor ook de biodiversiteit zal toenemen, vooral van soorten gebonden van voedselarme
milieus en dat de terreinen een grotere belevingswaarde zullen uitoefenen op het publiek.

Enkele van deze beheersdoelstellingen kunnen in de hand gewerkt worden, indien struweelvormers (Salix repens,
Hippophae rhamnoides, Ligustrum vulgare) effectief begraasd worden en daardoor (in vitaliteit) achteruitgaan, en
doordat vergrassers (Calamagrostis epigejos, Holcus lanatus, ...) intensief begraasd worden, daardoor minder ruimte
innemen en de mogelijkheid geboden wordt voor de vestiging van echte duingraslandsoorten.

De in het beheersplan verder vermelde abiotische patroondoelstellingen zijn zeer moeilijk rechtstreeks te koppelen aan
de beheersvorm integrale jaarrondbegrazing. Meestal zijn deze abiotische patroondoelstellingen trouwens gekoppeld aan



biotische doelstellingen. Zo zijn klimatologische doelstellingen vooral geformuleerd in de zin van behoud of herstel van
een grote diversiteit aan meso- en microklimaten, die op zich gekoppeld zijn aan geomorfologische processen en aan de
vegetatiestructuur. De verwachte structuurverrijking vanwege begrazing zou normaliter dan ook positief moeten
bijdragen tot de microklimatologische diversiteit. De geomorfologische doelstellingen zijn niet rechtstreeks gerelateerd
aan de optie begrazing, net zo min als de hydrologische doelstellingen. Op pedologische omstandigheden wordt een
positief (diversifiérend) effect verwacht, hoewel ook gepleit wordt voor het behoud van kwetsbare bodems van oude,
voormalig begraasde systemen, van nooit door grote grazers beinvloede systemen, die een spontane successie tot
struweel en/of beginnend duinbos hebben gekend en van jonge, niet door grote grazers beinvloede jonge pannes.

De gestelde proces-, cultuurhistorische, archeologische, recreatief-educatieve en wetenschappelijke doelstellingen
interfereren niet rechtstreeks met de introductie van grote grazers, tenzij het verwachte positieve effect op de recreant en
uiteraard het hier besproken en ander onderzoek naar de effecten van beweiding en bemestingsdiversificatie op bodem en
biota.

Een derde, oostelijk begrazingsblok werd gerealiseerd in 2002. Deze oude panne wordt vrijwel volledig gedomineerd
door duinstruweel, dat niet voorafgaand aan de begrazing werd ontgonnen. Er werd een gemengde kudde van shetlander-
en ezelmerries geintroduceerd. Globale doelstelling hier was het onderdrukken van vergrassers (Calamagrostis epigejos,
Arrhenatherum elatius) en het intomen van verdergaande verstruweling. Om wetenschappelijke redenen werd een gelijk
aantal ponies en ezels geintroduceerd, dit om grazerverschillen in vergelijkbare omstandigheden te kunnen nagaan.
Wegens te late introductie enerzijds en gebrek aan scriptiestudenten anderzijds, kon deze opvolging echter niet gebeuren.

1.3.2 Beheersdoelstellingen voor de grazers in het VNR De Houtsaegerduinen

Voor het VNR de Houtsaegerduinen (Hoys et al., 1996b: 96-104) werd gekozen voor het landschapsdoeltype
halfnatuurlijk duinlandschap. 'Hoger' organisatieniveau (gedempt-dynamisch of dynamisch duinlandschap) was hier niet
aangewezen omwille van de beperkte oppervlakte, het onvolledig zijn van de geomorfologische en ruimtelijke gradiént
tot aan de zee en de hoge mate van hydrologische verstoring. Er werd geopteerd voor dezelfde globale begrazingsvorm
als voor de begrazingsblokken van het VNR De Westhoek, met name integrale jaarrondbegrazing met geintroduceerde
grote herbivoren in lage densiteit (in het hele reservaat).

De concrete habitatdoeltypen die men wenste te creéren, herstellen of instandhouden zijn dus ook tevens de
doelstellingen voor de begrazing. Het gaat hierbij met name om 'stuivend open duin’, 'mosduin en droog tot mesofiel
duingrasland', 'natte tot vochtige voedselarme duinvallei’, 'struweel en mantel- en zoombegroeiing' en 'duinbos'.

In het beheersplan wordt niet duidelijk aangegeven welke habitatdoeltypen in oppervlak zouden moeten toenemen en
welke eerder 'bestreden’ dienen te worden. Uiteraard zijn de niet gewenste habitatdoeltypen, die nu wel voorkomen, te
‘bestrijden’. Dit zijn met name de halfnatuurlijke grasruigten van Gewoon struisriet en Zandzegge.

Bij nadere studie van de habitatdoeltypen van de Houtsaegerduinen, kan geconcludeerd worden dat met de
grazerintroductie vooral gestreefd wordt naar:

Uitbreiding van het oppervlak stuivend open duin

Hoewel het beperkt zijn van het oppervlak stuivend duin vooral toe te schrijven is aan het ontbreken van contact met de
voorste zeereep en de daardoor beperkte eolische dynamiek binnen het reservaat, kan de grazeractiviteit eventueel toch
een positieve bijdrage leveren door het selectief begrazen van zandfixeerders, waarmee het 'op de stuif gaan' en daarmee
uitbreiden van open duin meer kansen krijgt.

Uitbreiding van het areaal mosduin en droos tot mesofiel duinsrasland (Cladonio-Koelerietalia)

Het oppervlak mosduin en duingrasland is zeer beperkt geworden. Het nam voor de grote verstruwelingsperiode veel
grotere oppervlakten in; de uitbreiding van hun areaal is zeer wenselijk gezien de hoge biodiversiteit en duinspecificiteit
van deze habitats.

Inkrimping van het areaal struweel. uitbreiding van mantel- en zoombegroeiing

Het feit dat beide habitatdoeltypen opgenomen zijn in het natuurstreefbeeld van de Houtsaegerduinen betekent alleen dat
gestreefd wordt naar een instandhouding van een zeker areaal struweel (samengesteld uit natuurlijke
duinstruweelvormers en niet uit soorten als Sleedoorn en Sering) en mantel- en zoombegroeiing; de huidige oppervlakte
aan struweel is echter ongewenst en dient in te krimpen ten voordele van de overige habitatdoeltypen; van de grote
grazers wordt verhoopt dat zij natuurlijke en uitheemse struweelvormers effectief begrazen en daardoor in vitaliteit
zullen doen achteruitgaan; algemeen wordt een meer gevarieerde vegetatiestructuur verhoopt met struweeleilanden
omgeven door mantel- en zoomvegetatie. Beide laatste zullen bij deze struweelversnippering in oppervlakte toenemen.
Dit is een gewenste evolutie aangezien verwacht wordt dat dit zowel structuur- als en precies daardoor
biodiversiteitverrijkend zal zijn. De zoom- en mantelvegetaties zijn biologisch vaak bijzonder rijk met heel wat binnen



Vlaanderen vrij duinspecifieke Midden-Europese tot Pontische flora-elementen, ze hebben ook een belangrijke
refiigium- en/of overwinteringsfunctie voor invertebraten.

Toename van spontane verbossine en achteruitgang van aanseplant duinbos

Grote delen van de Houtsaegerduinen zijn beplant geweest met bomen, anderzijds is heel wat spontane opslag van
natuurlijke duinbosvormers waar te nemen (Zomereik, Gewone es, Ruwe berk, Grauwe wilg). Het wordt wenselijk
geacht dat kunstmatige aanplanten achteruitgaan, maar dat spontane bosvorming een kans krijgt; het effect van de
geintroduceerde grote grazers moet in deze context grondig opgevolgd worden, aangezien verwacht mag worden dat de
sporadische boomopslag mee begraasd zal worden en de spontane bosvorming zal vertragen of zelfs belet worden.
Anderzijds is ook Gewone esdoorn een spontane bosvormer in de Houtsaegerduinen; hoewel de discussie over de
wenselijkheid van verbossing door deze soort nog niet ten einde is, zal het zeker geen doelstelling zijn om het hele
reservaat te laten evolueren naar door esdoorn gedomineerd bos. Het effect van de grazers op deze in relatief mesofiele
tot droge omstandigheden (zoals in de Houtsaegerduinen) agressieve bosvormer moet opgevolgd worden.

Afname van halfnatuurliike ruisten van Gewoon struisriet en Zandzegge

Het successiestadium na aftakeling van droge duindoomstruwelen is in veel gevallen een uiterst soortenarme Gewoon
struisrietruigte, die in de Houtsaegerduinen een toenemend oppervlak begint in te nemen; van de introductie van grote
grazers wordt verwacht dat zij als preferentiéle grazers (i.e. graseters) de vegetatievormer in deze ruigten terug zal
dringen ten voordele van soorten uit onder meer droge tot mesofiele duingraslanden.

Wat niet rechtstreeks onder de doelstellingen van het begrazingsbeheer valt is uitbreiding van natte tot vochtige
voedselarme duinvalleien

De achteruitgang hiervan is met name toe te schrijven aan verdroging. Alleen relatief grootschalige milieubouw
(ontstruweling en afgravingen) kan hier soelaas brengen; achteraf kan verwacht worden dat begrazing wel kan bijdragen
tot de instandhouding van dit habitatdoeltype.

1.3.3 Natuurbeheersdoelstellingen voor het VNR Ter Yde

Voor de natuurbeheersdoelstellingen voor het VNR Ter Yde, waar binnen deze studieopdracht onderzoek is verricht naar
de bijdrage van mergellandschaap en konijn tot de endozodchore verbreiding van zaden, beroepen we ons op het recente
beheersplan voor dit gebied (Van Nieuwenhuyse, 2003). Er werd hier en daar aangevuld met enkele specifieke
verwachtingen van het begrazingsbeheer.

De hoofddoelstelling van natuurbehoud geformuleerd in het Decreet op het Natuurbehoud van 21oktober 1997 (B.S.
10/01/1998), gewijzigd door het decreet van 19 juli 2002 (B.S.31/08/2002), wordt, in overeenstemming met de
gebiedsdoelstellingen (Hoffmann et al., 1999), voor het Vlaams Natuurreservaat Ter Yde geinterpreteerd als “het
maximaal in de biologische diversiteit tot uitdrukking laten komen van de abiotische toestand en potenties van het
gebied”.

Habitatdoeltypes

Van de tien voor het Ter Yde-duinencomplex uitgewerkte habitatdoeltypes (Hoffmann et al., 1999) worden er acht
binnen de perimeter van het huidige Vlaams natuurreservaat Ter Yde nagestreefd. Een deel ervan is reeds aanwezig, een
deel kan gerealiseerd worden via het nodige omvormingsbeheer. Deze doeltypes zijn nader omschreven in de
“Ecosysteemvisie van de Vlaamse Kust” (Provoost & Hoffmann, 1996), we geven hieronder slechts een beknopte
omschrijving ervan.

G2 Nat strand

Aangezien het hier om een vegetatieloze habitat gaat, kan het niet gekarakteriseerd worden op basis van hogere planten.
Het is een deel van het VNR Ter Yde dat normaliter niet door grote herbivoren zal beinvioed worden, omdat het niet
binnen het veeraster zal liggen. Bij gebrek aan vegetatie zal het ook door wilde vertebrate herbivoren niet begraasd
worden.

Het nat strand bestaat uit door de getijdenbeweging vanuit de zee gevormde zandstranden met een specifiek reliéf van
killen, zwinnen, ruggen en muien, die tweemaal per etmaal door het getij overspoeld worden. Het overspoelde water
heeft door de sterke invloed van de Noordzee geen specifieke planktongemeenschap. Er heerst een hoge dynamiek van
de bodem door voortdurende sedimentatie- en erosieprocessen, er zijn snelle temperatuurs- en zoutgehaltewisselingen en
er is vaak een grote troebelheid van en in de brandingszone. Zeer karakteristiek voor dit milieu zijn
diatomeeéngemeenschappen van droogvallende zand- en slikplaten en de relatief soortenarme, maar qua biomassa rijke
en hoogproductieve bodemfauna. Op haar beurt levert die bodemfauna veel voedsel op voor epibentische
ongewervelden, vissen (Schol, Tong) en vogels (steltlopers).



Het strand voor de Zeebermduinen is gevrijwaard van kunstmatige begrenzingen (duinvoetversterking, kunstmatige
strandophopingen), waardoor deze habitat ruimtelijk min of meer intact is.

D2 Stuivend open duin

Ammophilion arenarii: humusarme stuifduinen met Helm (Ammophila arenaria) en Duinzwenkgras (Festucajuncifolia),
deels te situeren in de Zeebermduinen, waar geen inrastering van grote herbivoren voorzien is, deels als secundair
stuivend open duin, op de vroegere inplantingsplaats van de Home George Theunis, in het begraasde deel van het VNR
Ter Yde gelegen. Behalve door mechanische verstoring, wordt geen grote impact verwacht van de grote herbivoren. Ze
kunnen wel bijdragen tot secundaire verstuiving.

Een type dat soms hier wordt ondergebracht maar zowel in habitatrichtlijn (Sterckx & Paelinckx, 2003) als in de
natuurtypologie (Vandenbussche et al., 2002) onderscheiden wordt is de habitat 2110: Embryonale wandelende duinen
of het natuurtype Cl Vloedmerkvegetaties met Stekend loogkruid, dat onderdeel uitmaakt van het habitatdoeltype
Hoogstrand (Provoost et al., 1996). De vegetaties behoren tot het Atriplicion littoralis en Salsolo-Honckenyion peploidis
(vloedmerkvegetaties met Stekend loogkruid (Salsola kali ssp. kali) en Zeeraket (Cakile maritima) en het Agropyro-
Honckenyion peploidis (embryonale duinen met Biestarwegras (Elymusfarctus)). De locaties waar dit habitatdoeltype tot
ontwikkeling kan komen is niet bereikbaar voor grote grazers.

D3 Kalkrijk mosduin en droog tot mesofiel duingrasland

Tortulo-Koelerion: kalkrijke mosduinen en pionierduingraslanden met Zanddoddegras (Phleum arenarium) en Groot
duinsterretje (Tortula ruralis ssp. ruraliformis)

Polygalo-Koelerion: droog kalkrijk duingrasland met Liggend bergvlas (Thesium humifusum) en Geel walstro (Galium
verum)

Plantagini-Festucion: droog, kalkmijdend grasland met Gewoon struisgras (Agrostis capillaris), Gewoon gaffeltandmos
(Dicranum scoparium) en Geel walstro (Galium verum).

Hier wordt van de herbivoren verwacht dat zij een grote en positieve impact hebben op de instandhouding van het
duingraslandtype, anderzijds kan verwacht worden dat het betredingsgevoelige mosduin beinvioed wordt door mogelijke
aanzet tot verstuiving door openbreken van de moslaag; anderzijds is het waarschijnlijk dat begrazingsongevoelige of
positief op begrazing reagerende plantensoorten (bv. de meeste grassoorten) vooruit zullen gaan al dan niet ten koste van
de moslaag en begrazingsgevoelige kruidachtigen.

D3 Natte tot vochtige voedselarme duinvallei

Het betreft plantengemeenschappen met een wvrij open vegetatiestructuur en een belangrijk aandeel van
kalkmoerassoorten. Het zijn vaak relatief korte vegetaties met een door Kruipwilg bepaalde structuur en een
aanvankelijk nog niet door pleurocarpe mossen gesloten moslaag. Deze vegetaties treden vaak gemengd met de
inslaggemeenschappen van het Verbond van Zeevetmuur (zie Natuurtypen Slik & Schor) op. Door de combinatie van
een Kkalkrijk en voedselarm substraat met hoge bodemvochtigheid zijn vochtige duinvalleien rijk aan (specifieke) soorten.
Binnen het gebied zorgt de geomorfologische dynamiek van de grote paraboolduinen voor een continue nieuwvorming
van jonge, vochtige pannevloeren. De oudere stadia zijn vooral te vinden in het voormalige Theunis-domein.

Caricion davallianae p.p. (Junco baltici-Schoenetum nigricantis trifolietosum) Westhoff ex Westhoff et Van Oosten
1991 (+ Centaurio-Saginetum)

D6 Vochtig schraalland op mineraal/humeus substraat

Dit zijn de hooilanden en begraasde graslanden op grondwaterbeinvloede, zelden of nooit overstroomde, maar periodiek
wel oppervlakkig uitdrogende, minerale of humeuze bodem. Het grond- en/of oppervlaktewater is van oligotrofe
kwaliteit en de graslanden worden niet of slechts zeer beperkt (b.v. met vissersafval) bemest. Dergelijke graslanden zijn
in VNR Ter Yde te vinden in oudere pannen. Zij kunnen er in contact staan met drogere graslanden van het Polygalo-
Koelerion. Dit habitattype kan ook belangrijk zijn voor weidevogels. In het VNR Ter Yde is dit type slechts relictueel
ontwikkeld in enkele beheerde percelen van Ter Yde s.s.

D8 Duinnlas

Tot dit type behoren zowel de grotere duinmeren als de kleine stilstaande wateren met oeverbegroeiing. Aan onze kust
ontstaan geen duinmeren meer op natuurlijke wijze (gevormd door kustaangroei omdat bij duinverbreding van het
duinlichaam een opbolling van de grondwaterspiegel optreedt) en zijn ze allemaal gegraven (veedrinkpoelen,
zandwinning). (Half-)natuurlijke duinplassen kunnen een hele reeks bijzondere dieren en planten herbergen, vanwege het
voedselarme, heldere water en de rust (Bronmos, Kranswieren, Fonteinkruiden, libellen, waterkevers,...). Oudere
duinplassen of plassen op de duinpolderovergang zijn meestal op natuurlijke wijze aangerijkt en veenvorming (mesotrofe
plassen)

Kleinere duinplassen treffen we in het VNR Ter Yde aan in recent gegraven en geplagde pannen. Grote grazers zullen er
zowel een graasinvloed, een betredings- en aanrijkingsimpact op hebben.



DIO Struweel, mantel- en zoombegroeiing

Dit type omvat struwelen en zoomvegetaties verspreid over de breedte van het duin, maar vooral in het middenduin, het
binnenduin en de duinzoom. De meeste struwelen zijn geévolueerd uit de beginfase van de successie, nl.
duindoornstruweel. Een vermeldenswaard onderdeel is het natte duinstruweel dat ontstaat in natte duinvalleien of op
plaatsen met een beperkte afwatering. Binnen het Ter Yde-gebied zijn zowel de struwelen als de zoomvegetaties
momenteel zeer goed ontwikkeld. Onder de struwelen komen zowel jongere (duindoornstruweel), middeloude
(duindoorn-vlierstruweel, duindoorn-wilde ligusterstruweel) als oudere stadia (gemengde en aftakelende struwelen) voor.
Wegens het pionierende karakter wordt verwacht dat in de toekomst steeds meer struwelen zullen openvallen en
evolueren naar duinrietsteppes of gemengd loofbos. Van de grote grazers wordt in dat geval verwacht dat ze de
vergrassing van dit senescerend struweel zullen beperken en de vegetatie doen evolueren richting duingrasland. Ook bij
ontginning van het struweel wordt een dergelijke sturing (inperken van verruiging en struisrietvergrassing, ontwikkelen
van duingrasland) door begrazing verwacht.

Pil Spontaan verjongend duinbos

Dit type omvat bosgemeenschappen van kalkrijke tot enigszins ontkalkte, droge tot vochtige, voedselarme tot matig
voedselrijke duinen. Het gaat om bossen met een zo natuurlijk mogelijke (maar niet noodzakelijk spontane)
soortensamenstelling. Dit zijn voornamelijk vochtige types zoals elzen-, berken- of wilgenbroek en in de binnenduinrand
plaatselijk elzen-eikenbos. Op mesofiele en drogere gronden kan duin-berkenbos, duin-eikenbos en berken-
zomereikenbos voorkomen.

Binnen het Ter Yde-gebied is vrijwel al het bos in oorsprong aangeplant. Er kan een onderscheid gemaakt worden tussen
zich niet spontaan (Canadapopulier, Zwarte els) en zich wel spontaan verjongend bos (Gewone esdoorn, Grauwe abeel,
Ontariopopulier). Verder zijn er in toenemende mate natuurlijke bosvormingsprocessen waar te nemen waarbij Ruwe en
Zachte berk, Schietwilg en Grauwe wilg en lokaal Gewone es, Gewone esdoorn (potentiéle probleemsoort) en Zomereik
een belangrijke plaats innemen. Op lange termijn, en zonder enige beheersmatige bijsturing (kappen, invoeren extensieve
begrazing) kan een vrijwel volledige successie naar bos voor een niet onaanzienlijk deel van het reservaat verwacht
worden. Het is precies hier dat een belangrijke rol wordt voorzien voor grote grazers.

Buiten de zones met aangeplant bos (vnl. Hannecartbos) liggen de hoogste potenties voor spontaan duinbos op korte
termijn in de vochtige tot natte, relatiefjonge duinpannen, m.a.w. op plaatsen met de eveneens hoogste potenties voor
vochtige duinvalleivegetaties en mesofiele duingraslanden.

Qua begrazing wordt geopteerd voor extensieve jaarrondbegrazing. In de gebiedsvisie (Hoffmann et al., 1999) wordt
weliswaar gesuggereerd om hiervoor Konik pony’s te gebruiken (met een dichtheid van ca. 1 dier per 10 ha), maar dit
was in de veronderstelling dat een veel groter gebied tegelijkertijd zou begraasd worden (Ter Yde, Hannecartbos en
Oostvoorduinen samen), waarmee verwacht werd dat dit begrazingstype sterk zou bijdragen tot de structuurvariatie van
het landschap. In het beheersplan voor het VNR Ter Yde wordt de combinatie van begrazing door schapen en Shetland
pony’s als een goed alternatief beschouwd; deze grazercombinatie werd initieel dan ook toegepast. Inmiddels is dit
geévolueerd naar begrazing door Shetland pony’s alleen.

Zoals hierboven per habitatdoeltype al min of meer werd aangegeven, zijn de globale doelstellingen van het graasbeheer
zeer analoog aan deze voor Westhoek en Houtsaegerduinen. Met name vermeldt het beheersplan dat verwacht wordt dat
de jaarrondbegrazing grassoorten met een grote concurrentiekracht (bv. Calamagrostis epigejos (Gewoon struisriet)) en
bosopslag zal terugdringen.

1.3.4 Beheersdoelstellingen voor het VNR De [Jzermonding

Voor het VNR De lJzermonding werden globaal de volgende habitat- en natuurdoeltypen aangeduid als na te streven:
Gl Getiideneeul (en slikken)

G3 Slikken en schorren

Zoutwaterslikken met rijke benthosgemeenschap (o0.a. de borstelwormen Pygospio elegans en Eteone longa, Corophium
volutator (Slijkgarnaal), Macoma balthica (Nonnetje), Cerastoderma edule (Kokkel), Scrobicularia plana (Platte
slijkgaper) en Mya arenaria (Strandgaper))

Thero-Salicornion: pioniergemeenschappen met Zeekraal

Spartinion: pioniergemeenschappen met Engels slijkgras

Puccinellion maritimae: lage schorbegroeiingen met Gewoon kweldergras (Puccinellia maritima) en Gewone zoutmelde
(Halimione portulacoides)

Armerion maritimae’, middelhoog- en hooggelegen schorren met Zilte rus {Juncus gerardii), Strandkweek (Elymus
athericus) en Rood zwenkgras (Festuca rubra var. litoralis) (omvat meerdere, structureel sterk verschillende associaties)
Zouttolerant rietland



DI Slufter. vloedmerk en embryonaal duin

Saginion maritimae (Sagino maritimae-Cochlearietum danicae): kustgebonden pioniersgemeenschap van het zout-
zoetcontactmilieu met Zeevetmuur (Sagina maritima) en Hertshoornweegbree (Plantago coronopus)

Saginion maritimae (Centaurio-Saginetum): pioniersgemeenschap in overgangsmilieus met Strandduizendguldenkruid
(Centaurium littorale) en Sierlijke vetmuur (Sagina nodosa)

Atriplicion littoralis en Salsolo-Honckenyion peploidis: vioedmerkvegetaties met Stekend loogkruid (Salsola kali ssp.
kali) en Zeeraket (Cakile maritima)

Agropyro-Honckenyion peploidis: embryonale duinen met Biestarwegras (Elymusfarctus)

D2 Stuivend open duin
Ammophilion arenarii: humusarme stuifduinen met Helm (Ammophila arenaria) en Duinzwenkgras (Festucajuncifolia)

D3 Kalkriik mosduin en droos tot mesofte! duinerasland

Tortulo-Koelerion: kalkrijke mosduinen en pionierduingraslanden met Zanddoddegras (Phleum arenarium) en Groot
duinsterretje (Tortula ruralis ssp. ruraliformis)

Polygalo-Koelerion: droog kalkrijk duingrasland met Liggend bergvlas (Thesium humifusum) en Geel walstro (Galium
verum)

Plantagini-Festucion: droog, kalkmijdend grasland met Gewoon struisgras (Agrostis capillaris), Gewoon gaffeltandmos
(Dicranum scoparium) en Geel walstro (Galium verum)

DIO  Struweel. mantel- en zoombesroeiinsen

Duinroosdwergstruweel (rompgemeenschap van het Polygalo-Koelerion)

Berberidion vulgaris: kalkrijke struwelen met Duindoorn (Hippophae rhamnoides) en Wilde liguster (Ligustrum
vulgare)

In de periode 1999-2004 werden mergellandschapen ingezet in de geégaliseerde en niet-geégaliseerde duingebieden van het
reservaat, alwaar van de dieren verwacht werd dat ze verruiging van gras- en mosduinvegetaties zouden beperken en de
bestaande duingraslanden in stand zouden houden zonder dat de mosduinvegetaties zouden aangetast worden. In de loop
van 2004 werden de schorgebieden ook binnen het begrazingsraster geplaatst, met de bedoeling strandkweekdominantie op
de schorren te voorkomen of te verminderen ten voordele van pioniersgemeenschappen van het zoutwaterschor en zilte
graslandtypes. Voor de evaluatie van het begrazingsbeheer zijn we voorlopig beperkt tot de doelstellingen voor het
duingebied, aangezien de begrazingsperiode op slik en schor te kort is om een evaluatie relevant te maken. Wel wordt hier
reeds gerapporteerd over de eerste resultaten van de monitoring van permanente kwadraten in de duingebieden en over de
eerste gedrags- en foerageerwaamemingen uit het voorjaar van 2005 (zie hoofdstuk 5).

1.3.5 Beheersdoelstellingen voor het IWVA domein De Doornpanne

Voor wat de beheersdoelstellingen van het IWVA-domein De Doornpanne betreft, citeren we het Beheersplan van 1994
(IWVA, 1994). In dit gebied werden in het kader van deze studieopdracht enkele onderzoek gedaan naar de bijdrage van
Shetland pony en konijnen tot de zaadverbreiding en het effect van konijnenbegrazing op de vegetatie. In het beheersplan
van de Doornpanne worden geen specifieke doelstellingen geformuleerd voor het graasbeheer. Deze beheersvorm moet
in het algemeen bijdragen tot het herstellen van het Massart-landschap.

De IWVA is een openbare instelling en zal in de eerste plaats de doelstellingen, zoals weergegeven op het gewestplan,
verwezenlijken.

Grondwaterbeheer

De IWVA wil haar waterwinning optimaliseren door aanpompen van artesisch (Landeniaan) water en infiltratie van
voorgezuiverd water.

Het infiltratieproject werd in het ecologische minst waardevolle gebied uitgewerkt. Bij de inplanting van de kanalen
werd dan nog extra rekening gehouden met de meest waardevolle vegetaties. Wat betreft de Landeniaanwinning zijn
geen (nadelige) ecologische effecten te verwachten. De putten worden ingeplant op voorstel van het Instituut voor
Natuurbehoud. Alle toevoerleidingen zullen worden aangelegd onder de centrale wandelweg of onder oude wegrelicten.
De bestaande dienststroken zullen worden heraangelegd.

Recreatief beheer
De toegankelijkheid van het terrein zal beperkt worden door de aanleg van een centraal wandelpad en door de aanpassing
van het parcours van het ruiterpad. Er zal tevens voorzien worden in enkele educatieve voorzieningen.

Natuurbeheer
Voor de Doornpanne wordt gekozen voor 2 grote natuurdoeltypes.
Het eerste doeltype betreft het "Massart-landschap”, dit is het cultuurlandschap zoals dat in het begin van de eeuw



bestond en dat het gevolg was van kleinschalig, intensief beheer, wat aanleiding gaf tot een verhoogd aandeel specifieke
soorten.

Het tweede doeltype bestaat uit een spontane vegetatieontwikkeling. Tenslotte wordt aangegeven wat dient te gebeuren
bij de realisatie van het infiltratieproject.

Massart-landschap

De Doompanne draagt de potentie in zich om het historisch "Massart-landschap™ te herstellen. Het herstel van dit
landschap heeft tot doel om bedreigde soorten en vegetatiepatronen te behouden. De gevolgen van deze beheerskeuze
zijn voornamelijk begrazing (met afsluitingen e. d.) en aanvullen maaien (met afvoer maaisel).

1.3.6 Beheersdoelstellingen voor le Dune Fossile de Ghyvelde

De beheersdoelstellingen voor de Site Classée Dune fossile de Ghyvelde staan kort gesommeerd in Conseil Général du
Dept. du Nord (2005) en staan verder uitgewerkt in het beheersplan van het gebied (Biotope, 1996). Het gebied dankt
zijn natuurwaarde met name aan de aanwezigheid van droge duingraslanden op basisch substraat met Tortulo-Koelerion
vegetaties, Polygalo-Koelerion vegetaties en andere aan kalkrijke duinen gebonden lage grazige vegetaties. Deze nemen
echter zeer kleine oppervlakten in, de uniciteit van het gebied is vooral gelegen in de aanwezigheid van zuurminnende
mosduin- en graslandgemeenschappen (Corynephorion: Violo-Corynephoretum en Plantagini-Festucion: Festuco-
Galietum veri), die langhsheen de NW-Franse en Vlaamse kust zeldzaam zijn; Typische soorten hiervoor zijn Hypnum
cupressiforme var. lacunosum, Dicranum scoparium, Peltigera rufescens, Hieracium pilosella, Polytrichum
juniperinum, Racomiiirum canescens, Cladina arbuscula, C. ciliata, C. portentosa, Cladonia pyxidata var. pocilum, C.
foliacea, Coelocaulon aculeatum en veel andere mos- en korstmossoorten en verder hogere plantensoorten als Agrostis
capillaris, Galium verum, Carex arenaria, Rumex acetosella, Anthoxanthum odoratum, Teesdalia nudicaulis, Jasione
montana, Hypochaeris glabra, Mibora minima, Aira praecox en verscheidene andere (zuurminnende) plantensoorten.
Gebrek aan (begrazings)beheer leidde tot een verregaande verarming van de vegetatie in met dominantie van Carex
arenaria, Calamagrostis epigejos en/of Arrhenatherum elatius. Deze leidden tot soortenarme hooggrazige vegetaties.
Daarenboven breidde Gewone esdoorn en cultivars daarvan erg snel uit vanuit het centrale beboste gebied. Van de
introductie van grote grazers (Haflinger pony’s sinds 1996) werd verwacht dat zij de verruiging met ruige grasachtigen
zouden terugdringen ten voordele van de voormelde zuurminnende mosduin- en duingraslandtypes.



Figuur 1.4 - Deelgebieden in de door de Cel Kustzonebeheer van de Afdeling Natuur van Aminal van het Ministerie van de Vlaamse
Gemeenschap met begrazing beheerde deelgebieden, zoals vermeld in tabel 1.1.

Legende: 2: Garzebekeveld; 3: Cabourweg; 4: JYL-weide; 5: Kromfortstraat; 6: Molendam; 7: Zuidmoerhoek; 8: Westhoek-
noordblok; 8': mogelijk uitbreidingsgebied Westhoek-noordblok; 9: Westhoek-zuidblok; 10: Westhoek-oostblok; 11: Patattenakker;
12: COC: 13: Duinzoom, weiland: 14: Duinzoom, hooiweide: 15: Houtsaegerduinen en Kerkepannebos; 16: Cabourduinen; 17:
Fluithoek-centraal; 18: 'Soubry'; 19: Oostvoorduinen-Polderstraat (2 percelen): 20: Oostvoorduinen-Nieuwpoortlaan (3 percelen);
21: TY, Hannecartbos; 22: TY, perceel Leyre; 23: TY, Home G. Theunis; 24: TY-oost; 25: VVV-perceel; 26: Belvédere-west; 27:
Belvédeére-oost; 28: 1Jzermonding; 29: Groenendijk.

Begraasde deelgebieden, vermeld
in tabel 1.1. in de Vlaamse
Westkustduinen,

onder beheer bij Afd. Natuur.

Cel Kustzonebeheer

1000
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2.1 General introduction

Indra LAMOOT

2.1.1 Foraging behaviour and habitat use of large herbivores

Free-living animals constantly make foraging decisions in order to survive, to grow and to bear off-spring with good
survival chances, in short, to contribute to fitness. Discrepancies between qualitative and quantitative food demands and
the characteristics of the available food are the main reason for the necessity of these foraging decisions. These decisions
should lead to an efficient foraging behaviour. Habitat use is the outcome of the foraging strategy of the herbivores; it is
the expression of the way grazing animals resolve the conflict between their need for food and their intrinsic and
extrinsic constraints (lllius & Gordon, 1993). Food resources in the natural landscape are distributed in a mosaic of
patches of variable size and shape with a fluctuating quantity and quality of food (WallisDeVries, 1994). The abundance
of consumable material in the vegetation surrounding a herbivore varies enormously with regard to the nutritive value to
the herbivore. The herbivore has to select the real food from the apparent buffet in order to obtain a balanced diet. An
efficient foraging behaviour contributes to the consumption of sufficient food, both in a quantitative and qualitative way.

In trying to understand what determines a consumer’s actual diet, ecologists have increasingly turned to optimal foraging
theory (reviewed by Stephens & Krebs, 1986). One assumption of the theory is that animals forage to maximize
nutritional gain per unit cost. The most widely used version of the model concerns the maximization of energy intake as
currency and is thought to be more appropriate for carnivores than herbivores (Provenza & Balph, 1990). For many
consumers (particularly herbivores and omnivores) the efficient gathering of energy may be less critical than some other
dietary constituent (e.g. nitrogen), or it may be of prime importance for the forager to consume a mixed and balanced
diet. In such cases, the value of existing optimal foraging theory is limited (Begon et al., 1996). The true currency that
the herbivore is optimising remains to be identified (Rook et al. 2004). There is much debate about the value of optimal
foraging theory for predicting the herbivore’s foraging behaviour (Belovsky, 1990; Provenza & Balph, 1990; Fortin et
al., 2003). However, optimal foraging theory has been applied to large herbivores with some success. Classical models of
ungulate foraging are based on the optimal foraging theory: e.g. the linear programming model (Belovsky, 1978), the
clever ungulate model (Owen-Smith & Novellie, 1982). Optimal foraging theory has been valuable in stimulating
research on foraging behaviour and providing a quantitative focus for that research (Provenza & Balph, 1990).

Foraging models imply a large degree of simplicity. This is mostly in contrast with the real world of a large herbivore.
We here try to identify the main aspects playing a role in the foraging behaviour and habitat use of free-ranging
ungulates, living in a spatially and temporally heterogeneous environment. The relation between the animal and its food
supply is determined by the characteristics ofthe environment on the one hand and the characteristics ofthe herbivore on
the other.

2.1.2 The heterogeneous environment

The free-ranging horses and cattle, subject of this study, are all foraging in a heterogeneous environment, heterogeneous
at different spatio-temporal scales. It is evident that the foraging animal has to make more foraging decisions in a
heterogeneous than in a homogeneous environment. Senft et al. (1987) presented the ecological hierarchy encountered
by large herbivores while foraging: regional scale, landscape scale, plant community scale and patch level. In our study
the animals are restricted in their movement patterns because they live in fenced, relatively small areas (all < 100 ha), as
such presumably smaller than the natural home range. As a consequence, the herbivores are not confronted with
decision-making at the highest ecological level, i.e. at the regional scale. The first level applicable in our study areas is
the landscape level. At this level the animals select among the different plant communities. Within a plant community
there are various patches differing in nutrient quality and quantity. Thus, the animal has to decide in which patch to
graze, i.e. decision at the level of the plant community. At the level of the patch the herbivore chooses a feeding station
within the patch, e.g. a certain plant species, plant individual, plant part. Decisions at a higher level influence decisions at
a lower level. Senft et al. (1987) calculated that large herbivores cross plant-community boundaries as many as 50
times/day, implying a decision frequency at the landscape level in the order of 104/year. It is clear that this decision
frequency depends on the spatial configuration of the plant communities. If preferred plant communities are present as
large connected patches, then decision frequency at the landscape scale will be lower than if the preferred plant
communities are distributed patchily over the area separated by unfavourable plant communities. At the regional and
landscape scale non-forage features, e.g. shelter or location of water, interfere with forage characteristics in the decision
making. The decisions at the lower levels are primarily made in function of forage characteristics. It is widely accepted
that forage abundance and forage quality play a major role in foraging behaviour. Forage quality is related to the
availability of energy, proteins and minerals as well as to the absence of plant toxins. Plant species, as well as individual



plants within species and plant parts vary in these features. Furthermore, the nutritive value of a plant changes during its
(seasonal) life cycle (Owen-Smith, 1982). Other aspects of the vegetation than forage quality and quantity may influence
patch selection as well, e.g. sward height, stem:leaf ratio (WallisDeVries & Daleboudt, 1994; Bergman et al., 2000;
Ginane et al., 2003). Morphological plant defences, like thorns and spines, can hinder intake or decrease ingestion rate
(Cooper & Owen-Smith, 1986), and therefore can play a role in the selection of plant species. These morphological
defences are especially present in species with a high nutritive value (Van Wieren, 1987). Additional to the spatial
heterogeneity, temporal variation in the environment influences the foraging herbivore. Nutritive quality and the
availability of most plant species and thus plant communities are highly variable among seasons, with a decreased
quality and availability in the non-growing seasons (i.e. autumn and winter in temperate regions) (Bokdam &
WallisDeVries, 1992; Duncan, 1992). The decisions at all levels are assumed to be strongly affected by this seasonal
variation in food. Seasonal variation not related to forage characteristics can also play a role, e.g. in dry seasons the
animals may prefer to graze in the proximity of water. Additionally, the large herbivores are also confronted with non-
seasonal temporal variation of the environment. For example a spot of high nutritive value may be reduced in its quality
because other herbivores were foraging this spot recently.

2.1.3 The large herbivores

The nutritional requirements of large herbivores depend on a large number of intrinsic, as well as extrinsic factors (e.g.
weather conditions). Different animal species, different animal breeds as well as different individual animals may show
considerable variation in their nutritional demands. The variation at the level of the animal species can be attributed to
several intrinsic factors, including digestive system, metabolic rate and body size. Likewise, these factors may be on the
basis of differences in nutritional demands between animal breeds. The digestive system is in general similar within a
species, but subtle differences in digestive efficiency between breeds may result in other needs. Body size, age,
reproductive state, health condition, background can vary widely among individuals of the same breed, resulting in
different demands.

2.1.3.1 Cattle I'v. euuids. ruminant t’v. non-ruminant

Three major groups of herbivores are foraging in the study areas: herbivorous insects, small mammals (rabbits, mice,
etc.) and the introduced ungulates, our study subjects. Depending on the used discriminative criteria ungulates are
divided into several groups. Ungulates comprise three taxonomic orders: the Proboscidae, the Perissodactyla and the
Artiodactyla. Elephants and related extinct mammoths and mastodons form the Proboscidae. The Perissodactyla are the
odd-toed ungulates (tapirs, rhinoceroses and equids). The Artiodactyla are the even-toed ungulates (pigs, hippopotamus,
camels, giraffes, cattle, deer, sheep and goats) (Dorit et al., 1991). According to their digestive system ungulates are
divided into ruminants and non-ruminants. Ruminants (or foregut fermenters) developed a complex fermentation system
with multiple chambers in the stomach and a major role for cellulose-digesting microorganisms. The herbivores need to
ruminate the partially digested, regurgitated forage. Non-ruminants (or hindgut fermenters) do not have a multiple
stomach system and fermentation takes place in the ceacum and colon. Most even-toed ungulates are ruminants with the
exception of pigs and hippopotamus (about the camel’s fermentation system there still exists uncertainty (Van Soest,
1994)). Pigs are not strictly herbivores and have an adapted digestive system. Hippopotamus are non-ruminant foregut-
fermenting herbivores (Clauss et al., 2003a). Elephants and the odd-toed ungulates are non-ruminants.

Hofmann (1989) classified the ruminants into three feeding types: concentrate selectors, intermediate feeders and grass
and roughage feeders. Concentrate selectors (also called ‘browsers’), e.g. roe deer, have a digestive system that is far less
suited to optimize plant fibre digestion and search for a high quality diet. Grass and roughage feeders (also called ‘bulk
feeders’ or ‘large grazers’) are able to digest plant items with a high cell wall content and forage large amounts of fibrous
food, i.e. grasses and roughage. Domestic cattle and sheep belong to this group. The intermediate feeders (also called
‘mixed feeders’) are in between the two former types and choose a mixed diet. Red deer and domestic goat are examples
of intermediate feeders of the temperate region. Hofmann’s classification is based on the relationship between the
predominant type of food and observed morphological and postulated physiological characteristics of the digestive
system (Hofmann, 1989). The classification is widely accepted, though has also been questioned especially in terms of
the morphophysiological explanations (Pérez-Barberia & Gordon, 1999a, 1999b; Clauss et al., 2003b). The underlying
mechanisms are not unravelled yet, but Hofmann’s classification is certainly useful to divide ruminants in groups
according to their predominant type of food and, related to this, their foraging behaviour. Based on their diet we could
assign equids, which are non-ruminants, to the group of grass and roughage feeders in Hofmann’s classification.

The present study deals with the foraging behaviour of equids (Equidae) and cattle (Bovidae). The domestic donkey, a
breed belonging to the species Equus asinus, and the Shetland pony, Haflinger horse and Konik horse, all breeds
belonging to the species Equus caballus, are the studied equids. The domestic cattle breed of Bos taurus under study is
Scottish Highland.



The nutrients, ‘captured’ in the consumed food items, become available to the herbivore through digestion and nutrient
absorption. To digest cellulose and hemicelluloses, the fibrous fractions of cell wall material, cellulase is needed, an
enzyme which is not secreted by mammals. Therefore, forage feeders must either select very high quality diets or rely on
a symbiotic relationship with cellulose-digesting microorganisms, which house in enlarged sections of their gastro-
intestinal tracts. Ruminants and non-ruminants have developed different solutions to cope with cell wall material
(Rittenhouse, 1986).

In ru he four chambers of the stomach. The partly digested forage is regurgitated and the animal chews it again, i.e.
rumination, resulting in a further mechanical breakdown of the plant material. The microorganisms have a twofold
function since they are digested in a subsequent part of the stomach and become a source of amino acids and vitamins.
Microorganisms also play a role in the equid’s digestive system. Fermentation of cellulose by the microorganisms takes
place after the food has passed the stomach (“hindgut fermenters”), because the microorganisms are present in the
caecum and colon. There they can not be digested and thus amino acids and vitamins present in the microorganisms are
lost with the faeces.

What are the advantages and disadvantages of both systems? The major advantage of the ruminant system compared to
the non-ruminant system is the greater efficiency of extraction of nutrients from the cell wall. At the other hand, non-
ruminants are able to utilize the soluble components of the cell more efficiently than ruminants, since nutrients are
absorbed directly without losses to fermentation. When available food is of low quality, the intake rate of ruminants is
constraint by the rate of the fermentation process, which will be more slowly for a cellulose rich (low quality) diet, while
non-ruminants are restricted only in the availability of forage and grazing time (Rittenhouse, 1986). Many authors have
focused on the question about which system is the best, especially in terms to explain why cattle are more species rich
and more abundant than equids. The ‘nutritional model’ (Bell, 1971; Janis, 1976; Foose, 1982) describes the effect of
forage fibre on nutrient extraction rates in ruminants and non-ruminants. The authors state that on medium quality
forages ruminants are assumed to extract more nutrients per day than hindgut fermenters, while on very high quality as
well as on low quality forages hindgut fermenters should achieve higher rates of nutrient extraction than do ruminants.
Duncan et al. (1990) tested this model and concluded that equids retained the forages in their digestive tract for a shorter
period of time and digested the forages less completely than cattle. However, the equids achieved higher intakes of
forages. As a result the extraction for nutrients was higher in equids than in cattle, both on low quality food as on
medium quality food. Their results could only partly support the nutritional model of Bell (1971), Janis (1976) and Foose
(1982). Illius & Gordon (1992) reported that the more efficient digestion by ruminants would give them advantage over
the equids, only when food quantity is limited and food intake is restricted, since ruminants require 20% less food to
obtain the same energy yield, compared to equids of similar body size. They suggest that the predominance of ruminant
species in the intermediate body weight range has arisen through superiority under conditions of resource limitation
rather than their superior ability to extract nutrients from abundant food. Duncan et al. (1990) have put forward that the
evolutionary success of the ruminants may be built on the ability of the rumen flora to detoxify plant secondary
compounds (Prins, 1987), which is not known for equids. Secondary compounds can restrain digestion (Joenje, 1987). It
is recognised that secondary plant compounds play an important role in the interaction between herbivores and their
forage.minants (polygastric animals) cellulose-digesting microorganisms are confined to the rumen and reticulum, two of
t

2.1.3.2 Variation amotte euuids and amone individuals

Donkeys, Haflinger horses, Konik horses and Shetland ponies are all hindgut fermenters with a similar digestive system.
Although little information is available, some studies have reported on remarkable physiological differences between the
donkey and other equids. In particular, several studies reported on the donkeys’ capacity to deal with dehydration
(Izraely et al., 1994) and with their increased digestive efficiency (lzraely et al., 1989; Cuddeford et al., 1995; Pearson et
al., 2001). Izraely et al. (1989) found that the digestive efficiency of donkeys is as high as that of Bedouin goats, with the
latter being more efficient than non-desert ruminants. The capacity of donkeys to digest plant cell wall constituents is
lower than that of Bedouin goats and other ruminants but higher than that of ponies or horses. The donkey reaches the
same efficiency as the Bedouin goat as a result of its higher intake rate and higher efficiency to absorb soluble cell
content components. Cuddeford et al. (1995) compared the digestive efficiency among Thoroughbreds, Highland ponies,
Shetland ponies and donkeys. Donkeys retained food longer in the digestive tract and digested fibre more efficiently than
did the other equids. In that sense, donkeys were more ‘ruminant-like’. This was confirmed by Pearson et al. (2001);
compared to ponies, donkeys had longer retention times and a higher digestibility of dry matter, energy, crude protein
and fibre fractions. Ponies compensated for their smaller digestive efficiency by consuming more dry matter per day
compared to the donkeys. Beside these differences in digestive abilities, different equid species and breeds may differ in
metabolic rate. Since voluntary food consumption is related to metabolic rate (Kleiber, 1961; Webster, 1985) and
donkeys consume less dry matter per unit metabolic body weight than ponies (Pearson et al., 2001), we may assume that
donkeys have a lower metabolic rate compared to ponies. Hence, donkeys probably have lower maintenance
requirements as well. These differences in requirements and digestive abilities between equid species can lead to
differences in their foraging behaviour in a free-ranging situation.

To our knowledge no reports exist on the possible variation in digestive efficiency among Haflinger horses, Konik horses
and Shetland ponies (three breeds of Equus caballus), nor on variation in aspects of their behaviour. The studied equid



groups differ in body size (Haflinger > Konik » Shetland pony > Donkey) and this factor may also result in possible
differences in foraging behaviour. In absolute terms, larger animals have higher nutritional demands than smaller
animals (e.g. a horse of 200 kg needs 7.4 Meal DE/day, a horse of 800 kg needs 22.9 Meal DE/day for maintenance
(NRC, 1989)). However, smaller animals need more energy per unit body weight than larger animals, since energy
requirements scale with body mass to the power of 0.75, while gut capacity is isometric to body mass (Demment & Van
Soest, 1985; lllius & Gordon, 1987), as illustrated also by the example above (a horse of 200 kg needs 37.0 cal
DE/kg/day, a horse of 800 kg needs 28.6 cal DE/kg/day). Larger animals are able to use forage of lower quality than
smaller animals, because the former can eat more and retain the cell wall fraction of food longer in their larger guts
(Demment & Van Soest, 1985). Above that, large herbivores have larger mouth parts and are therefore unable to forage
with a high degree of selectivity compared to smaller herbivores (lllius & Gordon, 1990). Recent studies concluded that
grazing time is negatively related to body mass in temperate ruminants (Mysterud, 1998; Pérez-Barberia & Gordon,
1999b); this has not been studied so far in the case of hindgut fermenters.

The effect of breed differences on foraging behaviour has only rarely been studied, and this only for cattle, sheep and
goats (WallisDeVries, 1993; Dziba et al. 2003; see also Rook et al., 2004).

One of the main factors influencing the nutritional demands of individual animals is the reproductive state of these
animals. Reproduction and mainly lactation is highly demanding for mammalian herbivores.

Concerning horses, it is generally accepted that the production of milk poses high nutritional demands on the lactating
mares, especially during the first 3 months of the lactation period, when the amount of digestible energy and crude
protein in the diet surpass the demands for maintenance with 86% and 132%, respectively. Also the demands for
minerals increase strongly during lactation (NRC, 1989). As lactation progresses the demands decrease but stay higher
than the maintenance requirements. Lactating females have to adjust their foraging behaviour to meet the increased
nutrient requirements (NRC, 1989; Vulink, 2001).

2.1.3.3 Mechanisms to sain information ofthe environment

In a natural environment, a herbivore is surrounded by vegetation with a large variation in nutritive value in space and
time. Nonetheless, the animal seems to be able to compose a diet, meeting its requirements. Otherwise it would not be
able to survive in that environment. Although ecologists, ethologists and physiologists have tackled to some extent the
question which mechanisms the herbivore can rely on to make the right foraging decisions, the question remains largely
unsolved. The main problem for the herbivore is how to gain and process information about its foraging choices (lllius &
Gordon, 1990). Herbivores must perceive differences among patches, plants and plant parts in order to be able to
discriminate and select among alternatives (Bailey et al. 1996). Although it has been suggested that herbivores can
directly sense nutrients and toxins in food, this is not widely accepted. Instead, there is increasing evidence that the
sensory perceptions (sight, smell, taste, tactile) of the food enables the herbivore to make the relation with the nutritional
and toxicological properties of the food through the process of association, with a major role for post-ingestive feedback
(Provenza & Balph, 1990; Provenza, 1995). Perceptual events that cause malaise will establish a food aversion. Positive
feedback, e.g. satiety, will establish food preferences. Some toxins may be readily sensed through taste or odour
(Provenza et al.,, 1990). Next to post-ingestive feedback, there may exist also pre-ingestive feedback: in uterus and
mother’s milk. Young animals will most likely have been conditioned to prefer and avoid specific flavours that occur in
foods before they have taken their first bite of solid food (Provenza & Balph, 1990). Association implies learning by
consequences and memory. Young ruminants can remember specific foods that provided either aversive or positive
consequences for at least 1to 3 years. They also recognize and sample novel foods cautiously (see Provenza & Balph,
1990). Sampling is enormously important to large herbivores in order to utilize the resources of their environment as
much as possible. They even have to sample familiar food items in familiar environments, because their nutrient content
and toxicity change frequently (Provenza & Balph, 1990). How does a large herbivore deal with the information
acquired at a higher ecological level than the level of the plant species, individual plants and plant parts? Large
herbivores have to learn about the locations of resources in the environment (Provenza & Balph, 1990; Bailey et al.
1996). Cattle are known to use spatial memory, which is formed by two elements, i.e. reference and working memory.
The reference memory is the map-like representation of the foraging environment. Working memory is essential to avoid
that recently foraged patches are visited too soon again (Laca, 1998; Bailey et al. 1996; Bailey & Sims, 1998; Bailey et
al. 2000). Visual cues seem crucial in the ‘map building’. A certain level of heterogeneity is necessary in forming the
spatial memory, though very complex spatial arrangements contain too much information to contribute positively to the
memory building.

To summarize, it is common knowledge that large herbivores do not forage at random but take many foraging decisions
at different ecological scales. Natural landscapes are mostly very heterogeneous in space and time. The more
heterogeneous the environment, the more foraging decisions have to be made and the more complex the expressed
foraging behaviour will be. As discussed above only some questions of the underlying mechanisms have been solved,
mostly by means of experiments in simple artificial environments where the animals are confronted with only a few food
alternatives. Far less information is available from spatially heterogeneous systems. The problem is to scale up simple
experiments to complex landscapes or to explain observations from complex landscapes in terms of general mechanisms.



2.1.4 Habitat use as the expression of the foraging decisions

The habitat use of both horses and cattle have been more or less intensively studied in several semi-natural landscapes in
the temperate region. Some well-known reports on habitat use are from the Camargue, a Mediterranean river delta in
Southern France (e.g. Duncan, 1992; Menard et al. 2002), the New Forest in England, a large area (20000 ha) of
deciduous woodland, heathland, bog and grasslands (e.g. Pratt et al., 1986; Putman, 1986; Putman et al., 1987) and the
Isle of Rhum, Scotland (966 ha), with grasslands, heathland, bogs and littoral areas (e.g. Gordon, 1989a, 1989b, 1989c).
In general terms, literature states that both cattle and horses preferentially select grassland communities, though they
show seasonality in their habitat use with an increased use of less preferred communities in autumn and winter. High
biomass of live graminoids and forbs was the main determinant of vegetation community selection on the Isle of Rhum,
for both ponies and cattle (Gordon, 1989c). Van Dyne et al. (1980) reviewed the diet of large herbivores and found that
the cattle’s diet consisted for 72% of graminoids (N=121), the horses’ diet consisted for 69% of graminoids (N=8).
Despite these general similarities in foraging behaviour of cattle and horses, most comparative studies conclude that
these two herbivore species differ in at least some aspects of their grazing behaviour when sharing the same living area
(Pratt et al., 1986; Gordon, 1989b; Menard et al., 2002).

Until now, we have discussed habitat use in terms of the grazing behaviour. Above that we also want to discuss the
habitat use for eliminative behaviour. It is widely accepted that cattle and horses perform a different pattern of
eliminative behaviour, though both avoid eating in the vicinity of their faeces. Cattle in pastures drop their dung
randomly over the entire area (Marsh & Campling, 1970, cit. in Edwards & Hollis, 1982), though there may be local
concentrations of faeces near fences, gates and in areas where the animals group together at night. Horses grazing in
pastures concentrate their faeces in latrine areas where they do not graze (Archer, 1972; Archer, 1973; Odberg &
Francis-Smith, 1976). Little information is known about these fouling patterns in more heterogeneous areas. Studies on
the habitat use of free-ranging herbivores rarely discuss the eliminative behaviour. Tyler (1972) reported that there was
no evidence that the ponies in the New Forest grazed and defecated in separate areas. Moehlman (1998a) stated that, in
contrast with donkey stallions, female donkeys of all ages showed little interest in dung and simply defecated where they
stood. In contrast, Edwards & Hollis (1982) found that the ponies foraging an area of grasslands in the New Forest
established latrine areas, where they avoided grazing.

2.1.5 Habitat use and nature conservation

In Western Europe grazing management is increasingly being used as a tool for nature management in semi-natural
landscapes. Since decades large domesticated herbivores, i.e. horses, cattle and sheep, have been introduced to maintain
or restore biodiversity of heathland, grasslands, wetlands and coastal dunes (WallisDeVries et al., 1998). Large
herbivores directly influence productivity, structure and diversity of plant communities (e.g. Vallentine, 1990; Archer &
Smeins, 1991; Duncan, 1992; Bakker, 1998), mainly through their selective grazing, but also through trampling, rolling
and eliminative behaviour. Tissue removal, litter reduction, modified light profiles, differentiated nutrient return through
dung and urine, endozoochoric and epizoochoric dispersal of diaspores, are only a selection of the processes at the level
of the individual plant. These processes may change competitive relations between plant species and consequently
influence the composition of plant communities (McNaughton 1968). It is generally believed that herbivores enhance
plant diversity by their direct consumption of competitively dominant species and providing better conditions for less-
competitive plant species (Harper, 1977; Milchunas & Lauenroth, 1993). However, detailed studies on the effects of
herbivores on biodiversity have reported positive, weak as well as negative effects (Jefferies et al., 1994; OIff & Ritchie,
1998; Piek, 1998).

A major explanation for the high biodiversity of some areas in Western Europe with a long history of grazing
management appears to be the differential herbivore pressure on various parts of a grazed area (WallisDeVries, 1995).
The herbivores’ differentiated habitat use influences strongly the outcome of the grazing management. Some parts will
experience an ‘intensive management’, while in other parts there will be ‘no management’ at all. This pattern may be
even more apparent in spatially and temporally heterogeneous landscapes. Nature management wants to know and
understand the impact of the grazers on the grazed area. However, vegetation development under grazing occurs usually
rather slow, especially at the higher ecological scales. For example, certain rare, but preferred plant species can disappear
quite fast, but changes at the level of the plant community occur over a longer time period. Studies of the foraging
behaviour and in particular the habitat use of the large herbivores contribute to gain a faster insight into the ongoing
processes. As a consequence, the grazing management can be adjusted long before the impact on the vegetation would be
visible.



2.1.6 Aim ofthe study

Different species and breeds of large ungulates have been introduced into several dune reserves along the Belgian coast
as a management measure. The nature conservation expectations of this grazing management are high. However,
management results and the predictability of them still carry a high level of uncertainty since little is known about the
possible impact of the herbivores on such a relatively low-productive, heterogeneous ecosystem. This research does not
aim to evaluate the grazing management in the first place, but aims to gain better insights into the (foraging) behaviour
and the habitat use of the large herbivores in such a low-productive environment, with a considerable amount of spatial
and temporal heterogeneity. We focus on different herbivore species and breeds, since we expect differences in their
foraging behaviour and habitat use, due to their morphological and physiological differences. In the end, the results of
the study are expected to contribute directly to the understanding of the herbivore impact.

The central hypothesis is that foraging behaviour reflects the nutritional ecology of the herbivores and provides a mean
to gain insight in the mechanisms determining herbivore impact at the landscape scale.

Departing from the above mentioned characteristics of different ungulate species and breeds, we formulate the following
hypotheses:

Cattle and equids, living year round in low-productive areas where preferred grasslands (with good-quality grasses)
cover only smaller parts of the area, are expected to perform a broader habitat use to meet their requirements. We
hypothesize that the cattle and equids will also forage in vegetation types, which are normally less preferred for grazing
by large herbivores, like scrub and woodland (Chapter 2.2-2.4).

We hypothesize that large herbivores will adjust their foraging behaviour to seasonal changes in forage availability and
quality, with an increased foraging activity in the less preferred vegetation units during autumn and winter (Chapter 2.2 -
2.4).

Since cattle and ponies differ in many morphological aspects (e.g. Highland cattle being much heavier than Shetland
ponies) and physiological aspects (e.g. cattle being ruminants and ponies being hindgut fermenters) we hypothesize that
both species will differ in at least some aspects of their foraging behaviour and habitat use. We expect that niche
differentiation will occur: either they will forage in different habitat types, or when foraging in the same habitats they
will select niches with a different species composition and/or sward height. The niche differentiation is even more
expected since both species are foraging together in a nutrient poor system with a high animal biomass density (Chapter
2.3).

Because lactating animals have higher nutritional demands than non-lactating animals we expect that lactating equid
mares will perform an adjusted foraging behaviour compared to non-lactating mares. We predict that lactating animals
would achieve a greater energy intake by grazing longer and/or biting faster, and hence take more bites than non-
lactating mares (Chapter 2.5).

It is known that horses grazing in pastures establish latrine areas where they do not graze, but there exists much less
certainty about the fouling patterns of equids grazing in large heterogeneous areas, with contrasting reports on this matter
in literature. We hypothesize that equids, free-ranging in a relatively large heterogeneous environment, eliminate where
they graze, in contrast to equids grazing in pastures (Chapter 2.6).

We further expect that different equid species and breeds will show differences in at least some aspects of their foraging
behaviour and habitat use, since they show important morphological (e.g. body size) and physiological differences (e.g.
digestion efficiency). We therefore hypothesize that grazing time, biomass removal, browsing activity, vegetation
selection, etc. will vary among equid groups, especially when comparing the donkey (Equus asinus) with horse breeds
(Equus caballus).

2.1.7 Study areas

The research for this PhD was conducted in four study areas, situated in three nature reserves: ‘Westhoek’,
‘Houtsaegerduinen’ and ‘Ghyvelde’. The first two are located in the coastal dunes of Belgium, near the French border.
The latter is an old dune area in France close to the northern French coastline and bordering an equally old dune ridge in
Belgium (fig. 1.1, 2.1). Climate in the coastal region is cool temperate with mild winters and mild summers. Mean
annual temperature is 9.8 °C. In summer, autumn, winter and spring mean temperature is 15.9 °C, 10.8 °C, 3.9 °C and
8.7 °C, respectively; mean monthly precipitation per season is 60.7 mm, 74.8 mm, 56.5 mm and 48.5 mm, respectively
(averaged over the period 1963-2002; Meteo WVL vzw).

All these reserves are relatively nutrient poor systems with a spatially heterogeneous vegetation pattern (see fig. 2.2-2.5).
Biomass data (Cosyns, unpubl.) indicate relatively low levels of seasonal standing crop ofthe grassland types in the dune
reserves compared to annual yield data of agricultural grasslands under different fertilizing levels (Table 2.2.; Table 2.4-
2.7). Unfortunately, good figures on food quantity in the study areas are missing. Annual yield data are not available,
while these would strengthen our assumption that the dune areas provide low forage quantity. More information is
provided for forage quality. Crude protein content (as a measure for nutritive quality (France et al., 1999)) of the main



graminoids and herbs of the dune system (Cosyns, unpubl.) reach lower levels than those reported of graminoids and
herbs typical for agricultural grasslands in the temperate regions (Table 2.2).

Domesticated grazers were released for nature management reasons. They are free-ranging in the entire reserve
(Ghyvelde and Houtsaegerduinen) or in parts of it (Westhoek). The herbivores remain in the area year round. During the
research period, they received no additional food. Herd size and composition are controlled to avoid inbreeding and
overgrazing.

2.1.7.1 Westhoek-North

he Westhoek reserve (total area 340 ha) offers a diverse landscape consisting of a fore dune ridge and two dune slack
zones that are separated by a large mobile dune. “Westhoek-North’ is a fenced area of 54 ha in the north of the Westhoek
reserve, which is grazed by a herd of Konik horses and a small group of Highland cattle. The grazed area encompasses a
relatively young dune slack zone, parts of the fore dune ridge and parts of the central large mobile dune. Scrubs of
Hippophae rhamnoides, Ligustrum vulgare and to some lesser extent Salix repens occupy the largest part of the area.
Before the start of the grazing project 12% of the original 79% scrub layer was cut down and removed, resulting in an
area of ruderal vegetation composed of a low, grass-dominated layer (main species are Holcus lanatus and
Calamagrostis epigejos and patches oftall herbs Eupatorium cannabinum, Lythrum salicaria and Cirsium arvense). The
remaining area is covered by species-poor grassland, dominated by Calamagrostis epigejos or C. canescens, species-rich
dune grassland with Poa pratensis, Avenula pubescens, Veronica chamaedrys, Galium veru, by young dune slack
vegetation and moss dominated dune vegetation.

Grazing by Konik horses in Westhoek-North started in 1998 with two mares and two stallions. During the observation
period (August 1998 - March 1999) the herd was enlarged with one foal.

2.1.7.2 Westhoek-South

‘Westhoek-South’ (ca. 60 ha), a fenced area in the south of the Westhoek is grazed by a herd of Shetland ponies and a
small group of Highland cattle. The area encompasses a dune slack zone and an inner dune ridge. Two thirds of this area
is covered by more or less closed scrub vegetation: main shrub species are Hippophae rhamnoides, Ligustrum vulgare,
Crataegus monogyna and Prunus spinosa-, tree species are several Poplar species (Populus x canadensis, P. tremula, P.
canescens), Ulmus minor and Alnus glutinosa. The other third of the fenced area is occupied by grasslands and
herbaceous vegetations: species-rich dune grassland with Poa pratensis, Avenula pubescens, Veronica chamaedrys and
Galium verum; tall herb vegetation with Cirsium arvense, Eupatorium cannabinum, Lysimachia vulgaris, Lythrum
salicaria or Iris pseudacorus\ patches of species-poor grassland enclosed by scrub, dominated by Calamagrostis
epigejos’, moss-dominated vegetation (Tortula ruralis ssp. ruraliformis, Hypnum cupressiforme var. lacunosum and
Brachythecium albicans are dominants) and some marram dune (Ammophila arenaria) vegetation.

Eight Shetland ponies and two Highland cattle were released, in 1997 and 1998 respectively, as a nature management
measure in Westhoek-South. Observations of ponies took place between August 1998 and March 2002. Composition of
the herd of Shetland ponies changed during the study period: 25 foals were born in the reserve, one mare was introduced,
the first dominant stallion was replaced by another stallion and 15 ponies were transferred to other reserves to avoid
overgrazing. In August 1998 there were seven mares with foals and one stallion. In March 2002, 19 ponies were grazing
in Westhoek-South: 9 females (6 lactating mares, 1 non-lactating mare and 2 fillies) and 10 males (1 dominants stallion,
3 geldings, 2 yearling males and 4 colts).

Data of the foraging behaviour of the Highland cattle were collected during August 2001 and March 2002. During that
period one cow and three bulls (two ofthem are offspring of the cow) made up the cattle group.

2.1.7.3 Houtsaeserduinen

In the Houtsaegerduinen a herd of donkeys graze all over the reserve (total area 80 ha). The site is mainly occupied by
Hippophae rhamnoides/Ligustrum vulgare scrub, with relatively small and scattered patches of dune grassland and
moss-dominated dune vegetation. Old, deteriorating Hippophae scrub is generally replaced by species-poor grassland
dominated by Calamagrostis epigejos. Part of the area has been planted with Alnus glutinosa and several non-native tree
species (Populus div. spp.).

As a nature management measure five donkey mares and one donkey stallion were released in the area in April 1997.
Data of field observations of the donkeys integrated in this PhD were collected over a time span of three years (August
1998 - July 2001). At the start of the observations the herd consisted of five adult mares, one adult stallion and two foals.
One more mare was introduced in 1999 and 15 foals were born in the reserve. In July 2001 12 female donkeys (7
lactating mares, 2 non-lactating mares and 4 fillies) and 9 male donkeys (3 adult stallions, 3 yearlings and 3 colt foals)
were grazing in the Houtsaegerduinen.

2.1.7.4 Ghyvelde

In Ghyvelde (ca. 75 ha) a herd of Haflinger horses is grazing the entire area. Two thirds of this area is open habitat
formed by Carex are«an'a-dominated grassland, alternating with moss-dominated vegetation (Hypnum cupressiforme
var. lacunosum, Dicranum scoparium and Polytrichum juniperinum are among the most prominent moss species). One
central forest and several dispersed, small congregations of trees shape the woodland at the site, which is mostly



afforested. Approximately 7% of the area is taken by spontaneous scrub of Hippophae rhamnoides, Ligustrum vulgare,
Salix repens and Sambucus nigra.

Observations of the Haflinger horses used in this PhD took place between May 2000 and April 2001. At the initiation of
the observations in Ghyvelde the herd of Haflinger horses was composed of four stallions, 11 mares and three foals.
Composition of the herd changed twice, but during most of the observations 12 adult horses (three stallions, nine mares)
and two foals were grazing the area.

2.1.75 Vegetation units

During observations we recorded the vegetation type where the focal animal was located. It was coded according to
Provoost & Hoffmann (1996). This code is primarily based on vegetation physiognomy (forest, scrub, grassland, ...) and
on the the dominant plant species. Accompanying species were also noted, e.g. species that influence vegetation
structure. This recording of the vegetation type was appointed to the scale of the patch where the animal was located. For
data processing we lumped several vegetation types into higher order vegetation units, depending on vegetation structure
and assumed relevance to large herbivores, i.e. open vegetation and moss dunes, grassland, rough grassland, rough
vegetation, grassland with shrub invasion, scrub and woodland. Most of these vegetation units are present in all study
areas, but differ in some aspects in the different areas. Table 2.3 gives an overview of the distinguished vegetation units,
their characteristics and their cover in the different areas, as also described below.

Main species of open (i.e sparsely vegetated) vegetation are Carex arenaria, Festucajuncifolia or Ammophila arenaria.
Mosses and lichens are the main constituants of so-called moss dunes. In Westhoek-South and Houtsaegerduinen, dry
dune grassland with Poa pratensis, Avenula pubescens, Veronica chamaedrys, Galium verum are part of the ‘grassland’
type, as well as the Holcus lanatus grasslands. Grasslands with Arrhenatherum elatius as main graminoid are also part of
the grassland type in Houtsaegerduinen. Carex arenaria dominates the grassland type in Ghyvelde. Rough grassland,
only present in Westhoek-South and Houtsaegerduinen, is formed by the species-poor grasslands dominated by
Calamagrostis epigejos. Additionally, the wet patches occupied by Juncus subnodulosus whether or not accompanied by
Lysimachia vulgaris, Lythrum salicaria or Mentha aquatica, are part of the ‘rough grassland’ in Westhoek-South. Rough
vegetation is characterized by tall forbs such as Eupatorium cannabinum, Cirsium arvense, Lythrum salicaria and Iris
pseudacorus in Westhoek-South, Eupatorium cannabinum, Cirsium arvense and Urtica dioica in Houtsaegerduinen and
Urtica dioica in Ghyvelde. Vegetation entities formed by Rosa pimpinellifolia, only present in Westhoek-South and
Houtsaegerduinen, are also classified as ‘rough vegetation’. Where shrub species invade the grassland entities the
vegetation evolves into grassy patches with young scrub of mainly Hippophae rhamnoides, Ligustrum vulgare or Salix
repens, i.e. ‘grassland with scrub invasion’ (only present in Westhoek-South and Houtsaegerduinen). Main shrub species
in the three reserves are Hippophae rhamnoides, Ligustrum vulgare and Salix repens. In Westhoek-South Crataegus
monogyna and Prunus spinosa are additional important shrub species. Sambucus nigra is an important shrub species in
Ghyvelde. Poplar species are part of the woodland in all three reserves. Ulmus minor and Alnus glutinosa are additional
tree species in Westhoek-South and Houtsaegerduinen.

2.1.8 Outline of Chapter 2

Chapters 2.2 to 2.4 focus entirely on the foraging behaviour and habitat use of different large herbivores, grazing in
coastal dune areas. Three different parts, each related to different herbivores, are distinguished: Haflinger horses,
Highland cattle, Shetland ponies and Donkeys are the study subjects of part 2.2, 2.3 and 2.4, respectively. In all three
parts we investigated how the grazing activity varied within the spatial and seasonal heterogeneity of the study areas. In
the work on donkeys we enclosed the changes in foraging behaviour over a period of three years. Additionally, in the
case of the cattle and ponies and the donkeys we discussed the potential role of the herbivores in relation to the nature
conservation objectives. Non-foraging behaviour was included in the study of the Haflinger horses. In Chapter 2.5 we
explore differences in grazing behaviour between reproductive and non-reproductive mares in both donkeys and
Shetland ponies. Chapter 2.6 deals with the question whether free-ranging horses perform latrine behaviour or simply
defecate where they graze.

The impact of the observation method on reported time budgets and habitat use of free-ranging equids is investigated in
Chapter 2.7. All observational data used in this thesis were collected through continuous focal animal sampling as
described by Altmann (1974). This method of sampling provides detailed data on time budgets and habitat use of the
observed animals. The extensive data set is a valuable point of departure to compare the technique of continuous focal
animal sampling with the less time consuming technique of instantaneous sampling (scan sampling). We investigated
whether instantaneous sampling with a given time interval and continuous sampling showed differences in the estimate
oftime budget and habitat use of free-ranging equids.

(Possible) solutions to the raised hypotheses are compiled in Chapter 2.8. Can this field study provide insights in the
underlying mechanisms of foraging behaviour of large herbivores? What is the relevance of our findings for nature
management with large herbivores in coastal dunes? What do our results suggest about differences in foraging behaviour
between equid species and breeds?



2.1.9 Data sources

Research results are based on observational data collected by several persons. Besides the field data of my own, the
observational data of two ‘licentiate’ (i.e. Master in Science) students, who were supervised by me, were included.
Additionally, | incorporated the field data of four students who had done their licentiate thesis in a period preceding
(1998-1999) this PhD research or during the beginning of it (1999-2000). These persons are all co-authors of the
chapters in which their data were incorporated.



Figure 2.1 - Geographical location of the different study sites. 1: Houtsaegerduinen, 2: [Vesthoek-North, 3: IVesthoek-South, 4:
Ghyvelde
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Table 2.1 - Seasonal standing crop of grasslands in the dune system compared with production figures of some managed grasslands in
temperate climate.conditions.

Source 1: unpublished data Cosyns

Mean seasonal standing crop of graminoids and herbs of the grassland types in Houtsaegerduinen (HS) and
Westhoek-South (WS) under grazed conditions

a the different grassland types included are grassland, rough grassland and rough vegetation as described in
Table 2.3

2: Ternier et al. 2001

Sum of above ground production ofthe first cut (spring or early summer) and regrowth (up to October in two or
three cuts) of agriculturally managed grasslands dominated by Poa trivialis, Lolium perenne, Elymus repens, Agrostis sp.
and/or Alopecurus pratensis with different fertilizing regimes in the province of West-Flanders (W-VI), Belgium
3: Morrison et al. (1980, cit. in Radcliffe & Baars (1987))

Annual yields from ryegrass swards in the UK, receiving 450 kg N ha'lyr'l(range and average in g DM m2yr'
4: Radcliffe & Baars (1987)

Annual yields of pastures receiving phosphor fertilizer ‘as required’ (average in g DM m"2yr'))

Source System Vegetation Area season  biomass
g/m2 %live
1 Dunes Grassland types a HS Summer 368 93
Autumn 291 85
Winter 227 26
Spring 236 63
WS Summer 313 74
Autumn 307 87
Winter 224 8
Spring 240 86
2 Agriculture Grassland with high level W-VI Total 1410

of fertilizers

Grassland without fertilizers W-VI Total 950
3 Ryegrass grassland UK Total (610- 1430)1140
4 Pasture NZ Total 1040



Table 2.2 - Range and average values of crude protein and NDF of some graminoids, herbs and woody plants in the dune systems
Houtsaegerduinen and Westhoek in the different seasons, compared to those of graminoids and herbs in agricultural grasslands. Crude
protein contents (CP) and Neutral Detergent Fibre (NDF), expressed as proportion of dry matter.

Sources:

1: unpublished data Cosyns, see for detailed information Table2.8

Sampled graminoids (they were not all sampled every season): Ammophila arenaria, Agrostis stolonifera,
Arrhenatherum elatius, Carex arenaria, Carex sp, Calamagrostis epigejos, Festuca juncifolia, Holcus lanatus, Juncus
subnodulosus, Juncus sp, Poa trivialis, Poa sp. (these species were not all sampled every season)

Sampled herbs (they were not all sampled every season): Anthriscus caucalis, Chelidonium majus, Cirsium
arvense, Claytonia perfoliata, Eupathorium cannabinum, Galium aparine, Hieracium umbellatum, Rubus caesius,
Urtica dioica, mix of herbs.

Sampled woody plants (they were not all sampled every season): Fraxinus excelsior, Rosa canina, Rosa
pimpinellifolia, Salix repens.

2: NRC, 1989 and http://eesc.orst.edu/agcomwebfile/edmat/htmI/pnw/pnw503/composition.html
Graminoids: Lolium perenne, Phleum pratense, Poa pratensis (NDF values are only from Phleum pratense)
Herbs: Trifolium repens, Trifolium pratense

Source System Plants Season CP (%) NDF (%)
range avg  range avg
1 Dunes Graminoids Summer 3.6-12.6 9.6 322-764 61.1
Autumn 7.2- 184 131 48.3-73.7 58.8
W inter 3.7-19.4 8.7 46.6-78.2 68.3
Spring 71- 170 12.6 54.2-75.8 61.9
Herbs Summer 9.1- 15.6 11.2 32.2- 52.6 44.5
Autumn 8.3-26.9 15.8 253 - 54.7 39.3
W inter 17.0-21.4 19.2 22.9-40.0 31.4
Spring 101- 182 141  25.5-47.8 35.8
Woody plants Summer 5.7- 124 9.3 33.6-58.6 48.3
Autumn 6.7-8.5 7.6 35.0-56.3 47.1
W inter 6.0 6.0 58.1 58.1
Spring 6.9 69 470 47.0
2 Agriculture Graminoids Early vegetative 12.2-19.0 162 557 55.7
Hay 8.6- 10.8 9.4 61.4 61.4
Herbs Early vegetative 22.3-25.9 240 267 26.7

Hay 15.0-22.4 IX7 36.0-46.9 41.4


http://eesc.orst.edu/agcomwebfile/edmat/html/pnw/pnw503/composition.html

Table 2.3 - Area, description and dominant plant species of the vegetation units distinguished in the study sites Westhoek-South,
Houtsaegerduinen and Ghyvelde

Vegetation unit Cover Area in Description and dominant species
(%) ha
Open vegetation & Moss dunes sparse vegetation cover with Carex arenaria, Festucajunci/olia or

Ammophila arenaria
vegetation cover provided by mosses and lichens

Westhoek -South 11.0 6.6

Houtsaegerduinen 7.8 6.3

Ghyvelde 32.0 24.3

Grassland

Westhoek -South 9.4 5.6 species rich dune grasslands + moist Holcus lanatus grasslands

Houtsaegerduinen 4.7 3.8 species rich dune grasslands + grasslands with Holcus lanatus and/or
Arrhenatherum elatius

Ghyvelde 35.0 26.5 Carex arenaria - dominated grasslands

Rough grassland

Westhoek -South 7.7 4.6 species-poor grasslands dominated by Calamagrostis epigejos + wet
patches occupied by Juncus subnodulosus

Houtsaegerduinen 41 3.3 species-poor grasslands dominated by Calamagrostis epige/os

Rough vegetation

Westhoek -South 9.1 55 vegetation dominated by Rosa pimpinellifolia + vegetation dominated by
tall forbs such as Eupatorium cannabinum, Cirsium arvense, Lythrum
salicaria or Iris pseudacorus

Houtsaegerduinen 35 2.9 vegetation dominated by Rosa pimpinellifolia + vegetation dominated by
tall forbs such as Eupatorium cannabinum, Urtica dioica or Cirsium
arvense

Ghyvelde 3.0 23 vegetation dominated by tall herbs, mainly Urtica dioica

Grassland/Shrub grassland in which young scrub of mainly Hippophae rhamnoides,
Ligustrum vulgare or Salix repens appear

Westhoek -South 71 4.2

Houtsaegerduinen 2.0 16

Scrub main shrub species:

Westhoek -South 41.3 24.8 Hippophae rhamnoides, Ligustrum vulgare. Salix repens, Crataegus
monogyna, Prunus spinosa

Houtsaegerduinen 67.0 54.4 Hippophae rhamnoides. Ligustrum vulgare. Salix repens

Ghyvelde 7.0 53 Hippophae rhamnoides, Ligustrum vulgare, Salix repens , Sambucus nigra

Woodland main tree species:

Westhoek -South 14.4 8.6 Populus spec., Ulmus minor, Alnus glutinosa

Houtsaegerduinen 10.8 8.8 Populus spec., Ulmus minor, Alnus glutinosa

Ghyvelde 23.0 17.4 Populus spec.

Note: for analyses in Chapter 2.5 Grassland, Rough grassland, Open vegetation and Moss dunes were lumped together in
the vegetation unit ‘Grassy vegetation’;

for analyses in Chapter 2.7 Open vegetation and Moss dunes were incorporated in the vegetation unit ‘Grassland’
Westhoek-North is not mentioned in the table, since data of Westhoek-North were only used in Chapter 2.6 (Eliminative
behaviour), where we did not use the level of vegetation units but the level of vegetation types.



Table 2.4 (unpublished data of Cosyns) - Standing crop of several vegetation units in two grazed dune areas.

Vegetation was cut on N plots of 50x50cm, dried, separated in graminoids, forbs and woody plants and weighted. %live:
proportion of the standing crop which was live (green) material. Undet.: plant material which could not be identified as
graminoid, forbs or woody. Winter: data from February 1999; Summer: data from July 1999.

Area Season Vegetation unit Gram. Forbs Wood Undet.
g/m2 %live g/m2 %live g/m2 %live g/m2
W esthoek-South W inter Open A1l 442,00 24 0,00 0,00
Open A3/A4 25,64 14 0,00 0,00
Moss dune 6,49 100 3,85 75 0,00
Grassland
59,79 6 9,14 58 0,12 100 26.28

Rough grassland

387,21 0 20,31 3 0,80 100
Rough vegetation
227,80 0 5,14 41 83,17 100
Woodland
1,82 100 26,14 91 2,72 100
Summer Open Al 485,61 87 2,55 62 0,00
OpenA3/A4 14,47 99 2,96 100 0,00
Moss dune 17,77 91 6,17 96 0,00
Grassland
107,76 77 50,83 100 3,63 100 8,22
Rough grassland
366,57 61 189,73 100 1,64 100 10,83
Rough vegetation
155,68 41 152,64 100 206.90 100 2,58
Woodland
70,14 100 87,96 86 34,88 100 1,46
Houtsaegerduinen ~ Winter Open Al 146,44 53,62 0 Cc
Open A3/A4 6,88 100 0,04 100 C
Moss dune 9,07 42,03 2,53 C
Grassland
73,92 72,67 10 12,8 34,4 100
Rough grassland
358,51 0.91 0 6,08 100 5,68
Rough vegetation
186,00 18,82 0,65 20 160 100
Summer Open Al 1047.12 51,22 0,15 90,910 0
Open A3/A4 14,06 62,16 0,32 375 c
Moss dune 27,62 86,50 13,37 943156 0
Grassland
449,07 100 77,49 96,6191 24,16 100 12,33
Rough grassland
314,08 82,73 7,86 76,2874 19,95 100

Rough vegetation

110,47 100 31,17 89,0204 188,93 100 9,33



Table 2.5 (Meydam, 1996) - Standing crop of exclosures in several vegetation units in Meijendel, a dune area in the Netherlands. Two
parts (Kijfhoek/Bierlap, ca 275 ha and Helmduinen, ca 135 ha) are grazed by Galloway cattle and Fjord horses,
Proportion of edible graminoids were estimated (unpubl. data Van der Hagen), Estimated values were used to calculate
the standing crop ofthe edible graminoids; a: we used the data to calculate the total standing crop ofthe vegetation units.

Vegetation unit ha graminoids Totala

Kijfhoek Helmduinen Proportion  Standing crop (g/m2 Standing crop (g/m2

(%)
Nov 1994 Nov 1995 Nov 1994 Nov 1995

Herbaceous grassland 13,75 10,13 32 41 33 128,12 103,12
Carex arenaria dominated 13,75
grassland 6,75 80 186 183 232,50 228,75
Moss dune 6.87 3,37 3 1 2 33,33 66,67
Moss dune 6,87 3,37 35 46 32 131,43 91,43
Moss dune with Calamagrostis 8.25
epigejos 6,75 17 19 29 111,76 170,59
Calamagrostis epigejos dominated 13,75
grassland (short) 13,50 80 151 264 188,75 330,00
Phragmites australis 1.20 5,70 90 377 577 418,89 641,11
Herbaceous grassland 13,75 10,13 45 95 126 211,11 280,00
Open vegetation with Ammophila  41.25 15
arenaria 20,25 57 23 380,00 153,33

Table 2.6 (Putman, 1986) - Total annual production of several grazed vegetation units in the New Forest, Great Britain.

Vegetation units Growing season production (g/m2)
1977-78 1978-79
Re-seeded lawns 349 226
Streamside lawns 473 492
Improved grasslands 321 329
Acid grasslands 190 158

Bog 549



Table 2.7 (Ternier et al. 2001) - Total annual production and crude protein values of several grassland types in the province West-
Vlaanderen, Belgium. Crude protein (CP) values expressed as proportion of dry matter.

Main species of grassland managed for botanical diversity: Elymus repens, Lolium perenne, Poa trivialis,Agrostis
spec.,iBromus hordeaceus, Alopecurus pratensis,Holcus lanatus,Lolium multiflorum,Senecio jacobaea, Trifolium repens,
Poa annua, Arrhenatherum elatius, Ranunculus spec., Cardamine hirsuta;

Grassland managed for avifauna diversity:£/>?ww.s repens, Lolium perenne, Poa trivialis, Agrostis spec., Bromus
hordeaceus, Alopecurus pratensis, Holcus lanatus, Lolium multiflorum, Seneciojacobaea, Trifolium repens;

Classical production grassland: Elymus repens, Lolium perenne, Poa trivialis, Agrostis spec., Bromus hordeaceus,
Alopecurus pratensis, Holcus lanatus, Lolium multiflorum.

Grassland type Fertilizers Mowing regime Total CP (%) CP (%)
production first cut regrowth
(9/m2
G_rassl_and managed for botanical none added Jul, (Aug), Oct 950 6.1 13,7
diversity
G_rassl_and managed for avifauna Intermediate Jun, Aug, Oct 1117 6.4 146
diversity level

Classic production grassland High level May, Jun, Aug, Oct 1410 13,7 14,0



Table 2.8 - Nutritive value of several plant species.

Sources:

A :unpublished data of Cosyns, E. Results of chemical analyses of hand-plucked samples representing bites. (HS: Houtsaegerduinen;
WS: Westhoek-South; WN: Westhoek-North)

B: several literature sources:
1 http://eesc.orst.edu/agcomwebfile/edmat/html/pnw/pnw503/composition.html

2. NRC, 1989
3. Vulink, 2001. Data of the three forage classes in a reed dominated vegetation (OP: Oostvaardersplassen, NL)

4. Isterdael et al. 1990. Three main forage species for sheep grazing in heather (KH: Kalmthoutse heide, B)

All values expresses on a dry matter basis. CP = Crude protein; NDF = Neutral detergent fibre; ADF = Acid detergent fibre; ADL =
lignine; SS = Soluble sugars; DE = Digestible energy

Source

A

Vegetation unit

Open Al

Open A3/A4
Moss dune

Grassland

Rough
grassland

Rough
vegetation

Scrub

Species

Ammophila arenaria

Carex arenaria

Festucajuncifolia

mix: Holcus
Carex spec,
spec, Poa

lanatus,
Juncus
trivialis,

Seneciojacobaea

mix: Holcus

lanatus,

Calamagrostis epigejos

mix: Holcus lanatus,

Poa trivialis,
spec

Juncus

Agrostis stolonifera
Arrhenatherum elatius

Galium aparine

Calamagrostis epigejos

Juncus subnodulosus

mix: Juncus spec, Poa

spec.

Cirsium arvense

Eupatorium
cannabinum
Rubus caesius

Rosa pimpinellifolia

(fruits)

Hieracium umbellatum
Ligustrum vulgare

Rosa canina
(fruits)

Area

HS
WS
HS

WS

HS
WS

WS

WS

WS

WS
HS

HS

WS

HS

WS

WS

WS

HS

HS

HS

HS

HS
HS

Season

Spring
Winter
Summer
Spring
Summer
Autumn
Spring
Summer
Autumn
Winter
Winter
Spring
summer
Summer
autumn

Summer
Autumn

Summer

Summer
Spring
Summer
Autumn
winter
Spring
Summer
Spring
Summer
Spring
Summer
Autumn
winter
Spring
summer
Spring
Autumn
Spring
Autumn
Autumn

Summer
Autumn
Summer

Summer
Autumn
Summer
Autumn

CP
*9
71
3,7
3,6
12,9
7.4
7.2
10,3
9,0
11,0
7,2
54
8,3
59
14,7

13,6
12,9

18,3

12,6
10,7
141
4,9

184
19,4
107
104
183
91

158
83

104
78

17,0
72

152
12,7
10,1
26,9

8,3
11,6
9,4

6,5
9.3
8,5
57
6,7

NDF
*9
75,8
74,9
76,2
57,4
66,4
65,0
59,8
66,7
69,7
70,7
71,0
63,5
70,1
44,6

50,7
56,7

48,3

47,4
61,1
54,6
61,3
525
46,6
375
52,1
32,3
52,6
66,5
76,4
737
78,2
63,4
73,6
54,2
51,4
47,8
36,0

43,9
42,6
36,7

46,3
43,0
35,0
58,6
49,9

ADF
*9
43,4
43,6
42,4
27,2
33,1
32,6
28,6
33,1
345
36,9
38,1
32,0
374
21,0

24,9
26,8

21,7

23,3
31,2
26,8
35,0
27,1
21,5
24,2
36,6
22,9
35,8
35,0
41,4
46,4
435
27,3
36,5
25,8
23,2
32,8
22,9

29,3
26,0
22,4

35,4
28,7
24,3
40,4
38,9

ADL
*9
8,8
9,0
9,7
53
6,5
7,3
6,2
7,0
6,7
7,8
45
49
5,2
48

7,2
4,0

51

51
4,3
2,9
4,4
55
23
4,7
8,7
5,9
7,7
5,5
6,6
6,2
73
15
31
4,2
5,0
9,2
6.2

91
7,3
57

15,0
71

12,6
12,4
15,7

Ss DE
(] (Mcal/kg)
1,5
23
49
71
6,0
6,7
8,0
52
23
41
36
8,6

10,6

5,9
6,1

6,2

10,9
6,9
4,2
14,6
55
91
12,1
3,3
2,8
3,6
2,4
1,6
2,9
2,2
35
1,6
7,3
12,7
0,7
3,9

21
6,6
8,3

15,2
41
7,3
6,6
10,0


http://eesc.orst.edu/agcomwebfile/edmat/html/pnw/pnw503/composition.html

Source Vegetation unit Species Area Season CP NDF  ADF ADL SS DE
*9 3 @ * * (Mcal/kg)
Salix repens WN Spring 6,9 47,0 36,2 14,4 14,5
Summer 12,5 54,7 38,5 16,6 3,2
Autumn 7,7 56,3 42,3 15,7 6,7

Winter 6,0 58,1 44,4 17,2 50
Claytonia perfoliata HS Winter 21,4 22,9 14,5 3,8 10,6
WS Spring 13,2 35,8 19,0 8,0 4.9
Diplotaxis tenuifolia WN Summer 17,9 32,2 23,7 6,3 9,8
mix of herbs HS Winter 17,0 40,0 27,0 14,6 34
Woodland Fraxinus excelsior HS Summer 12,4 33,6 18,9 6,0 4,4
Urtica dioica HS Summer 15,6 32,2 20,0 6,0 2,2
Autumn 13,4 54,7 37,0 10,2 1,3
Anthriscus caucalis WS Spring 18,2 25,5 18,8 6,3 1,7
Chelidonium majus HS Autumn 21,0 25,3 15,6 5,0 6,5
B Fertile Lolium perenne Early
grassland vegetative 19,0 3,50
Hay 8,6 2,82
Phleum pratense Late
vegetative 12,2 55,7 29,0 2,37
Hay 10,8 61,4 35,2 2,06
Poa pratensis Early
vegetative 17,4 2,09
Hay 8,9 171
Trifolium repens Early
vegetative 25,8 2,50
Hay 22,4 36,0 32,0 2,20
Trifolium pratense Early
vegetative 22,3 26,7 19,9 3,19
Hay 15,0 46,9 36,0 2,22
Reed grasses OP Spring 12,0 53,5
dominated Autumn 18,5 48,9
vegetation Phragmites australis Op Spring 22,2 62,9
Autumn 16,2 64,0
herbs oP Spring 20,7 32,5
Autumn 23,4 34,7
Heathland Deschampsia flexuosa KH Spring 10,7
Molinia caerulea KH Spring 14,8

Calluna vulgaris KH Spring 7,7



Table 2.9 - Composition of the herds of equids and the group of cattle in the three Flemish nature reserves. The data cover the
different study periods used in this work. The situation at the beginning of the year is given.

Study site

Houtsaegerduinen
80 ha

Westhoek-South
54 ha

Westhoek-North
60 ha

Species

Donkeys

Shetland ponies

Highland cattle

Konik

Highland cattle

year

jan/98
jan/99
jan/00
jan/o1
jan/02
jan/98
jan/99
jan/00
jan/01
jan/02
jan/98
jan/99
jan/00
jan/01
jan/02
jan/99
jan/00
jan/99
jan/00

adult
5
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females
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2
2
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newborn

adult
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2-year
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Westhoek-South

grassland with scrub invasion
grassland

open vegetation and moss dune
rough grassland

rough vegetation

scrub

woodland



Figure 2.4 - General vegetation map ofthe FNR Houtsaegerduinen, based on FCIR aerial photo interpretation

Figure 2.5 - General vegetation map of Westhoek-North, based on FCIR aerial photo interpretation
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Westhoek - South
Terrain Use of Shetland ponies
Aug 2001 - March 2002
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Figure 2.7 - Locations o fthe Highland cattle in Westhoek-South, based on periodicalfield observation during 6 hour sessions
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Houtsaegerduinen
Terrain Use of Donkeys
May 2000 - April 2001
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2.2 Do season and habitat influence the behaviour of Haflinger mares in a coastal dune
area ?

Indra LAMOOT and Maurice HOFFMANN

published in:
Belgian Journal ofZoology (2004) 134, pp. 97-113

2.2.1 Abstract

This study was performed to gain more knowledge about the behaviour and habitat use of Haflinger mares, free-ranging
in a low-productivity dune area. Detailed data on these animals’ time-budgets were collected over a full year, through the
focal animal observation technique. On average the Haflinger horses spent 68% of the daytime grazing, 18% resting and
8% walking. The horses’ behaviour was significantly different among seasons, mainly through a change in grazing time.
Shorter grazing times in summer allowed the animals to rest longer than during the other seasons. We suggest that
especially the decreased forage quality and quantity of the grazed habitats in the non-growing season accounted for the
increased grazing time in autumn and winter. In all four seasons the horses preferred grazing in the grassy habitat.
However, habitat use showed seasonal variation. Moss dunes were grazed more intensively in winter and spring,
compared to summer and autumn. Throughout the year rough vegetation, scrub and woodland were little grazed. For
several response variables the observed variation could be partly explained by the differences between individual
animals.

Key words: horse, free-ranging, habitat use, time-budget, grazing behaviour, non-grazing behaviour.

2.2.2 Introduction

Several authors have reported (daylight or 24 hours) time-budgets of feral horses (Salter & Hudson, 1979; Jarrige &
Martin-Rosset, 1987) or free-ranging horses living in natural or semi-natural conditions (Duncan, 1980, 1985; van
Dierendonck et al., 1996; Berger et al., 1999; Boyd & Bandi, 2002). On the whole, time-budgets of free-ranging and
feral horses show large similarities, with highest time-investment in grazing. Resting, moving and alertness take most of
the remaining time. However, behavioural differences due to environmental conditions, such as habitat, forage quality
and weather are reported, as well as a relationship with intrinsic aspects such as age, sex and reproductive state.

The aim of the present study was to describe the behaviour and the habitat use of Haflinger horses, introduced into an old
coastal dune area with low primary production. This low-productivity environment offers the herbivores rather low
levels of forage quality and quantity, in comparison with more nutrient rich systems. These nutrient and energy
restrictions are even more pronounced during the non-growing season (Bokdam & WallisDeVries, 1992; Duncan, 1992),
i.e. the season with low plant production (from October to March in temperate regions). Free-ranging herbivores have to
make many foraging decisions at different resolution levels (Senft et al., 1987; Stuth, 1991), resulting in a foraging
strategy that meets the large herbivores’ nutrient and energy requirements. These decisions are primarily made in relation
to forage availability and quality, which are in turn determined by environmental conditions. We expect that the rather
low levels of forage quality and quantity will be reflected in the foraging behaviour of the Haflinger horses, in particular
by long grazing times. Furthermore, we suppose that the horses adjust their behaviour and habitat use to the seasonal
changes in their environment. According to the literature we may assume that this adjustment will result in an increased
grazing time as well as a broader habitat use outside the growing season (e.g. Pratt et al. 1986; Duncan, 1983; Duncan,
1985).



2.2.3 Material and Methods

2.2.3.1 Study site and animals

Research was performed in the nature reserve Ghyvelde (60 ha), an old dune area close to the northern French coastline
and bordering an equally old dune ridge in Belgium (Adinkerke). Ghyvelde is located in a coastal region with mild
winters and mild summers. Mean annual temperature is 9.8°C. In summer, autumn, winter and spring mean temperature
is 15.9°C, 10.8°C, 3.9°C and 8.7°C, respectively, mean monthly precipitation is 60.7mm, 74.8mm, 56.5mm and 48.5mm,
respectively (means over the period 1963-2002) (Meteo WVL vzw).

Two thirds of the area is covered by open habitat, mainly formed by Carex arenaria-dominated grassland (Plantagini-
Festucion community), alternating with moss dunes, dominated by mosses and lichens and a sparse cover of grasses and
forbs (Thera-Airion community). One central afforested area and several dispersed, small patches of trees shape the
woodland at the site (approximately 23% of the area). Approximately 7% of the area is scrub vegetation, consisting of
Hippophae rhamnoides, Ligustrum vulgare, Salix repens and Sambucus nigra.

During the study, a herd of 14 to 18 Haflinger horses grazed the site. They were introduced to decrease or hamper the
encroachment of competitive plant species that tend to form species poor to monospecific vegetations. They graze year
round and no additional food is given. The horses have access to one artificial water point for drinking. We chose three
adult mares as the focal animals for the observations: one had a foal, the other two were non-lactating. All three mares
were in good condition.

2.2.3.2 Behavioural observations

Data were collected through continuous focal animal observation (Altmann, 1974). From May 2000 until April 2001 we
conducted 31 sessions of six hours (with a frequency of 3 sessions per month). All observations took place during
daylight (between 9:00h and 19:00h) and were done by one observer. During a six-hour period we continuously
monitored the behaviour of one focal animal, chosen at random from the three mares that were a priori selected for this
study. Most of the horses are habituated to humans and can be approached within a range of 1 m without causing any
visually observable influence on behaviour.

We recorded the duration (accuracy: 1 s) of the different behavioural types, as well as the vegetation type and the
vegetation height. We recorded and took into account grazing as well as non-grazing behaviour (drinking, walking,
standing alert, resting upright, laying down, rolling, grooming, mutual grooming, defecating, urinating). To analyse the
data the different vegetation types considered in the field were lumped into five habitat types: ‘grassy vegetation’, ‘moss
dune’, ‘rough vegetation’, ‘scrub’ and ‘woodland’, which cover 35%, 32%, 3%, 7% and 23% of the area respectively.
For vegetation height we used a scale related to the animal’s physiognomy: ‘no height’ (in case of no vegetation),
‘shortly grazed’, ‘hoof, ‘knee’, ‘belly’, ‘spine’ and ‘higher’. We have no data on the relative availability of each ofthese
height classes. Season definition follows the plant productivity periods in temperate regions, i.e. summer (June -
August), autumn (September - November), winter (December - February) and spring (March - May).

2.2.3.3 Data analysis

The calculation of the time-budget was based on the total time spent per day on each behaviour. Variation in the time-
budget was investigated by the use of the following response variables: mean time per day spent in a certain behaviour,
mean number of bouts, mean number of periods of a certain behaviour per day, mean duration of a bout and mean
duration of a period of a certain behaviour. A “bout” is a phase in which a certain behaviour is performed without
interruption. A “period” is the accumulation of several bouts of the same behaviour if they are not interrupted for more
than five minutes. For example, the horse can stop a grazing bout to scan its environment. After a few seconds or
minutes it can prolong its grazing behaviour and stop this to start a resting period. That grazing period (called a “meal”)
consists of two grazing bouts. The short interruption is not seen as a break of the meal, but is not included in the
calculation of the meal duration, which is only the effective grazing time during a meal. Main attention focussed on the
behavioural types grazing, resting and walking. Additionally, we considered standing alert, grooming, mutual grooming,
drinking, defecating, urinating and rolling. We investigated whether the observed variation in the response variables was
affected by seasonality. We were aware of the possibility that differences in behaviour between individual animals could
explain, at least partly, the observed variation. Therefore, we used mixed-model ANOVA to investigate the effect of the
fixed factor ‘season’ on the variation in mean time, mean number of bouts and mean bout duration, and included the
random factor ‘individual’ into the model. Ifthe random factor was not significant, we consequently excluded it from the
model. The Scheffé multiple comparison procedure was used as post hoc test. In case of inconsistency with the
assumptions for the use of ANOVA, we used Kruskal-Wallis One Way Analysis. However in such cases we could not
incorporate a random factor. This meant that for the analysis of the effect of the factor ‘season’, the impact of possible
individual differences could not be regarded. Hence, we had to analyse the potential effect o f ‘individual’ with a separate
analysis.



To investigate the habitat use of the horses we considered the variable mean grazing time per day per habitat type or per
vegetation height. When on a given day an animal was not grazing in a certain habitat or height, null values were
included to calculate the mean grazing time. In the ANOVA-model we considered two fixed factors ‘season’ and ‘habitat
type’ or ‘height category’, their interactions and the random factor ‘individual’. We eliminated a non-significant random
factor or interaction from the final model. We investigated the use of the five different habitat types a second time by
taking into account the availability of the five habitat types. Therefore we divided the mean grazing time per day per
habitat type by the available surface (in ha) of that habitat type.

All analyses were performed using SPSS 11.0 for Windows.

2.2.4 Results

2.2.4.1 Time-budget

Table 2.10 gives an overview of the time budget of the three Haflinger mares. In general grazing took the main part of
the time-budget; on average 68% of the observed time. On average, the horses spent 18% of their daytime resting, 8 %
walking and 3% standing alert. Grooming, drinking, nursing, mutual grooming, defecating, urinating, rolling and
interactions accounted for only 4% of the total daytime. Fig. 2.9 illustrates the time-budget over the whole year and the
variation between seasons.

2.2.4.2 Grazing behaviour and habitat use

Mean grazing time per day was affected by season (p=0.030). The random factor individual could not be deleted from
the statistical model as it had a significant effect. Post-hoc tests showed that the horses had significantly lower grazing
times in summer compared to autumn and winter (Su: 56% of six hours; Au: 71%; Wi; 78%; Sp: 68%).

Average duration of a meal, average duration of a grazing bout, average number of meals and average number of grazing
bouts were not different in the four seasons. However, the observed variation in meal duration, grazing bout duration,
number of meals and number of grazing bouts could be explained to a certain extent by the differences between
individual animals.

To investigate the habitat use of the horses we considered the differences in average grazing time per habitat type per
day. The horses grazed 176 min/6 hrs in grassy vegetation and 54 min/6 hrs in moss dunes. In comparison, grazing times
in other habitat types were much lower: 2, 7 and 4 minutes in rough vegetation, scrub and woodland respectively. Table
2.11a illustrates the ANOVA results: significant main effect of habitat (pO.0OlI), significant interaction season*habitat
(p<0.001) and a significant random effect. Similar results were found when we analysed the habitat use taking into
account habitat availability (grazing time in grassy habitat: 6.50 min/6 hrs/ha; moss dune: 2.50 min/6hrs/ha; rough
vegetation: 0.85 min/6hrs/ha; scrub: 1.32 min/6hrs/ha; woodland: 0.30 min/6hrs/ha) (Table 2.11b; fig.2.10). The
significant interaction illustrates the seasonal changes in habitat use. Moss dunes were grazed more in winter and spring
than in summer and autumn, and this was at the expense of the grassy habitat. Rough vegetation was only foraged in
autumn. In autumn, winter and spring scrub was grazed a bit more, compared to summer. The woodland was visited for
grazing a bit more often in spring, compared to the other seasons. Nonetheless, the horses foraged less in rough
vegetation, scrub and woodland, throughout the year.

We analysed the effect of vegetation height on grazing time when the horses were foraging in grassy habitat and moss
dune. The Haflinger mares were grazing in hoof high vegetation 57% of the time that they were grazing in grassy habitat
or moss dune, and 40% in shortly grazed vegetation. This difference seemed more pronounced in summer and spring
than in autumn and winter, so we also analysed if there was a significant interaction between the effect of height and the
effect of season. There was a significant effect only of height (p=0.029). No significant interaction or significant random
effect of individual was found.

2.2.4.3 Resting behaviour

The mean resting time per day was significantly different between seasons (p=0.005) and between individual animals. In
summer significantly more time was spent resting compared to autumn, winter and spring (result of post hoc-tests) (Su:
27% of six hours; Au: 13%; Wi: 12%; Sp: 17%). The duration of a resting period and the duration ofa resting bout were
similar in all seasons and for all individuals. The factor season had also no effect on the average number of resting
periods. Number of resting periods and number of resting bouts were significantly different between individual animals.
Resting behaviour was only observed in grassy vegetations and moss dunes, never in rough vegetation, scrub or
woodland.



2.2.4.4 Watkins behaviour

The mean walking time per day was not affected by the factor season. In summer, autumn, winter and spring the
Haflinger mares on average walked respectively 33 min, 30 min, 24 min and 22 min/6 hours. Individual horses did not
differ in mean walking time per day. There were no seasonal or individual differences in the average duration of a
walking period, average number of walking periods, average walking bout and average number of walking bouts. Horses
mostly walked in the grassy vegetations and moss dunes, and rarely moved around in rough vegetation, scrub or
woodland.

2.2.4.5 Other behavioural aspects

We considered here the behaviours standing alert, grooming, mutual grooming, drinking, urinating, defecating and
rolling. We found no seasonal variation in the mean time per day spent on these behaviours. For the behaviours standing
alert and rolling we found significant individual differences. The mean grooming frequency per day was significantly
different between seasons (p=0.004) and between individuals. Individual variation was also found for the mean
defecating frequency. The mean time of a bout was different between seasons for defecating and different between
individual horses for grooming.

2.2.5 Discussion

2.2.5.1 Time-budset

On average, the Haflinger horses spent 68% of the daytime grazing and 18% resting, of which only 1% was lying down.
The horses were walking around for 8% of their time and spent 3% standing alert. This daylight time-budget is in line
with time-budgets of other free-ranging and feral horses. Jarrige & Martin-Rosset (1987) reported that feral horses spend
50-73% of their time grazing during daylight. Przewalski horses in a nature reserve in the Mongolian steppes only grazed
an average of 49% of the daytime (van Dierendonck et al., 1996). Duncan (1985) concluded that feeding of Camargue
horses generally occupies 50-70% of a whole day and resting 20-30%, the remainder being spent on alertness and
movement. We suggest that the rather long grazing times of the Haflinger horses reflect the poor nutritive quality and
quantity of the grazed habitats. Berger (1986) reported long grazing times (68.3% & 78.1% for non-reproductive and
reproductive mares) in low quality home ranges as opposed to lower grazing times (58.5% & 65.8% for non-
reproductive and reproductive mares) in high quality home ranges.

We found low daily resting times, and resting occurred mainly in the standing position. As Duncan (1985), Mayes &
Duncan (1986) and Pratt et al. (1986) already indicated for other horse breeds, we consider it very probable that the
Haflinger horses also rest more at night, in the standing as well as in a recumbent position, than during the day.
Paradoxical sleep occurs in the recumbent resting periods (Boyd, 1998; Waring, 2003); however, standing, not
recumbency, is the posture of minimal energy demand for horses (Winchester, 1943). Environmental factors influence
the horse’s resting behaviour (Waring, 2003), while individual variation has been reported as well (Duncan, 1980).
However, we believe that there is a minimum level for resting critical to equid well-being, as also suggested by Duncan
(1992). Increased resting time above this threshold is possible when other maintenance requirements are fulfilled. In
nutrient poor systems horses will be more time-limited, in comparison with horses in nutrient rich systems, owing to the
increased foraging effort needed to meet their energy and nutrient requirements. We suggest that on the one hand the
maximum grazing time of horses is determined by a threshold for other maintenance activities, in particular resting. On
the other hand “free” time to increase the resting time is mainly determined by the time spent on the horses’ main
activity, i.e. grazing. Since the Haflinger horses forage in a low productive, nutrient poor system, we hypothesize that
even if the horses rest more at night, the proportion of the time spent resting in a 24-hour period would remain low, in
comparison with other studies (Duncan, 1985; Boyd, 1998). Furthermore, diet is one of the factors affecting patterns of
sleep. Stabled horses increased their total time lying down when fed on a higher quality diet (Dallaire & Ruckebush,
1974). Duncan (1985) found a positive correlation between time spent lying and protein concentration in the diet. The
Haflinger horses were mainly foraging on grassland dominated by Carex arenaria, which has indeed a low protein
content, especially in the non-growing season (Cosyns, unpubl.).

2.2.5.2 Seasonal variation in time-budset

During the autumn and winter the horses increased their grazing time, while in summer feeding time dropped to a
minimum. This is in line with previous studies in temperate regions (Duncan, 1985; van Dierendonck et al., 1996; Berger
et al., 1999; Cosyns et al., 2001; Menard et al., 2002), as well as in subarctic conditions (Salter & Hudson, 1979). We
suggest that the relatively higher quality and availability of forage in summer accounted for the drop of grazing time
compared to the non-growing seasons. Horses perform most of their foraging behaviour during the daylight period
(Duncan, 1985; Pratt et al., 1986). Therefore, we might expect that in autumn and winter the grazers had to concentrate



their grazing more in a shorter daylight period, than in summer and spring, when they can spread their grazing activities
over a longer daylight period. Although this could partly explain the increased daylight grazing time in autumn and
winter, we also find this pattern in studies which have calculated time-budgets based on observations spread over twenty-
four hour periods (Duncan, 1985; Berger et al., 1999; Menard et al. 2002). Thermoregulation during hot summer days
could result in more grazing during the late evening or night. However, we rarely observed horses seeking shade.
Therefore we assume that this factor was of minor importance in explaining the seasonal variation in daylight grazing
time. Some authors have suggested that the observed drop in foraging time in summer is mainly caused by a response to
attacks by biting flies (Duncan, 1985; Mayes & Duncan, 1986), which is also seen in reindeer (Hagemoen & Reimers,
2002). Though we did not measure this variable, we think that biting insects are not present at the study site in such
numbers that they would influence the horses’ behaviour strongly. The lack of seasonal variation in grazing bout
duration and number of grazing bouts could reflect the lack of disturbance by external factors, such as biting flies.
Concluding, as mentioned above, we suggest that seasonal differences in forage quality and quantity play a major role in
the seasonal variation in grazing time of the Haflinger mares in the present study. Grazing time is generally lowest when
forage is abundant and of good quality, and highest when forage is of low quality or availability is limited (Vallentine,
1990; Stuth ,1991). Duncan (1985) suggested that horses increased their feeding time in winter to a maximum possible
value in an attempt to maintain a high quality diet. Lamoot et al. (this PhD.) found longer grazing times, but lower bite
rates, in autumn and winter compared to summer and spring, for donkeys and ponies. At the level of the grazed patch, a
prolonged searching time for plants or plant parts to be consumed to achieve a diet of acceptable quality, might increase
the grazing time (and diminish the bite rate).

The Haflinger horses in the present study spent more time resting per day in summer, in comparison with the other
seasons, mainly as a result of the (non-significantly) higher number of resting periods in summer. There was no seasonal
variation in walking time per day. As discussed above, we assume that the increased resting time in summer was related
to the decreased grazing time in summer. In summer the grazing horse could meet its nutritional requirements more
easily and in less time. Consequently, this resulted in “free” time available to spend resting. Seasonal variation in resting
time and the lack of seasonal variation in walking time are not in line with the findings of Duncan (1985). He found
longer walking times in summer, and little seasonal variation in time spent resting. This might be due to the differences
between study sites. In our study site palatable patches are available in a more or less continuous pattern. Therefore,
seasonal variation in walking time is not expected. In the Camargue insect harassment in summer could result in more
moving around. We suggest that insects are not present in our study site in such numbers that they would influence the
horses’ behaviour strongly.

Seasonal variation in grooming frequency per day was found, with more grooming bouts in spring, which could be
related to the moulting season, as was also suggested by Tyler (1972). We did not find differences between seasons for
any of the other behaviours considered. Mean frequency of drinking at Ghyvelde was 2.1 time per 6 hours. Feral horses
are reported to drink only once or twice in a 24 h period (Fraser, 1992). At pasture, frequency, but not duration of
drinking bouts increased as temperature increased (Crowell-Davis et al., 1985), a phenomenon not found in the present
study. Kimura (1998) reported seasonal variation in mutual grooming, probably due to changes in distances between
individual horses. No seasonal differences in mutual grooming behaviour were found in the present study. Although we
did not measure distances between horses, our field observations did not indicate remarkable seasonal changes in
individual spacing.

2.2.5.3 Habitat use

Taking in account the availability of the distinguished habitat types, we found that the horses grazed predominantly in
grassy habitat, i.e. the grasslands dominated by Carex arenaria. However, the habitat use of the Haflinger horses showed
seasonal variation. In winter and spring moss dunes were grazed longer than in summer and autumn. The grassy habitat
was grazed less in winter and spring. Rough vegetation, scrub and woodland were little grazed throughout the entire
year, although there was a limited use of scrub that remained constant over the entire year. A slightly increased use of
rough vegetation was observed in autumn, and woodland was used a little more in spring. When grazing grassy habitat
and moss dune, the mares grazed significantly more in patches with ‘hoof height, compared to shortly grazed patches.
This figure did not provide any indications on preferences, however, as there are no data about the relative availability of
the different vegetation heights. We hypothesized that the Haflinger horses would show seasonal variation in habitat use,
which is confirmed by our results. However, we expected that the horses would graze more in scrub and woodland
during the non-growing season, due to the expected depletion of the preferred grassy habitat. It remains unclear why the
Haflinger horses did graze more in moss dunes, and not in woodland or in scrub. A possible reason could be the presence
of a relatively large number of winter annuals in these moss dunes, which might serve as relatively good quality winter
forage. However, there are no data on the total primary production and nutritive quality of these winter annuals to
support this suggestion. Our results are in line to some extent with the findings of Gordon (1989), who investigated
vegetation community selection on the Isle of Rhum (Scotland). Out of four different ungulates (cattle, red deer, goat and
pony) ponies performed the smallest seasonal changes in vegetation use. Only in autumn ponies broadened their
vegetation community use. Pratt et al. (1986) reported that grasslands remained of major importance throughout the year
for New Forest ponies, which is consistent with our results, but the ponies showed a greater flexibility in foraging



behaviour over the winter months. Especially woodland was grazed more in winter. Also Duncan (1983) concluded that
the Camargue horses were more dispersed over the various vegetation complexes in the cooler season.

2.2.5.4 Variation amone individual horses

In the Camargue the time-budgets of free-ranging horses were investigated over several years (Duncan, 1980). Based on
differences in time spent standing resting, standing alert and lying down, he could divide the animals into three groups,
i.e. adult females, yearlings and adult males. The time spent foraging and walking was remarkably similar for all the
individuals.

Prior to the present study period we selected three adult mares for observation. Consistent with the findings of Duncan
(1980) and because the horses were foraging as a herd, we did not expect far-reaching differences in time-budget
between the mares. However, for the analysis we wanted to take into account possible variation among individuals,
especially because we noticed during observations that one mare, older and presumably high on the dominance rank, was
grazing less than the other two. Our results demonstrate that the time-budgets indeed differed between the observed
mares. We suggest that bias through individual variation could be avoided to some extent by increasing the number of
focal animals for the data collecting through the focal animal observation technique. The individual variation in time-
budgets has far-reaching consequences for data analysis. When investigating environmental differences in behavioural
aspects, one has to keep in mind that variation between observed individuals can bias the results, if not incorporated in
the statistical analyses. Again, we suggest the need for a larger sample size when investigating the behaviour of a herd of
horses.

2.2.6 Conclusions

The Haflinger mares performed time-budgets similar to those presented in literature, with grazing as the main time-
investment. They showed rather long grazing times, which could be a response to their low productive habitat. The
horses’ behaviour was influenced by the factor season, mainly through a change in time spent grazing. The drop in
grazing time in summer made time available for resting. During the entire year, most of their grazing, as well as their
non-grazing behaviour, took place in Carex arenaria-dominated grassland with short sward height. In winter and spring
moss dunes were grazed more compared to summer and autumn. Although not expected, individual variation explained
at least partly the observed variability of many variables.
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Table 2.10 - Time (minutes) per 6 hours day and number of bouts per 6 hours of each behaviour: mean, minimum (min.), maximum
(max.) and Standard Error (SE). Sample size: 3 individuals, 31 observation days.

Fixed effect of season and random effect of individual (ind.) on mean time per day and mean number of bouts were
investigated: ***: p<0.005; **: p<0.01; *: p<0.05; n.s.: not significant

Behaviour Time Effect Number Effect
Mean  Min. Max. SE Seas. Ind. Mean Min. Max. SE Seas. Ind.
Grazing 242.6 1283 2910 161 - 92 44 112 59 ns. n.s.
Resting 638 255 1532 120 % %V 9 3 29 2.4 ns. o
Resting up 59.4 7.3 152.3 128 9 2 28 25
Lying down 4.4 0.0 25.8 2.3 1 0 3 0.3
Walking 27.9 155 37.4 21 ns. n.s. 76 56 91 3.4 ns. ns.
Standing alert 123 33 332 29 ns > 25 8 45 42 ns. n.s.
Grooming 4.0 09 91 0.8 ns. ns. u 5 17 14 o
Drinking 2.0 4.2 4.8 04 ns. ns. 2 1 5 0.4 ns. n.s.
Mutual groom. 14 0.0 6.3 06 ns ns. 2 0 7 0.6 ns. ns.
Defecating 0.8 0.2 1.9 01 ns. ns. 4 1 6 0.5 ns.
Urinating 0.6 0.2 1.0 0.1 n.s. n.s. 3 1 5 0.4 ns. ns.
Rolling 0.1 0.0 0.4 0.0 ns. 0.4 0 1 0.1 ns. ns.
remainder 0.1

Table 2.11 - Results of the mixed-models ANOVA examining the effects of the fixed factor ‘Habitat type’, ‘Season’, the interaction,
and the random factor ‘Individual’ on the variable Grazing Time, a: without taking into account the availability of the habitat types, b:
with taking into account the availability of the habitat types

df, df2F P
a Habitat 4 33 152.634 <0.001
Season 3 33 0.880 0.462
Habitat*Season 12 33 4.347 <0.001
Individual (Random) significant
b Habitat 4 33 69.149 <0.001
Season 3 33 1739 0.179
Habitat*Season 12 33 2.988 0.006

Individual (Random) significant



Figure 2.9 - Time-budget of the Haflinger horses over the entire year, and in summer, autumn, winter and spring. Percentages are
based on mean time spentper day.
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Figure 2.10 - Habitat use ofthe Haflinger horses over the entire year and in summer, autumn, winter and spring, taking into account
the availability ofthe habitat types. Percentages are based on mean time grazing per day per ha.
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2.3. Habitat use of ponies and cattle foraging together in a coastal dune area
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2.3.1 Abstract

Grazing by large ungulates has been chosen as a management tool in scrub-dominated dune reserves at the Belgian coast.
Due to morphological and physiological differences between cattle and ponies, differences in foraging behaviour and
habitat use are expected, and these may result in a different impact on the spatially heterogeneous and nutrient poor
ecosystem. Grazing behaviour and habitat use of Shetland ponies and Highland cattle, grazing together in a coastal dune
area (60 ha) were investigated at various levels of the foraging hierarchy (habitat, vegetation type, sward height and
diet).

Habitat use overlap is high in all seasons; both cattle and pony spent most of their grazing time in the grass dominated
habitat. However, Shetland ponies concentrated their grazing activity more on the grass dominated habitat than did
cattle. Cattle spent a greater proportion of their grazing activity in woodland and scrub, compared to the ponies. Foraging
activity in woodland and scrub is strongly influenced by season. Within the grass dominated habitat both species
preferred foraging in the grasslands and avoided open vegetation and moss dunes. Within the grasslands, cattle grazed
less on the short swards than did ponies. Both cattle and ponies predominantly foraged on graminoids, though there are
minor differences between both species and between seasons. Browsing of woody plants occurred only by cattle. Where
grazing management has been implemented to maintain dune grasslands and to avoid further invasion by scrub, a
combination of cattle and ponies appears to be adequate (assuming a sufficient animal density). Ponies are suitable for
maintaining grasslands, but they have no impact on invading scrub. Cattle have an impact on scrub development, both by
direct consumption of various shrub species and by opening initially closed scrub.

Keywords: Foraging behaviour; Grazing time; Diet; Habitat overlap; Niche breadth
2.3.2 Introduction

In the late 1990’s different species of domesticated large herbivores were introduced in several dune reserves along the
Belgian coast, to avoid further expansion of dominant grasses and woody plants. Until the beginning of the twentieth
century practically all coastal dunes were grazed for agricultural purposes, but only recently a number of dune areas have
again been designated for management by grazing (Piek, 1998), in the Netherlands as well as in Belgium. However, only
a few studies deal with free-ranging herbivores in this heterogeneous but relatively nutrient poor dune system (Cosyns et
al., 2001; Hoffmann et al., 2001). In addition, there is a lack of information for the management of several species of
large herbivores coexisting in this type of ecosystem. The large herbivores have to deal with a heterogeneous area,
differing spatially and temporally in forage quality, quantity and structure. Free-ranging herbivores have to make many
foraging decisions at different resolution levels (Senft et al., 1987; Stuth, 1991), resulting in a foraging strategy that
meets the large herbivores’ nutrient and energy requirements. Habitat use is an outcome of the foraging strategy of the
herbivores; it is the expression of the way grazing animals resolve the conflict between their need for food and their
intrinsic and extrinsic constraints (lllius & Gordon, 1993). Coexisting ungulates tend to use their environment in
different ways (Gordon, 1989b), resulting in ‘niche differentiation’ or ‘resource partitioning’.

Shetland ponies and Highland cattle, our study animals, differ in many aspects which may result in a differential use of
their environment, and therefore in varying impacts on the vegetation. Digestive system (Bell, 1971; Janis, 1976;
Rittenhouse, 1986), body size (Van Soest, Foose & Robertson, 1983), structure of the incisor arcade (Gordon & lllius,
1988), metabolic requirements (Rittenhouse, 1986) are some of the characteristics differing largely between bovids and
equids. Cattle, being ruminants, and ponies, being hindgut fermenters, extract the nutrients of the consumed food items
in a different way. Cattle digest the cell wall fractions more completely than equids, but achieve a smaller intake rate
because the forage is retained for a longer period in the digestive tract. Equids on the other hand can have higher intake
rates enabling them to reach a high rate of nutrient extraction on a daily basis as well (Rittenhouse, 1986; Duncan et al.,
1990). Hlius & Gordon (1992) reported that the more efficient digestion by ruminants would give them advantage over
the equids, only when food quantity is limited and food intake is restricted. Plant secondary compounds are (partly)
detoxified by the rumen flora of cattle and this might be a more important advantage of cattle compared to equids
(Duncan et al., 1990). Irrespective of the digestive system, smaller animals (e.g. Shetland ponies) have relatively larger



energy requirements than larger animals (e.g. Highland cattle) (Demment & Van Soest, 1985; Illius & Gordon, 1987).
Small animals may be ‘forced’ to select more for quality, while larger animals may be less selective and search for
quantity. In addition, larger herbivores have larger mouth parts and are therefore unable to forage with a high degree of
selectivity compared to smaller herbivores (lllius & Gordon, 1990). Besides these morphological and physiological
differences, both cattle and horses are known generally as bulk feeders, consuming large quantities of forage of low to
medium quality. They preferentially graze in grass-dominated vegetation types (Duncan, 1983; Pratt et al., 1986; Putman
et al., 1987; Gordon, 1989a; Menard et al., 2002) and graminoids form the main part of their diet (Van Dyne et al.,
1980).

The aim of the present study is to determine the differences in grazing behaviour and habitat use of a herd of Shetland
ponies and a group of Highland cattle grazing together in a fenced part (ca. 60 ha) of the ‘Westhoek’ Flemish dune
nature reserve at the Belgian coast. The differences in habitat use of both species are investigated at various foraging
scales. We examine to what extent niche differentiation occurs at the level of (i) the habitat type (grassy habitat, scrub
and woodland), (ii) the vegetation units within the grassy habitat, (iii) the sward height within the preferred vegetation
unit, (iv) the consumed forage classes. Because the Westhoek reserve is a relatively nutrient poor ecosystem (unpubl.
data Cosyns) with a high animal biomass density (compared to near-natural grazing systems in the temperate regions
(WallisDeVries, 1998)), we expect niche differentiation between the ponies and cattle to occur at least at one of these
foraging levels (Pratt et al. 1986; Gordon, 1989a; Menard et al., 2002). If both species forage in the same habitats, we
hypothesize that they select niches with a different species composition and/or sward height. It has been suggested that
cattle are unable to graze very short swards due to their mouth morphology (lllius & Gordon, 1987), thus we expected
the cattle to avoid grazing the short sward heights. We hypothesized that dicotyledons would be more consumed by the
cattle than by the ponies, since cattle are able to detoxify secondary plant compounds (more frequently found in
dicotyledons than in monocotyledons) (Freeland & Janzen, 1974), which is unknown for equids.

2.3.3 Material and Methods

2.3.3.1 Study area and animals

The “Westhoek” nature reserve (total area 340 ha) offers a diverse landscape consisting of a fore dune ridge and two
dune slack zones that are separated by a large mobile dune. “Westhoek-South” (ca. 60 ha), a fenced area in the south of
the “Westhoek” is grazed by 20-29 Shetland ponies and four Highland cattle. The area includes a dune slack zone and an
inner dune ridge. Approximately 41% of this area is covered by more or less closed scrub vegetation: main shrub species
are Hippophae rhamnoides, Ligustrum vulgare, Salix repens, Crataegus monogyna and Prunus spinosa. Woodland
forms another main part of the area (approximately 14%): tree species are Populus tremula, Populus x canadensis,
Populus canescens, Ulmus minor and Alnus glutinosa. The rest of the fenced area is occupied by grassy habitat. Within
the grassy habitat we distinguished the vegetation units ‘grassland’, ‘rough grassland’, ‘grassland with scrub invasion’,
‘rough vegetation” and ‘moss dune and open vegetation’. Dry dune grasslands with Poa pratensis, Avenula pubescens,
Veronica chamaedrys, Galium verum are part of the ‘grassland’ unit, as well as the moist Holcus lanatus grasslands with
small forbs like Prunella vulgaris. The vegetation unit ‘rough grasslands’ is the assembly of species-poor dry grasslands
dominated by Calamagrostis epigejos and wet patches occupied by Juncus subnodulosus whether or not accompanied by
Lysimachia vulgaris, Lythrum salicaria or Mentha aquatica. Due to the encroachment of invasive shrub species some
grassland entities evolved into more scattered grassy patches with young scrub of mainly Hippophae rhamnoides,
Ligustrum vulgare or Salix repens. Rough vegetation is characterized by tall forbs such as Eupatorium cannabinum,
Cirsium arvense, Lythrum salicaria and Iris pseudacorus. Vegetation entities formed by Rosa pimpinellifolia are also
classified as ‘rough vegetation’. Mosses and lichens are the dominant species of moss dunes. Main species of open
vegetation are Carex arenaria, Festucajuncifolia or Ammophila arenaria.

Seven Shetland ponies and two Highland cattle were released, in 1997 and 1998 respectively, as a nature management
measure in “Westhoek-South”. The animals are free-ranging and remain in the area year round. They receive no
additional food. The herds are managed to avoid inbreeding and overgrazing. During the study period (August 2001-
March 2002) the group of Highland cattle consisted of one cow and three bulls (two of them are offspring of the cow).
We have no weight data from this group of cattle, though we have weight data from another group of Highland cattle,
grazing in “Westhoek-North”; mean weight of the cows is 481 +21 kg, mean weight of the bulls is 520 + 43 kg.
Composition of the herd of Shetland ponies changed during the study period. In August 2001 29 ponies grazed in the
reserve: 15 females (10 lactating mares, two non-lactating mares and three fillies) and 14 males (one dominant stallion,
four geldings, two yearlings and seven colts). In October 2001 nine ponies were removed: four lactating mares with their
foals, one non-lactating mare and one gelding. Mean weight of the mares is 205 + 8 kg; mean weight of the stallions is
174 = 9 kg. Animal biomass during the study was high (85-107 kg hal) compared to the range of biomass in near-natural
grazing systems in temperate regions (8-67 kg ha') (WallisDeVries, 1998).

2.3.3.2 Behavioural observations

Observational data were collected through continuous focal animal sampling (Altmann, 1974) from August 2001 until
March 2002. During a six-hour period (daylight, ranging from 5:30h until 22:30h) we continuously monitored the
behaviour of a focal animal, chosen at random from a pool of possible study animals before the start of an observation



session. We recorded, on a protocol form, the start and end time (accuracy: 1s) of the observed behaviours, as well as
the vegetation type and sward height in which the behaviours were performed. When the focal animal was grazing, we
recorded plant species eaten and the number of bites taken (using a mechanical counter). Every 15 minutes the position
of the focal animal was marked on an infrared aerial photograph (1/2000) (EUROSEnNSE, flight date: 1998). Most of the
study animals were habituated to the presence of humans and could be approached closely (1 m) without visible
influence on their behaviour. During each observation period we observed either ponies or cattle, the other species was
observed during the following session. We tried to minimize the time between observations of the two species. On
average there were three days between the six-hour observations of both species. All cattle individuals were included in
the observations, while six adult mares were included in the case of the ponies. Season definition follows the plant
productivity periods in temperate regions, i.e. summer (June - August), autumn (September - November), winter
(December - February) and spring (March - May). For each species 30 observation periods were performed: six in
summer, twelve in autumn, eight in winter and four in spring.

The different vegetation types distinguished in the field were grouped into three habitat types: ‘woodland’, ‘scrub’ and
‘grassy habitat’, with the latter consisting of five vegetation units: ‘grassland’, ‘rough grassland’, ‘grassland with scrub
invasion’, ‘rough vegetation’ and ‘moss dune and open vegetation’ as described above. To determine sward height in the
field we used a scale related to the animal’s physiognomy: ‘no height’ (in case ofno vegetation), ‘shortly grazed’, ‘hoof,
‘knee’, ‘belly’, ‘spine’ and ‘higher’. For the present study we retained only ‘shortly grazed’, ‘hoof and ‘knee and higher’
which corresponds with ‘< 3 cm’, *3-20 cm’ and “> 20 cm’ respectively. All plant species eaten were grouped into four
forage classes: ‘graminoids’ (grasses, sedges and rushes), ‘forbs’, ‘woody plants’ and ‘other’ (including mosses and
ferns, unidentified plant species, soil).

2.3.3.3 Data analysis and statistics

To analyse the differences in grazing behaviour between the two species we investigated the grazing variables
‘proportion of time spent grazing’, ‘number of bites taken’ and ‘bite rate’ (number of bites/ minute grazing). These
grazing variables were calculated per day. We used mixed-models ANOVA to investigate the effects of the fixed factors
Species and Season and the interaction Species*Season on the variation in proportion of time spent grazing, number of
bites and bite rate. We included the factor Season because we expected seasonal differences in the grazing behaviour. In
addition, differences in grazing behaviour may exist between individual animals; therefore we initially included the
random factor ’Individual’ in our ANOVA model. A repeated statement was used to take into account the fact that the
individual animals were sampled more than once. Ifthe random factor was not significant, we excluded it from the final
model. Similarly we eliminated non-significant interactions of the fixed effects from our ANOVA model.

We investigated the feeding niches of the herbivores at different levels. Firstly, how do the herbivores spread their
grazing activity among the three habitat types, i.e. grassy habitat, scrub and woodland? Secondly, when grazing in the
grassy habitat how do they partition their grazing activities among the five distinguished vegetation units (grasslands,
rough grasslands, grasslands with scrub invasion, rough vegetation and open vegetation)? Thirdly, do they graze in
different sward heights when foraging in intensively used vegetation units? Finally, we examined differences in diet
composition. The grazing variables are: ‘proportion of grazing time’, ‘proportion of bites taken’ and ‘bite rate’. To
calculate the proportion of grazing time and the proportion of bites taken in the different habitat types, vegetation units,
sward heights or forage classes we included zero values when on a given observation period an animal did not graze in a
given habitat type (or vegetation unit or sward height or forage class). This is appropriate because we assume that an
animal can graze potentially in all habitat types (or vegetation units or sward heights or forage classes) within a 6 hour
observation period. We did not include zero values for the calculation of bite rate in the different habitat types (or
vegetation units or sward heights). Consequently, we examined the effective bite rate. The variation in the three grazing
variables was examined with a mixed-model ANOVA. Fixed factors were Habitat (or Vegetation unit or Height or
Forage Class), Species, Season and all their interactions. Again the random factor Individual was included in the model,
as well as the repeated statement.

The positional data collected every 15 minutes during a six hour period made it possible to calculate the cumulative
distance travelled per observation session. We analysed whether this travel distance was different between both species
and among seasons, using an ANOVA-model.

Data which are proportions were arcsine transformed; other data were logarithmically transformed. Analyses of variance
were performed using SAS System V8. Number of degrees of freedom was estimated by the Satterthwaite-method. The
positional field data were digitalised and processed with ArcView GIS 3.2a.

To quantify habitat preference, we used Jacobs’ (1974) index of selection that takes into account the availability of the
different habitat types:

D, = (p; - A)I(( pi + Aj) - (2* Pi*AD)

with pi the mean proportion of the total grazing time spent in the ;th habitat type and At the proportion of the area
covered by the rth habitat type. The value of D ranges from -1 to +1, with negative and positive values indicating
avoidance and selection of the habitat type, respectively.

We also quantified habitat niche breadth and habitat overlap to estimate the width of habitat use and the intensity of
habitat overlap, respectively. As the niche breadth index we applied Simpson’s diversity index (D= 1/ X p,2) (Begon,



Harper & Townsend, 1996), which was originally employed to measure the species diversity of a system and was used
by Menard et al. (2002) to reflect how “diverse” the habitat use of the herbivore species was. We chose Kulczinski’s
index (ahc) (Oosting, 1956) to measure niche overlap. ahc= X min( pip, plc) where pipand picare the proportions of the
grazing time that ponies and cattle, respectively, spent in the rth habitat type (or vegetation unit or sward height). We
also employed these indices to examine forage niche breadth and forage use overlap, with pj being the proportion of the
total number of bites taken in the /th forage class.

2.3.4 Results

2.3.4.1 Grazing behaviour of cattle and ponies

The proportion of time spent on grazing was significantly affected by the factors Species (F,;S2 = 30.55; P < 0.001) and
Season (F348= 3.75; P = 0.017). Ponies spent more time grazing than cattle (Table 2.12). Both species had significantly
longer grazing times in winter than in summer. The number of bites taken was different between species (/",78s = 15.32;
P <0.001), but not between seasons. Ponies took significantly more bites than cattle. Ponies and cattle had similar bite
rates, but in both species the bite rate was influenced by Season (Fj 475 = 3.61; P = 0.020). Both herbivores had a
significantly higher bite rate in spring as compared to winter. The interaction between species and season was not
significant for the three variables. Some of the variation in the proportion of time spent on grazing could be explained by
the variation between individual animals within species (i.e. the random factor).

2.3.4.2 Habitat use

Selecting between grassy habitat, scrub and woodland

Both species divided their grazing time and their bites disproportionately among the different habitat types, as the
variables ‘proportion of grazing time’ and ‘proportion of bites’ were significantly affected by Habitat (Table 2.13). In
addition, the interactions Habitat*Species and Habitat*Season were significant. Both species spent most of their foraging
activity in the grassy habitat, although the interaction Habitat*Species shows that there existed a difference between both
species. Ponies spent a bigger proportion of their grazing time in grassy habitat than cattle (grassy: P (ponies): 79%, C
(cattle): 55%), while the cattle spent a bigger proportion of their grazing time in both scrub and woodland compared to
the ponies (scrub: P: 12%, C: 26%; woodland: P: 9%, C: 19%). The same trend is found for the proportion of bites taken
in the three habitat types (grassy: P: 82%, C: 62%; scrub: P: 10%, C: 22%; woodland: P: 8%, C: 16%). The interaction
Habitat*Season indicates that the habitat use changed throughout the year (fig. 2.11). In all seasons the grassy habitat
was an intensively foraged habitat, but seasonal shifts were notable for scrub and woodland. In autumn and especially in
winter, scrub was grazed often by both species, while it was the least grazed habitat type during spring. Woodland
belonged to the most grazed habitat types in spring (cattle even foraged more intensively in woodland than in grassy
habitat in spring), while it was much less grazed in the other seasons.

Calculating the Jacobs’ index for selection, which takes into account the availability of the different habitat types, shows
us whether the habitat types/vegetation units were selected or avoided (Table 2.14). Throughout the year, woodland was
preferred by cattle and avoided by ponies. However, calculated by season, woodland was only preferred in spring. Scrub
covers a large area of the nature reserve (41%) and although scrub was grazed intensively in winter, we could not
conclude that it was a preferred habitat in winter.

We examined the effective bite rate per habitat type and found a significant effect of the main factors Species, Habitat
and Season and of the interaction Habitat*Species (Table 2.13). Both species had similar bite rates when foraging in
grassy habitat, but ponies grazed faster than cattle in scrub and woodland.

Selecting vegetation units within the grassy habitat

Both species concentrated their foraging in the grassy habitat, though it was possible that they divided their foraging
activity differently over the distinguished vegetation units within this habitat type. The results of ANOVA show that the
factor Vegetation Unit (F4 Ig6= 12.45; P < 0.001) and the interaction Vegetation Unit*Season (F!2 iss = 3.94; P < 0.001)
had significant effects on the proportion of grazing time. Similar results were found for the analysis on the variable
‘proportion of bites’: significant effect of Vegetation Unit (F4 Ig4 = 13.52; P < 0.001) and significant interaction
Vegetation Unit*Season (F12 is? = 3.50; P < 0.001). fig. 2.12. illustrates the proportion of grazing time spent in the five
vegetation units when grazing in grassy habitat, averaged over the four seasons. Both species divided their grazing
activity not uniformly over the five vegetation units. Slight differences between both species are visible, but these are not
significant. This habitat use was also variable over the seasonsl. In all seasons the grasslands were grazed intensively.
Other vegetation units were more or less foraged depending on the season. For example, rough grasslands were almost
not grazed in winter and spring, but were grazed in summer and autumn, which is also reflected in the Jacobs’ index of
selection (Table 2.14). The opposite trend is visible for open vegetation and moss dunes, although this vegetation type
was never a ‘preferred’ vegetation.

1See Figure 2.15



The bite rate was significantly affected by the factors Vegetation Unit (F4 H3 =2.97; P = 0.022) and Season (F3>906 =
4.95; P =0.003) and by the interaction Vegetation Unit*Season (F)2 |2« = 2.23; P = 0.016). Thus, the bite rate depended
on the grazed vegetation unit, with in general highest bite rates in grassland and in rough vegetation. The significant
interaction however illustrates that this varied among seasons. The trends were similar for both species.

Foraging in commonly used vegetation units

When the two species foraged in the same vegetation units, it was possible that they differentiated their resource use by
exploiting different sward heights. We investigated this in grassland, a vegetation unit which was highly preferred by
both cattle and ponies (fig. 2.12; Table 2.14). The results of the ANOVA (Table 2.15) show that the proportion of the
grazing time was significantly affected by the factor Height, indicating that grazing time was not divided uniformly over
the different sward height categories. Moreover the pattern was influenced by Species and by Seasons, as demonstrated
by the significant interactions Height*Species and Height*Season. Throughout the year, when grazing in grassland, both
species spent very little time grazing in swards of more than 20 cm, as compared to the shorter swards. Nevertheless,
there is a clear seasonal influence, as in summer the swards of more than 20 cm are grazed in a similar proportion as the
swards of less than 3 cm. The significant interaction Height*Species shows that both species used the different sward
heights in a different way. Ponies spent similar proportions of their grazing time in swards of less than 3 cm and in
swards of 3-20 cm, while cattle spent more time grazing in swards of 3-20 cm, than in swards of less than 3 cm (Fig.
2.13). We found the same results when we considered the variable ‘proportion of bites’ (Table 2.15).

When grazing in grassland cattle achieved a higher bite rate than ponies (40 bites/min and 31 bites/min respectively), as
indicated by the significant effect of the factor Species on ‘bite rate’ (Table 2.15). There were also significant effects of
the factors Height and Season, and of the interaction Height*Season. Overall, the herbivores had highest bite rate when
grazing in a sward of less than 3 cm, but this was variable among seasons.

2.3.4.3 Diet Composition

Table 2.16 shows the plant species from which more than 500 bites were taken during the 30 sessions of six observation
hours per herbivore species. It is obvious that both cattle and ponies foraged mainly on graminoids. The total diet of
cattle consisted of at least 10 species of graminoids, 23 species of forbs and 17 woody plant species; that of the ponies
consisted of at least 15 species of graminoids, 41 species of forbs and 9 species of woody plants. The number of
graminoids species is probably underestimated, because the ‘mix of graminoids’ supposedly contains additional species
such as small Poa species. We investigated the differences in diet composition of cattle and ponies at several levels.

First, we considered the variation in the ‘overall’ diet composition, consumed over the total area. The proportion of bites
was significantly different between Forage classes (F2>)6o= 480.44; P <0.001). In addition, the pattern is influenced by
Species and Season as shown by the significant interactions Species*Class (F2 |ss = 15.42; P <0.001) and Season*Class
("6, 10 = 4.89; P < 0.001). In all seasons the graminoids were the main component of both the cattle’s and the ponies’
diet (Table 2.17). The contribution of forbs and woody plants to the diet varied among seasons, for example in spring,
both cattle and ponies incorporated a considerable proportion of forbs in their diet. Woody plants were only consumed
by cattle.

Secondly, diet composition depended on the foraged habitat type or vegetation unit. In Table 2.17 diet composition of
cattle and ponies when foraging in all distinguished habitat types and vegetation units is presented. It is not surprising
that woody species were not present in the diet of the grazers when they were foraging in grassland. We investigated the
diet composition of both species when they foraged in the grasslands with scrub invasion. In this habitat there exists a
potential to increase the proportion of woody plants in the diet. The factor Class (F2i20 = 835.38; P < 0.001) and the
interaction Species*Class (F2120 = 6.61; P = 0.002) had a significant effect on the proportion of bites per forage class.
When foraging in grasslands with scrub invasion, the cattle increased the proportion of woody plants and forbs in their
diet compared with their diet in grasslands, but graminoids remained by far the most important forage class of the diet.
Ponies did not change their diet composition in the grassland-scrub mixture compared to the diet in grasslands.

Finally, we examined how the diet composition differed between both species when they were foraging in scrub in
autumn, the season in which both species foraged a lot in scrub. The proportion of bites was influenced by the factor
Class (F4 4is = 70.32; P < 0.001) and by the interaction Species*Class (FXs.3 = 28.79; P < 0.001). In general,
graminoids were still the main component of the diet, for the ponies (98.6%) as well as for the cattle (64.8%). However,
there was a remarkable difference between both species. The cattle increased the proportion of forbs (13.1%) and
especially woody plants (22.1%) in their diet. By contrast, the ponies foraging in scrub in autumn only rarely consumed
woody plants (0.3%) and forbs (1.1.%).

2.3.4.4 Niche breadth and niche overlap

Over the whole year cattle and ponies had a similar habitat niche breadth (4.80 and 4.91 respectively). Ponies had highest
habitat niche breadth in spring and lowest in summer (Su: 3.01; Au: 3.29; Wi: 3.57; Sp: 4.57). Cattle had highest habitat
niche breadth in summer and lowest in winter and spring (Su: 5.35; Au: 3.57; Wi: 2.71; Sp: 2.84).

We found that the cumulative distance travelled over the six hour observation period was similar for the two species
(cattle: 590 + 50 m; ponies: 630 + 31 m) and was not significantly different between seasons.



The high abundance of graminoids in the diet of both herbivore species is also reflected in the niche breadth index based
on forage use. Both species had rather low forage niche breadth indices, with cattle having a bit higher niche breadth
than ponies (1.40 and 1.19 respectively). Cattle and ponies had highest forage niche breadth in winter and spring
respectively, both had lowest forage niche breadth in autumn.

Table 2.18 presents the habitat use and forage use overlap indices. Seasonal variation in habitat overlap depended on the
level of spatial organisation considered, but was overall high. The cattle and ponies had highest habitat overlap in
autumn both when choosing between grassy habitat, scrub and woodland and when choosing the vegetation units within
the grassy habitat. Contrarily, in autumn they showed lowest habitat overlap within the grassland, when choosing
between the different sward heights. Considering all the bites taken in the total area forage use overlap is very high. Also
when grazing in the grassy habitat both cattle and ponies foraged the same forage classes. Calculating the forage use
overlap in each vegetation unit within the grassy habitat gives again very high overlap values. A bit lower values are
found for the forage use overlap within scrub and within woodland.

2.3.5 Discussion

2.3.5.1 Grazing behaviour

Ponies spent a lot more time on foraging than cattle, which corresponds with the findings of previous studies (Arnold &
Dudzinski, 1978; Arnold, 1984; Menard et al., 2002). During a six-hour period ponies spent, on average, two hours more
on grazing than did cattle and they did so in every season. Throughout the year the ponies in the Westhoek achieved long
grazing times (70.7% of their time). These long grazing times are not extremes but are situated around the upper limit
when compared with other studies. Jarrige & Martin-Rosset (1987) reported that feral horses spend 50-73% of their time
on grazing during daylight. Przewalski horses in a nature reserve in the Mongolian steppes were only grazing an average
of 49% of the daytime (van Dierendonck et al., 1996). Duncan (1985) concluded that feeding of Camargue horses
generally occupies 50-70% of a whole day. Grazing times of the cattle in the Westhoek (38.4% of their time) are in the
range reported in other studies. Cattle free ranging in the Camargue grazed for 36-48% of their time (Menard et al,,
2002). Arnold & Dudzinski (1978) reported that cattle were grazing for 32-40% of their time.

During the summer both herbivores spent less time grazing, while in winter feeding time reached higher levels. Cattle
increased grazing time in winter by 52% compared to summer and ponies increased grazing time by 14%. This increased
grazing activity in winter is well known for horses (Duncan, 1983; Duncan, 1985; van Dierendonck et al., 1996; Berger
et al.,, 1999; Cosyns et al., 2001; Menard et al., 2002), and has also been reported for cattle (Arnold & Dudzinski, 1978;
Pratt et al. 1986; Menard et al., 2002). However, other studies (van Wieren, 1992; Vulink et al., 2001) reported minimum
grazing activities of cattle in mid-summer and mid-winter. Two contrasting mechanisms may play a role. When less
forage is available intake rate is reduced and compensation may occur by an increased grazing time. Contrarily, the more
fibrous food in winter can result in a faster rumen-fill effect and so in a decreased grazing time. Additionally, it has been
suggested that cattle have a reduced metabolic rate in winter and that they are subject to an endogenous physiological
rhythm resulting in a seasonal variation in voluntary food intake. Voluntary food intake would be lowest in winter (see
van Wieren, 1992). The cattle in Westhoek had a very low bite rate in winter, which may be the result of the decreased
forage availability. The increased daily grazing time may then be a compensation for the low bite rate.

With similar mean bite rates for both herbivore species (cattle: 29 bites/min; ponies: 31 bites/min) the ponies achieved a
much greater number of bites over the 6 hour period due to their longer grazing times. Averaged by season, bite rate and
number of bites were highest in spring, when plant growth starts and provides the herbivores with high quality forage.

2.3.5.2 Habitat use

Throughout the year, cattle and ponies foraged in all the available habitat types, though their foraging activities were not
distributed over the various habitats according to the availability of these habitats. Grassy habitat was preferred by both
cattle and ponies, while scrub was avoided (according to the Jacobs’ selectivity index (1974)). Within the grassy habitat,
the grasslands and grasslands with scrub invasion were preferred, rough grasslands were only preferred by ponies, rough
vegetation was nor preferred nor avoided and moss dunes and open vegetation were avoided. In diverse ecosystems
where habitat use of large herbivores has been studied, the same preference for grasslands is found (Camargue: Duncan,
1983; Menard et al., 2002; New Forest: Pratt et al., 1986; Putman et al., 1987; Rhum: Gordon, 1989a). In addition,
habitat use was clearly influenced by seasonal characteristics. As expected, grasslands were less favoured in winter and
grazing activity was then partly transferred to other habitat types. However, the ponies in the Westhoek, like the New
Forest ponies (Pratt et al., 1986), maintained high grazing times in grasslands during winter. In summer the scrub habitat
was grazed only by cattle, but in autumn and winter cattle as well as ponies increased their foraging time in scrub. In
spring both cattle and ponies foraged a lot in woodland, it was even a preferred habitat then. The lower plant productivity
of the grasslands during the non-growing season is the most probable reason for the observed shift in habitat use
(Gordon, 1989b; Gordon & Illius, 1989). In addition, some forbs such as Claytonia perfoliata (locally an important
component of the scrub and woodland undergrowth) offer green biomass of high quality during winter and spring and
‘attract’ the grazers towards scrub and woodland.



Although grassy habitat was grazed intensively by both cattle and ponies, the Shetland ponies concentrated their grazing
time more on the grass-dominated habitats than did the cattle. Throughout the year the cattle spent a greater proportion of
their grazing time in scrub and woodland as compared to the ponies (cattle: 45%; ponies: 21%). In the Camargue study
of Menard et al. (2002) there was no habitat type dominated by shrubs or trees, but the coarse grasslands with shrubs and
the salt flats with woody plant species were grazed more by the cattle than by the horses.

Although cattle and ponies in the Westhoek had similar averaged bite rates, this is not true in all habitat types. Ponies
maintained a more or less constant bite rate in the various vegetation units, unlike the cattle with a decreased bite rate in
scrub and woodland. In grassland, rough grassland and rough vegetation cattle grazed faster than ponies. Factors like
searching time, handling time and mastication time determine the bite rate (Spalinger & Hobbs, 1992). For example, a
decreased bite rate can be the result of an increased searching time, because of less available food items, or an increased
browsing activity. In Fig. 2.14 we show the relationship between the cattle’s bite rate in a habitat type/vegetation unit
and the proportion of woody plant species in the cattle’s diet consumed in that habitat type/vegetation unit. An increased
browsing activity certainly explains the decreased bite rate of cattle when foraging in scrub.

In the grasslands, intensely grazed by both herbivores, there was a differentiation in the sward heights used by the two
ungulates. In the grasslands the ponies took 46% of their bites from very short swards and 51% from swards of 3-20 cm.
In contrast, cattle took only 24% of their bites from short swards and 71% from swards of 3-20 cm. The values do not
indicate any preference or avoidance as we have no data about the availability of the different sward heights. As
expected the cattle grazed less in the short swards than the ponies, which was also concluded in the study of Menard et
al. (2002). Contrary to the cattle in the New Forest (Putman, 1996) and on the Isle of Rhum (Gordon & lllius, 1989) the
cattle in the Westhoek did not abandon the very short grasslands in winter, although the grasslands in general were
grazed less by the cattle in winter. It should be noted though that grasslands with very short sward height are not
concentrated in the study area in large patches as is the case in the New Forest and the Isle of Rhum sites but are in a
small-scaled mosaic with the other sward heights. The smaller proportion of bites taken by cattle in the short swards is
the result of the smaller proportion of grazing time spent on the short swards, and not of a lower bite rate. In contrast,
cattle achieved a similar bite rate on short swards as ponies (41 bites/min and 39 bites/min respectively). It is often
suggested that bovids are morphologically constrained to graze on short swards because of the lack of the upper incisors
(Illius & Gordon, 1987). However, in the Westhoek the cattle maintained a high bite rate on swards with a height of less
than 3 cm. A high bite rate might be an indication that the cattle had no morphological problem to graze this sward
height. Though, it is probable that the constraint may rise on swards from less then 2 or 1 cm. Furthermore, it is possible
that when grazing the short swards the bite mass of cattle is much smaller than the bite mass of ponies due to mouth
morphology. As a consequence cattle might be restricted in their effort to consume enough biomass on the short swards
to fulfil their nutritional needs. Areas of the grasslands are maintained very short by the grazing activity of the ponies,
providing themselves in such a way of high quality vegetation where only the ponies are able to obtain enough biomass.
In addition, when the herbivores grazed on swards of 3-20 cm, the ponies had a bite rate of 29 bites/min, while cattle
reach a level of 39 bites/min. Thus, while short swards can be a constraint for cattle (too little biomass), higher swards
might be a constraint for horses. Although the higher swards will provide forage of a lower quality, compared to the
shorter swards (Van Soest, 1982; WallisDeVries and Daleboudt, 1994), these grassland patches of 3-20 cm height still
provide forage of good quality. In addition, the herbivores are able to achieve enough ‘bulk’ food in a short time in the
higher swards. Within the grassland the sward heights of more than 20 cm were rarely grazed by cattle or ponies. Patches
of this height probably contain high levels of senescent plant material and the quality of grasses declines fast to low
levels with advancing maturity (Cook, 1972). Studies of patch selection by cattle within grassland reported that cattle
preferred short vegetative patches (<7-8cm) although they could have achieved greater intake rates on taller mature
patches (WallisDeVries & Daleboudt, 1994; Ginane, Petit & D’Hour, 2003).

2.3.5.3 Diet composition

Horses are considered as true grazers that feed predominantly on grasses (Van Dyne et al., 1980; Putman et al., 1987;
Duncan, 1992; Hoffmann et al., 2001; Cosyns et al., 2001; Vulink, 2001), which is confirmed in this study as well.
Although the contribution of forbs and woody plants to the diet was higher for cattle than for ponies, the cattle in the
Westhoek should also be considered as true grazers. There was a high dietary overlap throughout the year in our study,
which is in line with other studies (Olsen & Hansen, 1977; Krysl et al., 1984; Vulink, 2001; Menard et al., 2002). Forbs
are consumed considerably more in spring compared to the other seasons by both cattle and ponies, resulting in a slightly
decreased importance of graminoids during that season. Browsing of woody plants occurred by cattle but not by ponies,
with highest browsing intensity in summer which is rather surprising. Despite the higher proportion of woody plants in
the cattle’s diet in summer, highest absolute number of bites from woody plants was taken in winter and autumn, because
of the increased grazing time in winter and autumn compared to summer. In the preferred grasslands both herbivore
species concentrated almost totally on graminoids, though in the grasslands with scrub invasion the cattle increased the
proportion of woody plants in their diet. Overall, the cattle consumed a higher proportion of dicotyledons than the
ponies, as we hypothesized since cattle are able to detoxify plant secondary compounds, commoner in dicotyledons than
in monocotyledons.



In the Westhoek grazing management has been implemented to maintain (or upgrade) the species-rich grasslands and to
avoid the further encroachment of the dense scrub layer which already covers almost half of the area. Conservation
management concentrates on the prevention of the further expansion of dominant grasses and shrub species, such as
Calamagrostis epigejos, Arrhenatherum elatius, Holcus lanatus, Hippophae rhamnoides, Salix repens and Ligustrum
vulgare. The domesticated grazers are expected to act as selective ‘mowing machines’ and nature management hopes
that the domestic grazers consume those species that managment would like to be seen diminished. Horses need to
consume more dry matter per kilogram bodyweight than cattle to fulfil their nutritional requirements (Menard et al.,
2002). In that sense, a pony of a given weight is a better ‘mowing machine’than a cow of similar weight, because it ‘cuts
down’ more vegetation. Using the data of Menard et al. (2002) one Highland cow of 481 kg consumes a similar quantity
of dry matter as does one Shetland pony of 205 kg (4.7-12.2 and 5.5-11.6 kg dry matter per day respectively).
Differences in removal of vegetation biomass will depend on the differences in diet composition. The ponies consume
predominantly graminoids and they are better able to graze the vegetation close to the ground, than the cattle.
Throughout the year, ponies spent 79% of their grazing time in the grass-dominated vegetation units and are thus very
suitable to maintain grassland habitats. However, the ponies do not browse and consequently have no impact on the
scrub invasion into the grasslands. Cattle perform browsing activity, varying with season and foraged vegetation unit. In
contrast to ponies, while foraging in the grasslands with scrub invasion the cattle did not only consume graminoids, but
also browsed on shrubs (e.g. Salix repens, Hippophae rhamnoides and Ligustrum vulgare). In addition, the cattle grazed
less in the grassy habitats than the ponies, but spent up to 30% of their grazing time in scrub. Thus, the cattle have a
potential impact on scrub vegetation, not only by the direct consumption, but also by opening the closed scrub layer due
to their movements. As a consequence of their large body size and their wide horns the cattle open the scrub layer. It has
been observed that individual shrubs were partly damaged when the cattle moved through the scrub layer. The cattle’s
use of scrub opened up this very dense vegetation and subsequently the ponies made use of these gaps to forage on
graminoids in the scrub. We hypothesize that if the ponies would be the only herbivores in the reserve, foraging in scrub
would occur far less frequently, because the ponies avoid moving through densely closed vegetation structure. Foraging
in scrub vegetation is likely to make this vegetation type less vital and will create gaps, important for the establishment
of other plant species.

Another implication for nature management is that the cattle foraged more in the entire reserve than the ponies. Our map
with locations shows that habitat use on the landscape level (Senft et al.1987) is broader for cattle than for ponies. One
central grass-dominated entity in the Westhoek counted 27.8% of the cattle locations and 54.3% of the pony locations.
Thus, the impact of grazing by ponies is more concentrated, while other areas receive consequently no or less grazing
impact by the ponies. Similarly, Vulink (2001) found that Konik horses concentrated on the short grasslands for most of
the year and cattle foraged more over the entire area (Oostvaardersplassen in the Netherlands).

As a management tool, a combination of cattle and ponies seems to be adequate for the objectives of the nature
management (see also Loucougaray, Bonis & Bouzillé, 2004). However, with only four cattle grazing in the reserve, a
further increase of invasive shrub species will probably not be halted on the long run.

Acknowledgements

We would like to thank AMINAL (Environment, Nature, Land and Water Administration), Division Nature, for the
permission to conduct the research in the Flemish nature reserve “Westhoek”. During the period Oct. 1999 - Oct. 2003
Indra Lamoot had a grant supplied by FWO Flanders (Foundation of scientific research - Flanders). The design of the
Access database is realised with the contribution of Stijn Vanacker and Gert Van Spaendonk. For the calculation of the
availability of the different habitat types and vegetation units we made use of the vegetation map made up by Marc Leten
and updated by Andy Goerlandt. We are grateful to Prof. Luc Lens for comments on the manuscript drafts. Finally, the
paper improved by the constructive comments of Patrick Duncan and an anonymous referee.



Table 2.12 - Grazing behaviour of cattle and ponies throughout the year and in the different seasons. Mean values per six hour period
+ SE. % of time: proportion of time spent on grazing.

Cattle

Ponies

year

Summer
Autumn
Winter
Spring

year

Summer
Autumn
Winter
Spring

% of time
38.4+58
30.2+54
379+2.1
46.2 + 6.6
39.2+93
70.7 £5.2
65.9 £7.7
69.3 £2.8
75.1 £3.2
72.6 £7.1

Bites
4215+ 1096
3404 + 887
4310 +498
4015 + 1155
5130 + 1842
8031 £755
6570 £813
7330 £482
7489 + 735
10733 +990

Bite rate
29.2 £4.6
30.5 £5.2
31.6 + 3.3
21.9 +4.4
32.7+5.4
315+20
27.7+ 18
295+ 17
275+ 22
41.2+2.2

Table 2.13 - Results of the ANOVA-model examining the effects of the factors Habitat, Species and Season on the variables
‘proportion of grazing time’, ‘proportion of bites” and ‘bite rate’. Non-significant 3-way and 2-way interactions were eliminated from
the final model.

Species
Season
Habitat

Species*Season
Species*Habitat
Habitat*Season

Species*Habitat*Season

CONWN WS

Grazing time

df,

85.3

101
156

157
156

E
0.01
0.25

92.72

11.25
11.47

0.913
0.862
<0.001
n.s.
<0.001
<0.001
n.s.

Table 2.14 - Jacobs’ index of selection for cattle (C) and ponies (P).
No selection (0): -0.08 < Index < 0.08. Avoidance (-): -0.4 < index < -0.08. Strong avoidance (--): index < -0.4. Preference (+): 0.08 <
index < 0.4. Strong preference (++): index > 0.4. Open + Moss: open vegetation & moss dunes; Grassland/Scrub: grassland with scrub
invasion

Vegetation

Grassland

Open + Moss
Rough grassland
Grassland/Scrub
Rough vegetation
Scrub

Woodland

Area

9%
11 %
8 %
7%
9%
41 %
14%

year

++

o+

+

Summer
C

++
++
++

0

0

Bites

df2 F
7.53 0.00
97.2 0.15
27.6  97.25
21.8 6.42
136 11.03

0.979
0.929
<0.001
n.s.
<0.001
<0.001
n.s.

Autumn Winter
C P C

++ ++ o+

+ + -

+ ++  ++

0 0 -

- - 0

Bite Rate

df2
53.2
61.3
79.5

79.5

10.50
4.35
23.61

23.61

Spring

C
++

0.002
0.008
<0.001
n.s.
<0.001
n.s.
n.s.



Table 2.15 - Results of the ANOVA-model examining the effects of the factors Height, Species and Season on the variables
‘proportion of grazing time’, ‘proportion of bites” and ‘bite rate’, when the grazers were foraging in grasslands. Non-significant 3-way

and 2-way interactions were eliminated from the final model.

Species
Season
Height

Species* Season
Species*Height
Height* Season
Species*Height*Season

ODONWNWRQ
:h

Grazing time

df2 F
58.6 0.02
66.3 0.06
117 27.63
128 9.02
124 5.62

Bites
P df2 F
0.895 57.6 0.00
0.983 65.4 0.05
<0.001 116 26.58
n.s.
<0.001 128 10.37
<0.001 124 4.84
n.s.

P
0.953
0.985
<0.001
n.s.
<0.001
<0.001
n.s.

Bite Rate

df2 F
324 6.7
55.4 8.02
73.2 11.12
71.3 4.59

P
0.014
<0.001
<0.001
n.s.
n.s.
<0.001
n.s.

Table 2.16 - Plant species from which more than 500 bites were taken during the 30 sessions of six hour periods for both cattle and
ponies. Class: G: graminoids; F: forbs; W: woody plants, ‘mix of graminoids’ and ‘mix of forbs’ was used to register a bite which
contained several graminoid or herb species, difficult to identify on the species level, for example when the herbivores were grazing in
short sward heights.

Highland cattle

Plant species

mix of graminoids
Carex arenaria

Juncus subnodulosus
Rubus caesius

Holcus lanatus
Claytonia perfoliata
Urtica dioica

Salix repens

Rosa pimpinellifolia
Calamagrostis epigejos
mix of forbs

Carex riparia
Hippophae rhamnoides
Prunus spinosa
Clematis vitalba

%Bites
79,31
2.83
2.00
1,83
1.60
153
151
132
0,91
0.89
0,73
0,72
0.62
0.62
0,54

Class

SSSOTOSSESTTOTO®O

Shetland ponies
Plant species

mix of graminoids
Carex arenaria
Holcus lanatus
Claytonia perfoliata
Scirpus setaceus
Carex riparia
Agrostis stolonifera

Calamagrostis epigejos

Juncus subnodulosus
mix of forbs

Rubus caesius

Poa trivialis
Stellaria media
Urtica dioica

Class

TTOTTOOOOOTOO

% Bites
74,36

5,78
3,94
3.82
3,22
1,30
117
114
114
0.6

0,49
0.48
0.47
0,25



Table 2.17 - Diet composition of the cattle and ponies when foraging in the total area (level 1), the three habitat types (level 2) and the
five vegetation units (level 3), averaged over the four seasons. %G: proportion of bites taken from graminoids. %F: proportion of bites
taken from forbs. %W: proportion of bites taken from woody plants.

Foraging level Cattle Ponies
%G %F %W %G %F %W
1 Total area 87 8 5 92 8 0
2 Grassy habitat 95 2 3 95 5 0
Scrub 73 6 21 96 4 0
Woodland 59 27 14 72 28 0
3 Open vegetation & moss dunes 65 27 8 81 19 0
Grasslands 99 1 0 97 3 0
Grasslands with scrub invasion 92 3 5 97 3 0
Rough grasslands 96 0 4 99 1 0
Rough vegetation 94 1 5 93 4 3

Table 2.18 - Habitat use and Forage use overlap between cattle and ponies (Kulczinski’s index).

Habitat use overlap was calculated at three levels. Level 1: Overlap in the use of the three habitat types: grassy habitat, scrub and
woodland. Level 2: Overlap in the use of the five vegetation units within the grassy habitat: open vegetation, grasslands, rough
grasslands, grassland with shrub invasion and rough vegetation. Level 3: Overlap in the use of the three sward heights within the
grasslands: <3 ¢cm, 3-20 cm and >20 cm. Forage use overlap was calculated within the total area, the three habitat types and the five
vegetation units within the grassy habitat, a: both cattle and pony did not forage in open vegetation in summer, b: cattle did not forage
in rough grassland in winter.

Habitat use overlap Summer Autumn Winter Spring

Level 1 0.78 0.87 0.81 0.83
Level 2 0.70 0.96 0.72 0.67
Level 3 0.83 0.71 091 0.76
Forage use overlap Summer Autumn Winter Spring
1 Total area 0.93 0.92 0.94 0.98
2 Grassy habitat 0.95 0.98 0.96 0.92
Scrub 0.81 0.66 0.89 0.69
Woodland 0.71 0.63 0.64 0.84
3 Open vegetation a 0.98 0.80 0.71
Grasslands 0.97 0.99 0.96 0.97
Rough grasslands 0.90 0.98 b 1.00

Grassland with shrub  0.94 0.94 0.86 0.96
Rough vegetation 0.96 0.96 0.91 0.99
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Figure 2.13 - Proportion ofthe grazing time, whenforaging in grasslands, spent in the different sward heights.
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Figure 2.14 - Relation between the percentage browse in the cattle’s diet and the bite rate whenforaging in the different habitat types.
G: grasslands; rG: rough grasslands; R: rough vegetation; G/S: grasslands with scrub invasion; IV: woodland; 0: open

vegetation and moss dunes; S; scrub
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241 Abstract

A small herd of donkeys was introduced in a coastal dune reserve ‘Houtsaegerduinen’ (ca 80 ha) in Belgium, in order to
slow down expansion of dominant grass and shrub species. The Houtsaegerduinen is a nutrient poor, scrub-dominated
dune system with a spatially heterogeneous vegetation pattern. Different aspects of the grazing behaviour (grazing time,
bite rate, habitat use, diet composition) of the free-ranging donkeys are described and analysed. Behavioural data (of
max. six adult mares) were collected through continuous focal animal observation in three consecutive years (1998-
2001). Temporal variation in grazing time, habitat use and diet composition was determined.

During daylight, donkeys spent most of their time on grazing (56%). In all three years, grazing time was significantly
shorter in summer (45% of their time), longest grazing times were achieved in spring (64%). In spring, the donkeys also
achieved the highest bite rate (21.5 bites/min). The grassy habitat was preferred for foraging in all seasons, while the use
of scrub and woodland was variable over time. Averaged over the four seasons, the general diet consisted for 80% of
graminoids, 10% of forbs and 10% of woody plants. However, diet composition varied not only among seasons and
years, but depended also on the foraged habitat type. More time is needed to evaluate the impact of the donkeys on the
vegetation, though some plant species seem to be hampered by the donkeys. Calamagrostis epigejos, vulnerable to
grazing, is a main component of the donkeys’ diet. Grassland dominated by C. epigejos start to develop into less
monospecific grasslands. Ligustrum vulgare is browsed intensively from autumn till spring and becomes less vital when
growing in accessible places. Donkey grazing will not avoid further encroachment of Hippophae rhamnoids, since it is
rarely consumed by the donkeys.

Key words: grazing behaviour; habitat use; donkey; equid; diet composition

2.4.2 Introduction

Until the beginning of the twentieth century practically all coastal dunes in Belgium were grazed for agricultural
purposes. After several decades of abandonment, a number of dune areas are grazed again, but now for reasons of nature
management (Provoost et al. 2002). In the late 1990’s different species of domesticated large herbivores were introduced
in several dune reserves in order to avoid further expansion of dominant, highly competitive grass and shrub species.
However, little knowledge was available on the ability of the herbivores to fulfil the management objectives as well as
on the ability of the herbivores to cope with this low productive, scrub-dominated ecosystem. Therefore, it was decided
to introduce different herbivore species in order to be able to evaluate which species can cope with this environment
without problems, and secondly, which species can fulfil the management objectives best. Donkeys, Shetland ponies,
Konik horses and Highland cattle were introduced in different dune areas.

The donkey is not the most commonly used herbivore species in nature reserves in West Europe. Nonetheless, the
donkey was chosen as one of the herbivore species for several reasons. The feral donkey (Equus asinus) originates from
an arid, low productive environment (Bauer et al., 1994) and was therefore assumed to be suitable to graze in a nutrient
poor and dry dune ecosystem. Compared with other equids, donkeys are expected to cope more easily with adverse
nutritive conditions due to a higher digestion efficiency (lzraely et al., 1989; Cuddeford et al. 1995). Additionally, it was
expected that donkeys would browse more than other equids. Moehlman (1998a) reported that the donkey has the
dentition for grazing, though it also appears to have special adaptations for browsing. The donkey has a very mobile
upper lip and is able to curl it around the thorniest vegetation.

The general aim of the present study is to describe different aspects of the grazing behaviour (i.e. grazing time, number
of bites, bite rate, meal duration) of donkeys, free-ranging in a temperate coastal dune area, in order to provide more
understanding about their foraging strategy in such a relatively nutrient poor ecosystem. Since nutrient and energy
restrictions are even more pronounced during the seasons with low plant productivity, we expected that the donkeys



would adapt their foraging behaviour to these seasonal differences in forage quality and quantity. We also investigated
whether the donkeys changed their grazing behaviour over a period of three years, from introduction onwards.
Furthermore, our results about the donkeys’ habitat use and diet selection are used to evaluate whether the introduction
of donkeys is a good management measure to reach the nature conservation objectives.

2.4.3 Materials and Methods

2.4.3./ Study site and animals

Five donkey mares and one donkey stallion (Equus asinus) were released in April 1997 in the coastal Flemish nature
reserve “Houtsaegerduinen”. One more mare was introduced in 1999 and eight foals were born since introduction,
leading to a herd of seven adult mares, two two-year-old mares, two adult stallions, one two-year-old stallion and three
colt foals of almost 1 year in spring 2001. The nature reserve (total area ca. 80 ha) is a nutrient poor (unpubl. data
Cosyns) coastal dune system with a spatially heterogeneous vegetation pattern. It is located in a coastal region with mild
winters and mild summers. Mean annual temperature is 9.8°C. In summer, autumn, winter and spring, mean temperature
is 15.9°C, 10.8°C, 3.9°C and 8.7°C, respectively; mean monthly precipitation is 60.7mm, 74.8mm, 56.5mm and
48.5mm, respectively (means for the period 1963-2002; Meteo WVL vzw).

Approximately two thirds of the area is covered by more or less closed scrub vegetation, main shrub species are
Hippophae rhamnoides, Ligustrum vulgare and Salix repens. Woodland covers approx. 10% of the area. Tree species are
Populus tremula, Populus x canadensis, Populus canescens, Alnus glutinosa and Ulmus minor. The remaining 23 % of
the area is covered by patches of grassy vegetation. Within the latter habitat type, we distinguish the vegetation units
‘grassland’, ‘rough grassland’, ‘grassland with scrub invasion’, ‘rough vegetation’ and ‘open vegetation and moss dune’.
Grassland includes dry dune grassland with Poa pratensis, Avenula pubescens, Veronica chamaedrys, Galium verum and
Thalictrum minus and grassland with Holcus lanatus and/or Arrhenatherum elatius as main graminoids. Rough grassland
is defined as species-poor grassland dominated by Calamagrostis epigejos. Grassland with shrub invasion consists of a
grass-dominated matrix in which patches of young shrubs of mainly Hippophae rhamnoides, Ligustrum vulgare or Salix
repens appear. Rough vegetation is the assembly of vegetation entities dominated by Rosa pimpinellifolia and
vegetations characterized by tall forbs (e.g. Eupatorium cannabinum, Urtica dioica, Cirsium arvense). Mosses and
lichens are the dominant species of moss dunes. Main species of open vegetation are Carex arenaria, Festucajuncifolia
or Ammophila arenaria.

Mean weight of the adult mares was 175 £+ 7 kg (weighed in May 2000, March and October 2001). The animals are free-
ranging and remain in the area year round. They receive no additional food.

2.4.3.2 Behavioural observations

The grazing behaviour and habitat use of the donkeys was investigated discontinuously during a period of three years.
Four observation periods can be distinguished (Table 2.19). Observation sessions were pre-scheduled on specific data.
Consequently, weather conditions vary among observation sessions.

Data were collected through continuous focal animal observation (Altmann, 1974). During a six-hour period we
continuously monitored the behaviour of one focal animal, except for period ‘2001’. Then, two focal animals were
observed, each for three hours. The observed animals were habituated to the presence of humans and could be
approached closely (1 m) without visible influence on their behaviour. Observational data are from five, six, two and
four adult mares in 1998, 1999, 2000 and 2001, respectively. The duration (accuracy: 1s) of the observed behaviours
and the vegetation type in which the behaviour was performed were recorded. The different vegetation types were
clustered into three habitat types: ‘woodland’, ‘scrub’ and ‘grassy habitat” with the latter consisting of five vegetation
units: ‘grasslands’, ‘rough grasslands’, ‘grasslands with scrub invasion’, ‘rough vegetation’ and ‘moss dunes and open
vegetation’ as described above. During the 2000 period, every 15 minutes the position ofthe focal animal was marked on
a false colour infrared aerial photograph (1/2000) (EUROSEnNSE, flight date: 1998). During the 1999 and 2001 period,
we additionally recorded plant species eaten and the number of bites taken (using a mechanical counter), when the focal
animal was grazing. All plant species eaten were grouped into four forage classes: ‘graminoids’ (grasses, sedges and
rushes), ‘forbs’, ‘woody plants’ and ‘other’ (including mosses and ferns, unidentifiable plant material, soil).

Season definition follows the plant productivity periods in temperate regions, i.e. summer (June - August), autumn
(September - November), winter (December - February) and spring (March - May).

2.4.3.3 Data analysis

Grazing behaviour

In a first exploration of the data, we investigated whether the time spent grazing differed between nocturnal and daytime
hours. During 1998, the observations (258 hrs) were conducted between OhOO and 24h00, 58% of which were performed
during daytime hours. In 1999 the observations (282 hrs) took place between 6h00 and 24h00, 75% of which were done
during daytime. In 2000 all observations (198 hrs) were performed during daytime. Consequently, we only retained the
data from 1998 and 1999 for this analysis. We used mixed-models ANOVA to investigate the effects of the fixed factors



DayNight, Year and Season and all possible interactions on the differences in grazing time per hour. We included the
factor Season and Year, because temporal differences in the grazing time could exist. In addition, differences in the
grazing behaviour between individual animals could occur. Therefore, we initially included the random factor
Individual’ (and all interactions between ‘Individual’ and the fixed factors) in the ANOVA model. Since the individual
animals were sampled more than once, we included the repeated statement in the statistical model. Covariance structure
was calculated with the autoregressive method, because this always gave the best fitting model. If the random factor was
not significant, we excluded it from the final model. Similarly, we eliminated non-significant interactions of the fixed
effects from the ANOVA model. The random factor and the repeated statement were also implemented in all subsequent
ANOVA models and will not be mentioned again.

All further analyses were based on the observations done during daytime. The time budget was calculated as the
proportion of six hours spent on the behaviours ‘grazing’, ‘resting up’, ‘laying down’, ‘walking’, ‘standing alert’,
‘grooming’ and ‘other behaviour’. Other behaviour includes drinking, defecating, urinating, mutual grooming, rolling,
sniffing and all interactive behaviour. We analysed whether the variable ‘grazing time’ was different among seasons and
between years, by the use of a mixed-models ANOVA with the fixed effects Season and Year. In addition, we
investigated the variable ‘meal duration’ during 2000. A meal is defined here as a period during which the animal is
mainly grazing, including short interruptions (max. 5 minutes) of non-grazing activity, e.g. scanning of the environment.
When the focal animal stops grazing for more than five minutes, the next observation of grazing is considered to be the
start of a new meal. Although considered part of a meal, short interruptions are excluded from the calculation of the meal
duration, in order to include only true grazing activity. Mixed-model ANOVA was used to investigate whether meal
duration differed among seasons.

The positional data collected every 15 minutes during a six hour period in 2000, enabled us to estimate the cumulative
distance travelled per observation session, assuming straight line displacement between two location recordings. We
analysed whether this travel distance was different among seasons, using an ANOVA-model. In addition, the correlation
between distance travelled per six hours and total grazing time per six hours was calculated (Spearman correlation, N =
32).

Habitat use

The habitat use was defined as the time spent grazing in the different habitat types. We investigated habitat use at two
different levels: (1) the level of the habitat type, (2) the level of the vegetation unit within the grassy habitat. Thus, we
first examined how the donkeys divided their grazing time over the grassy habitat, scrub and woodland. Subsequently,
we studied the donkeys grazing time partitioning among grasslands, rough grasslands, grasslands with scrub invasion,
open vegetation and rough vegetation, when they were foraging in the grassy habitat. The variation in grazing time was
examined with a mixed-model ANOVA. Fixed factors were Habitat (or Vegetation unit), Season, Year and all their
interactions.

In addition, we calculated the Jacobs’ index of selection (1974) to describe the habitat preference, while taking into
account the availability of the different habitat types. Jacobs’ index of selection (1974): Dj = (pj - Ap)/(( pi + A,) - (2* pi
* Aj)) with pi the mean proportion of the grazing time spent in the ith habitat type and Aj the proportion of the area
covered by the ith habitat type. The value of D ranges from -1 to +1, with negative and positive values indicating
avoidance and selection ofthe habitat type, respectively.

Diet composition

We determined whether number of bites taken and bite rate (number of bites per grazing minute) differed among seasons
using a mixed-model ANOVA with the fixed factor Season (data from 1999). Subsequently, diet composition and its
temporal changes were examined. We analysed whether the factors Class, Season, Year and the interactions affected the
proportion of bites per forage class (data from 1999 and 2001). Finally, we analysed whether the diet composition
depended on the foraged habitat type. Therefore, we calculated the proportion of bites taken per forage class in a habitat
type. Fixed factors ofthe ANOVA model are: Class, Habitat, Season, Year and all interactions.

Data which are proportions were arcsine transformed, other data were logarithmically transformed. Analyses of variance
were performed using SAS System V8. Number of degrees of freedom was estimated by the Satterthwaite-method. The
positional field data were digitized and processed with ArcView GIS 3.2a.

2.4.4 Results

2.4.4.1 Daytime versus nieht time erazine

The factor ‘DayNight’ had a significant effect on the grazing time per hour (F1318 = 86.27; pO.OOQl). During the
nocturnal hours the donkeys grazed less than during the daytime hours, i.e. 22 min/hr during the night and 37 min/hr
during the day. In addition, there was a Year-effect (F1167= 6.68; p=0.011) and a significant interaction DayNight*Year
(Fi,s0e= 5.00, p=0.026). During nocturnal hours, the donkeys grazed longer per hour in 1998 than in 1999. The grazing
time per hour (during the night and the day) was not significantly different among seasons. As a consequence of the
significant differences in grazing time during day and night, all further analyses were based on daytime-data only.



2.4.4.2 Time budeet durine daytime

The time budget of the donkeys in the different seasons, averaged over the three years, is presented in Table 2.20.
Grazing was pre-eminently the most time-consuming behaviour. Grazing time varied among seasons and years, since
significant effects of Season (F357= 7.61; p < 0.001) and of Year (F222= 7.50; p = 0.002) were found. From 1998
towards 2000 the time spent on grazing steadily decreased (65.1 %, 60.7 % and 52.4% in 1998, 1999 and 2000,
respectively). The reverse pattern was found for resting time (14.3%, 23.2% and 28.1% in 1998, 1999 and 2000,
respectively). In all three years (no significant interaction Season*Year), the donkeys grazed significantly shorter in
summer, while longest grazing times were achieved in spring. The opposite trend was found for the time spent resting:
longest resting times in summer, shortest in spring. The time investment in the other behaviours remained relatively
constant over the different seasons (see Table 2.20).

Meal duration (period 2000) averaged 32.4 +3.1 min. Although mean meal duration in summer, autumn, winter and
spring appeared quite different (19.3 + 3.3 min, 38.0 + 8.3 min, 33.0 £ 6.0 min and 40.2 £ 6.3 min, respectively),
ANOVA results showed that these seasonal differences were not significant.

Mean travel distance per 6 hours was 917m + 138m. It was not significantly different among seasons. Travel distance per
6 hrs was positively correlated with grazing time per 6 hrs (r = 0.536; p = 0.002; N = 32).

2.4.4.3 General habitat use

ANOVA analysis clearly shows the habitat use variation among seasons and among years (see Fig. 2.16), since
significant interactions Habitat*Season (F6i8= 2.69; p = 0.016) and Habitat*Year (FAJ80= 10.28; p < 0.001) occur. The
significant 3-way interaction (Fi2iso= 1-94; p = 0.032) shows that the seasonal variation in habitat use was not similar
over the three years. The significant factor Habitat (F2i8= 102.06; p < 0.001) illustrates that the donkeys did not divide
their grazing time uniformly over the three habitat types, irrespective of the season or the year. The grassy habitat was
the most grazed habitat in all seasons and in all three years. The use of scrub and woodland was variable among seasons
and between years. In general, the donkeys foraged most in scrub and woodland in autumn and winter. The use of
woodland decreased steadily from 1998 to 2000 (73, 26 and 7min/6hrs in the winter of 1998, 1999 and 2000,
respectively). Instead, the use of scrub increased from 1998 to 2000 (27, 57 and 95min/6hrs in the winter of 1998, 1999
and 2000, respectively).

From the Jacobs’ index for selection it can be concluded that woodland evolved from a slightly preferred habitat in 1998,
via ‘neutral’ habitat in 1999 towards strongly ‘avoided’ habitat in 2000 (Table 2.21). Although scrub was grazed very
intensively in autumn and winter 2000, we could not conclude that it was ever a ‘preferred’ habitat. This is probably
caused by the dominance of scrub in the area (i.e. 67 % ofthe area).

2.4.4.4 Habitat use differentiation within srassv habitat

When comparing the grazing time spent in the vegetation units distinguished within the grassy habitat (periods 1998 and
2000), we found the significant interactions Vegetation*Season (Fi22l0= 1.86; p = 0.041), Vegetation*Year (F42I0 =
7.58; p < 0.001) and Vegetation*Season*Year (Fi2i2Kk)= 2.54; p = 0.004). Hence, the use of the vegetation units within
the grassy habitat is different among seasons and between years. The significant 3-way interaction shows that the
seasonal variation is different between both observation periods. Without taking into account the seasonal variation, we
can conclude that the donkeys spent more grazing time in the open vegetations and grasslands, in 1998 than in 2000. On
the other hand, the donkeys spent more grazing time in rough vegetation in 2000 (Fig. 2.17).

2.4.45 Number of bites per season and diet composition

The number of bites taken per day (in 1999) was significantly affected by the factor Season (F3j,74= 4.39; p = 0.018).
The donkeys took significantly more bites in spring than in all other seasons (2006 + 394 bites/6h, 2604 + 364/6h, 2874

+ 590/6h and 5273 + 701/6h in summer, winter, autumn and spring, respectively). This was not only the result of a
longer grazing time in spring, but also of an increased bite rate in spring compared to the other seasons (10.5 + 0.4, 11.6

+ 0.9, 13.6 £+ 1.8 and 21.5 + 1.6 bites/min grazing in summer, autumn, winter and spring, respectively). Thefactor
Season had indeed a significant effect on the variable bite rate (F3J78= 5.03; p = 0.011).

The total diet of the donkeys consisted of 19-26 species of graminoids, 38-48 species of forbs and 24-22 woody plant
species (1999 versus 2001). In Table 2.22 the most frequently bitten plant species (>500 bites taken during 132 and 219
observation hours in 1999 and 2001, respectively) are given. It is obvious that graminoids were of major importance in
the diet.

Throughout the year, in both observation periods (1999, 2001), diet consisted for 80 % of graminoids, 10-11% of forbs
and 9-10% of woody plants. However, the diet composition was variable among seasons (Fig. 2.18). The proportion of
bites taken per forage class was significantly affected by the interactions Class*Season*Year (F6257 = 7.60; p < 0.001)
and Class*Season (F6259 = 5.10; p < 0.001) and the factor Class (F229 = 337.30; p < 0.001), indicating that seasonal
differences in diet composition were not similar in both years. For example, the biggest proportion of woody plants and
forbs in the donkeys’ diet in 1999 was found in summer, while in 2001 this was found in winter. A remarkable aspect is
that in summer 1999 the donkeys took a similar number of bites of woody plants and graminoids, but this is entirely
caused by the consumption of Rosa pimpinellifolia fruits (classified as woody plant) in summer. The donkeys took even



more bites of Rosa pimpinellifolia than of Calamagrostis epigejos in summer 1999, while in the other seasons, in the
absence of rose hips, Rosa pimpinellifolia was bitten only rarely. In 2001, Rosa pimpinellifolia hips were far less
frequently consumed (see Table 2.22).

Diet composition depended on the foraged habitat type and this varied as well among seasons and between years (Table
2.23). Averaged over the four seasons, the proportion of graminoids in the diet is highest when the donkeys grazed in the
grassy habitat, in both 1999 and 2001. When foraging in scrub, the relative proportion of graminoids decreased mostly in
favour of forbs in 1999, while mostly in favour of woody plants in 2001. When foraging in woodland, the relative
proportion of graminoids decreased in both years in favour of forbs. The contribution of woody plants to the diet, when
foraging in woodland, was only slightly higher than when foraging in grassy habitat. However, browsing activity in
woodland depended strongly on season and year. For example, in autumn 1999 and in spring 2001 the donkeys browsed
much more when foraging in woodland than in the grassy habitat. According to the ANOVA analysis, diet composition
is significantly affected by the foraged habitat type (significant Class*Habitat: F4i47i = 14.39; p < 0.001). However, this
result can not be interpreted without attention for the significant interactions Class*Habitat*Season (Fjz24s5 = 5.14; p <
0.001) and Class*Habitat*Year (F4s70 = 8.37; p < 0.001), which illustrate that the variation in diet composition per
habitat type was different among seasons and between years. Other significant effects on the proportion of bites are:
Class*Season*Year, Class*Year, Class*Season and Class.

2.45 Discussion

Little knowledge is available on the grazing behaviour of donkeys (Aganga & Tsopito, 1998; Canacoo & Avomyo,
1998; Moehlman, 1998a, 1998b), certainly in cool temperate regions, where they experience significantly different
environmental conditions than in their environment of origin. As all free-ranging herbivores, donkeys have to make
many foraging decisions at different resolution levels (Senft et al., 1987; Stuth, 1991), resulting in a foraging strategy
that meets the large herbivores’ nutrient and energy requirements. Habitat use is an outcome of the foraging strategy of
the herbivores; it is the expression of the way grazing animals resolve the conflict between their need for food and their
intrinsic and extrinsic constraints (Illius & Gordon 1993). The foraging decisions are primarily made in relation to forage
availability and quality, which are in turn determined by environmental conditions. Different aspects of the foraging
behaviour are treated here consecutively.

Some studies have reported on remarkable physiological differences between the donkey and other equids. In particular,
several studies reported on the donkeys’ capacity to deal with dehydration (lzraely et al., 1994) and with their higher
digestive efficiency compared to other equids (lzraely et al., 1989; Cuddeford et al., 1995; Pearson et al., 2001). Izraely
et al. (1989) found that the digestive efficiency of donkeys is as high as that of Bedouin goats, with the latter being more
efficient than non-desert ruminants. The capacity of donkeys to digest plant cell wall constituents is lower than that of
Bedouin goats and other ruminants but higher than that of ponies or horses. The donkey reaches the same digestive
efficiency as the Bedouin goat as a result of its higher intake rate and higher efficiency to absorb soluble cell content
components. Cuddeford et al. (1995) compared the digestive efficiency among Thoroughbreds, Highland ponies,
Shetland ponies and donkeys. Donkeys retained food longer in the digestive tract and digested fibre more efficiently than
did the other equids. In that sense, donkeys were more ‘ruminant-like’. This was confirmed by Pearson et al. (2001):
donkeys had longer retention times and a higher digestibility of dry matter, energy, crude protein and fibre fractions than
ponies. They also found that donkeys consumed less dry matter per unit metabolic body weight when fed ad libitum than
ponies. Since voluntary food consumption is proportional to metabolic rate (Kleiber, 1961; Webster, 1985), this may
illustrate that donkeys have a lower metabolic rate, and hence lower maintenance requirements than the ponies. These
differences in requirements and digestive abilities between donkeys and other equid species can lead to differences in
their foraging behaviour in a free-ranging situation.

2451 Time budget

Quite similarly to other equids (Duncan, 1985; Pratt et al., 1986; Berger et al. 1999), the donkeys grazed longer during
daytime hours than during nocturnal hours.

Spending on average 56 % of the daytime on grazing and 22 % on resting, donkeys are average equids compared to free-
ranging or feral horses. Duncan (1985) reported that Camargue horses generally spend 50-70% of a whole day on
feeding and 20-30% on resting. Przewalski horses in a nature reserve in the Mongolian steppes on average only grazed
49% of the daytime (van Dierendonck et al., 1996). In a study in Ghana, donkeys spent 84% of their time grazing during
the day (at night they were sheltered in pens). The authors suggested that this prolonged grazing could be in part the
result of the poor quality of the pasture that the donkeys were grazing (Canacoo and Avornyo, 1998). Female feral
donkeys in the dry habitat of Death Valley (US) and in the mesic habitat of Ossabaw Island (US) grazed for 52.8% and
for 41.6 % of their daytime, respectively (Moehlman, 1998b). In environmentally more comparable situations
(neighbouring coastal dune areas) the donkeys in the present study spent less time on grazing than other free-ranging
equids. Haflinger horses spent 6s% of the daytime on foraging (Lamoot & Hoffmann, 2004), while Shetland ponies
grazed 71% of their daytime (Lamoot et al., 2005) and Konik horses spend 73 % of the period between s h and 24h on
grazing (Cosyns et al., 2001). The higher digestive efficiency of the donkeys compared to other equids (lzraely et al.,



1989; Cuddeford et al., 1995; Pearson et al., 2001) probably gives them advantage when feeding on the relatively low
quality food in a dune ecosystem, resulting in a smaller time investment in grazing.

In a period of three years we found a trend of decreasing grazing time. The herd enlarged from the start of the
observation period towards the end, implying possible increase of interactive behaviour. The time spent on ‘other
behaviour’, including interactive behaviour; raised from 3 min/6 hrs in 1998 up to 10 min/6 hrs in 2000. However, this
remains a low time investment and can not be responsible for the much larger decrease in grazing time. Resting time on
the other hand, is a relatively high time investment behaviour; it doubled from 1998 to 2000. This underpins the
suggestion that the donkeys developed a more efficient foraging strategy. We assume that the extended knowledge of the
environment, especially on nutritional quality and quantity, diminished the need for foraging time investment allowing
for more resting time. It has been reported that naive animals spend more time foraging but ingest less forage compared
to experienced animals (Provenza & Balph, 1987, 1988). Our data suggest that this phenomenon appears even more
strongly so in a complex, heterogeneous environment.

Grazing time increased from summer, over autumn and winter towards spring. An increased grazing activity of equids in
winter compared to summer has been reported several times for the temperate regions (Duncan, 1985; Duncan, 1992;
Pratt et al., 1986; Berger et al., 1999; Cosyns et al., 2001; Menard et al., 2002), as well as in subarctic conditions (Salter
& Hudson, 1979). Those authors investigating foraging behaviour in spring as well, found foraging times in spring
comparable to those in winter (Duncan, 1985; Duncan, 1992) or reported higher grazing times in spring than in winter
(Pratt et al., 1986; Berger et al., 1999). It is generally accepted that seasonal variation in grazing time is mainly caused by
seasonal variation in forage quantity and quality, e.g. Duncan (1985) suggested that the horses in the Camargue increased
their feeding time in winter in an attempt to maintain a high quality diet. Pratt et al. (1986) put forward that the peak in
the ponies’ feeding activity in the months of April and May in the New Forest is the result of the exploitation of the new
grazing resources. A limited number of biomass data of Houtsaegerduinen (unpubl. data, Cosyns) supports a causal
relation between grazing time and general food availability. The average graminoid standing crop in the grassy
vegetation units differed among seasons, i.e. 327, 205, 196 and 177g/m2 in summer, autumn, winter and spring,
respectively. Live biomass covers 80%, 79%, 49% and 72% of this graminoid standing crop in summer, autumn, winter
and spring, respectively. Hence, graminoid quantity decreases from summer, over autumn and winter to a minimum in
spring, and the quality of the graminoid standing crop decreases from summer to winter and starts to increase again in
spring. An increased grazing investment can thus be related to a decreased quantity and quality of graminoids. We
suggest that the long grazing time in spring, accompanied with a higher bite rate compared to the other seasons, is the
result of the general low food quantity combined with the new availability of better quality food provided by the fresh
regrowth of graminoids with the start of the growing season.

2.45.2 Habitat use

In quite different ecosystems all over Europe it was found that equids show a strong preference for grassland (Camargue:
Duncan 1983; Menard et al. 2002; New Forest: Pratt et al. 1986; Putman et al. 1987; Rhum: Gordon 1989a). The
donkeys in the present study are no exceptions to that rule. Throughout the year, the grassy habitat was preferred by the
donkeys, although, habitat use was influenced by seasonal characteristics. In all three years, grazing time was almost
entirely restricted to grassy habitat in summer and spring (with the exception of spring in period 1998), while in autumn
and winter, a certain shift towards woodland and scrub was observed. Remarkable is the increasing foraging activity in
scrub during the later autumn and winter periods. Shetland ponies and Haflinger horses living in neighbouring dune areas
both preferably grazed in graminoid-dominated vegetations as well. However, Haflinger horses did not perform a higher
foraging activity in scrub or woodland during autumn and winter (Lamoot & Hoffmann, 2004). Shetland ponies
increased the use of scrub in autumn and winter, while the use of woodland increased in spring. In these habitat types
they remained on a diet of graminoids and forbs, and did not browse (Lamoot et al., 2005).

The increased use of scrub and woodland during autumn and winter coincides with a general decline in (live) biomass of
the grassy vegetation units (unpubl. data Cosyns; see above). The lower plant productivity of the grassy vegetations
during the non-growing seasons is the most probable reason for the observed shift in habitat use (Duncan 1983; Gordon
1989b; Gordon & Illius 1989). The return to grassy habitat already in spring, when biomass is still very low, but new
shoots deliver high quality food, indicates the animals strong preference for high quality food after a long period of its
non-availability.

The use of woodland remarkably decreased during the observation period. This might be due to the decreasing
availability of herbaceous undergrowth over the years, which is the main diet in that habitat.

Changes in grass cover in rough grassland (certainly a grassland type with high biomass; unpubl. data Cosyns) after three
years of donkey grazing probably affect the foraging behaviour of the donkeys. Permanent quadrates in grazed plots and
ungrazed control plots in rough grassland (i.e. Calamagrostis epigejos dominated grassland) revealed a significant
decline of Calamagrostis cover from an average of 63% towards 30% in the grazed plots between 1998 and 2001, while
cover in the ungrazed control plots significantly increased (Vervaet, 2002). This definitely indicates that grass biomass
availability declined severely in this relatively productive grassy habitat. Since Calamagrostis epigejos is an important
component of the donkeys’ diet, its decreased abundance may affect the foraging behaviour of the donkeys, forcing the
animals to search for food in other vegetation types. The increased use of rough vegetation in 2000 compared to 1998
can be a result of this. The decreased availability of C. epigejos may also have an affect on the increased use of scrub
from 1998 towards 2000. As C. epigejos is still an important forage in autumn, it can explain at least partly the increased



use of scrub in autumn 2000 (37% of the grazing time). However, it cannot explain the intensive use of scrub in the
winter of period 2000 (49% ofthe grazing time), since C. epigejos is much less grazed in winter.

Also at the more detailed scale of the grassy vegetation units, the donkeys’ habitat use is variable over time, not only
among seasons but also on the longer time scale. Habitat use flexibility is most probably the donkeys’ answer to the
temporal variation of the availability of food in the different habitats. Owen-Smith (1994) found that foraging behaviour
of kudus was very elastic too. A changing habitat use expresses flexibility of the grazers, which is necessary to survive in
a changing environment. We already suggested before that the donkeys became more efficient through the years. Habitat
use is an outcome of the foraging strategy of the herbivores. The variation in habitat use between years may be a part of
this developing foraging efficiency.

2.45.3 General diet composition

Horses are considered as true grazers that feed predominantly on grasses (Van Dyne et al., 1980; Putman et al., 1987;
Duncan, 1992; Vulink, 2001). This is also the case for donkeys. Moehlman (1998b) reported that feral donkeys adapt
their foraging behaviour to their environment: in Death Valley, an arid habitat, the donkeys are browsers and in the more
humid habitat of Ossabaw Island the donkeys are grazers. Domesticated donkeys in Botswana are good grazers as well
as browsers. During the dry season, when quality and quantity of the grasses is poor, the donkeys browse more (Aganga
& Tsopito, 1998). Our data of 2001 showed a similar trend in the “Houtsaegerduinen”, with an increased browsing
activity in autumn and winter. In 1999 the donkeys browsed most in summer when they foraged selectively on hips of
Rosa pimpinellifolia, though it is questionable whether this consumption of hips can be considered as a true browsing
activity. Throughout the year the contribution of browse to the diet remained small though, certainly when compared to
the contribution of graminoids (graminoids: 80%, forbs: 10-11%, woody plants: 9-10%).

Compared to Konik horses and Shetland ponies, which graze in nearby dune areas, the donkeys browsed a lot. The
Konik diet contained no more than 2% browse (Cosyns et al. 2001). The ponies’ diet consisted of 92% graminoids and
8% forbs, while they hardly consumed woody plants. In fact, diet composition of the donkeys showed more similarities
with the diet of Highland cattle (graminoids: 87%, forbs: 8%, woody plants: 5%), grazing together with the ponies in the
same dune area (Lamoot et al., 2005). Woody plants have a high proportion of cell contents but poorly digestible cell
walls, due to a high level of lignin, compared to graminoids (lllius & Gordon, 1993). Hindgut fermenters, like equids, are
able to utilize the soluble components of the cell more efficiently than ruminants, but ruminants benefit from a greater
efficiency in the extraction of energy from the cell wall (Rittenhouse, 1986). However, donkeys are far more efficient in
digesting cell wall constituents than horses or ponies (lzraely et al., 1989; Cuddeford et al., 1995). Our results suggest
that donkeys indeed browse more than other equids when foraging in a similar ecosystem.

2.45.4 Diet differentiation between habitats. seasons and years

Diet composition depended on the foraged habitat type, varied among seasons and changed over the years. Averaged
over the four seasons, the donkeys consumed 82-85% graminoids when grazing in grassy habitat. When grazing in
woodland the amount of graminoids in the diet decreased to 45-67%. In woodland the donkeys foraged a lot on
undergrowth forbs (23-45%). In autumn and winter a considerable number of bites was taken from dead Urtica dioica,
locally very abundant in the woodland undergrowth. In Botswana the donkeys peeled the bark of trees when there was
food scarcity (Aganga & Tsopito, 1998). In the present study we have noticed that the bark of Populus trees in a
horizontal position (cut down) was peeled off too. However, living trees of the same species in an upright position at the
same spot were not harmed. Some other tree species were on the donkey’s menu as well. They consumed leaves and
branches of Acer pseudoplatanus, Fraxinus excelsior, Populus alba, Ulmus minor, Alnus glutinosa and Prunus serotina.
When foraging in scrub, the donkeys again mainly consumed graminoids (63-67%), they increased the contribution of
forbs (12-19%), but they also showed a significant browsing activity (14-25%). Ligustrum vulgare is an important
component of the donkeys’ diet. Other browsed shrub species are: several Rosa species (mostly hips) and the exotic
Syringa vulgaris. Furthermore, the donkeys browsed also on climbing plant species, such as Clematis vitalba, Bryonia
dioica and Hedera helix.

In 1999, Calamagrostis epigejos was the main component of the donkeys’ diet. The decreased abundance of C. epigejos
in the grasslands dominated by this species in 2001, compared to 1998 (Vervaet, 2002; see above), probably influenced
the diet composition of the donkeys in 2001. Besides an increased consumption of ‘mix of graminoids’, we found a
doubled consumption of Festucajuncifolia, Ligustrum vulgare, Rubus caesius and Urtica dioica in 2001 compared to
1999.

2.455 A role in nature manasement?

Grazing management has been implemented in the “Houtsaegerduinen” to prevent the expansion of dominant grass
species like Calamagrostis epigejos and Arrhenatherum elatius and the expansion of dense scrubs of Hippophae
rhamnoides and Ligustrum vulgare, in order to maintain, extend or enrich dune specific grasslands (Provoost et al.
2002). Next to direct consumption of the dominant competitors, leading to a decrease of their abundance, the donkeys
are expected to create structural diversity within monotonous vegetation types, dominated by the above-mentioned
competitors.



Throughout the year, the donkeys spent most of their grazing time in the grassy vegetations. In addition, Calamagrostis
epigejos is the main graminoid species of their diet (32% in 1999; 19% in 2001) (Table 2.22). From 1998 to 2001,
grazed permanent plots in grasslands dominated by C. epigejos showed a significant decrease of the cover by C. epigejos
and a significant increase in number of plant species. On the other hand, ungrazed control plots showed a significant
increase of the cover by C. epigejos without a significant change in number of plant species (Vervaet, 2002). Thus, the
donkeys seem to be suitable to avoid further dominance of C. epigejos in the rough grasslands, inducing even a certain
species enrichment of these grasslands. Changes in the species composition of other grassland types, e.g. the species-rich
dune grasslands, attributable to the grazing management, is not detected yet (unpubl. data Provoost). Similarly, more
time is needed to evaluate the impact of the donkeys on scrubs. Probably, the impact of donkeys on the scrub will be
smaller than on the grassy habitat, because they forage less in scrub. Nonetheless, they do forage and browse in scrub
and open the scrub layer at least locally. A network of paths has been formed in the scrub habitat. Ligustrum vulgare,
which is browsed intensively from autumn till spring, becomes visibly less vital when growing in accessible places, e.g.
at scrub edges. Hippophae rhamnoides, which is considered as a problematic invasive shrub species, is rarely consumed
by donkeys (fruits). Hence, herbivore introduction as sole measure will not suffice to avoid further encroachment of
Hippophae rhamnoides.

Since the herd is still enlarging, it may be expected that the higher animal density will have a higher impact on the
vegetation. Initially, one reason to choose donkeys as a grazing measure was the expectation that they would browse
more than other equids. Although more experimental research is needed to compare feeding habits of donkeys with those
of other equids, our data from neighbouring coastal dune areas with different equids, at least suggest that donkeys indeed
browse more than ponies or horses. Their browsing activity appeared much more comparable to the browsing activity of
cattle than that of other equids (Lamoot et al., 2005).

Another question related to the introduction of the donkeys as a management tool is whether they are able to cope with
such a nutrient poor system. The donkeys in “Houtsaegerduinen” spent less time grazing and more time resting
compared to other equids in similar systems. Body condition scores were determined a few times in 1999 according to
the Condition scoring method for donkeys provided by McCarthy (1998). It was concluded that the donkeys were in
good condition, i.e. not too skinny and not too fat, without a remarkable lost of condition during the winter period
(unpubl. data Cosyns). Mean weight data of 5 adult mares was 180+8 kg on 04/05/2000, 166+15 kg on 21/03/2001 and
179+23 kg on 23/10/2001, respectively. Unfortunately, we do not have weight data from the summer period and from the
end of the winter period, but the three measures do not show strong fluctuations, illustrating a rather stabile condition.
The analyses ofthe blood samples, taken yearly from all the individuals, demonstrated that the donkeys did not show any
deficiencies. We therefore conclude that the donkeys do not have problems surviving well in this particular ecosystem
and that they probably can survive in conditions with even harder nutritional stress. Nowadays the domesticated donkey
is no longer an important source of power in Western European countries, but it might play a role in nature management,
especially in ecosystems providing only low forage quality.
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Table 2.19 - Characteristics of the four observation periods. In the text we refer to the codes, instead of the observation periods.

Observation Code #sess. N Sampling Diurnal coverage Observations

Period /month session

Aug’98 - May’99 1998 43 6h Day + Night (0-24h)  Behaviour, habitat use

Aug"99 - May’00 1999 47 6h Day + Night (6-24h)  Behaviour, habitat use, diet
May’00 - Apr'01 2000 33 6h Day Behaviour, habitat use, location
Aug’00 - Jul’01 2001 37 2x3h Day Behaviour, habitat use, diet
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Table 2.20 - Diumal time budget of the donkeys, averaged over the three years. Mean and Standard error as percentages of a six hour
period.

Year Summer Autumn Winter Spring

Mean SE Mean SE Mean SE Mean SE Mean SE
Grazing 56,2 31 454 40 57,6 24 578 2,6 639 33
Resting Up 17,7 2,8 20,2 34 14,7 24 21,0 2,5 14,9 2,9
Walking 8,9 08 84 0,8 10,2 0,8 10,1 1,0 71 0,7
Lying Down 4.6 1,4 84 23 45 1,2 1,4 06 4,2 15
Standing Alert 6,6 14 99 16 75 14 57 1,8 3.2 0,5
Grooming 4.0 0,7 4.6 M 4.0 0,6 2,3 0,4 4,9 0,8

Other behaviour 2,0 03 29 05 15 0,2 1,7 0,3 1,7 0,3



Table 2.21 - Jacobs’ index of selection (1974).
No selection (0): -0.08 < Index < 0.08. Avoidance (-): -0.4 < index < -0.08. Strong avoidance (--): index < -0.4.
Preference (+): 0.08 < index < 0.4. Strong preference (++): index > 0.4

Habitat type Area 1998 1999 2000
Grassy habitat 23,3 % ++ ++ ++
Scrub 67,0 % — — —
Woodland 9,7 % + 0 —

Table 2.22 - Plant species from which more than 500 bites were taken during 132 hours in 1999 and during 219 hours in 2001. Class:
G: graminoids; F: Forbs; W: Woody plants, ‘mix of graminoids’ was used to register a bite which contained several graminoids
species, difficult to identify on the species level. This overview represents 93% and 92% of the total number of bites taken during
observations in 1999 and 2001 respectively.

1999 2001
Plant species Class % Bites Piant species Class % Bites
Calamagrostis epigejos G 31,62 mix of graminoids G 21,35
mix of graminoids G 16,43