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Summary	
Sandy	 beaches	 dominate	 the	 worlds	 coastlines,	 with	 75%	 of	 the	 world’s	
population	predicted	to	live	within	60	km	off	the	coastline	in	2020.	However,	
coastal	ecosystems	in	general	and	sandy	beaches	in	particular,	are	currently	
one	 of	 the	 most	 threatened	 ecosystems	 globally,	 due	 to	 human	 activities.	
Effects	 of	 human	 activities	 exist	 on	 various	 spatio‐temporal	 scales	 and	 are	
most	often	cumulative	in	nature.	A	major	indirect	human	impact	constitutes	
climate	change.	It	comprises	most	importantly	of	temperature	rise,	sea	level	
rise	 and	 increased	 storm	 occurrence	 and	 ‐	 intensity.	 Together	 with	 the	
intensified	 land	 use	 of	 coastal	 areas,	 the	 consequence	 is	 “coastal	 squeeze”,	
where	beaches	are	trapped	between	rising	sea	levels	and	erosion	on	the	sea	
side	 and	 increasing	 human	 activities	 on	 the	 land	 side.	 Direct	 impacts	 on	
sandy	 beaches	 include	measures	 to	 counteract	 climate	 change	 effects,	 like	
beach	 nourishments,	 and	 human	 activities	 such	 as	 beach	 recreation	 and	
mechanical	 beach	 cleaning.	 These	 (and	 others)	 can	 affect	 the	 sandy	 beach	
ecosystem	 in	 a	 negative	 way,	 posing	 a	 serious	 threat	 to	 the	 natural	
functioning	of	 sandy	beaches,	and	with	 that,	 the	continued	existence	of	 the	
wide	range	of	ecosystem	services	offered	by	sandy	beaches	is	at	stake.	
In	 light	 of	 the	 abovementioned	 human	 activities	 on	 sandy	 beaches,	 the	
central	aims	of	this	thesis	were	to	get	a	better	understanding	on	whether	and	
how	 the	 physical	 processes	 resulting	 from	 anthropogenic	 pressures,	 affect	
species	 abundances	 and	 life	 history	 stages	 on	 Dutch	 sandy	 beaches.	 The	
Dutch	 coastal	 ecosystem	 is	 ideal	 for	 investigations	 concerning	 human	
activities,	since	many	parts	of	the	Dutch	coast	are	subject	to	coastal	squeeze.	
Because	of	that,	activities	such	as	sand	nourishments	and	mechanical	beach	
cleaning	have	been	widely	implemented.	Moreover,	the	Dutch	coast	provides	
a	 variable	morphological	 environment.	 Field	 investigations	 and	 laboratory	
experiments	were	used	to	study	the	mechanisms	involved	in	beach	changes	
through	beach	nourishment	and	mechanical	beach	cleaning.	
	
In	 chapter	 two,	 the	 long	 term	 consequences	 of	 beach	 nourishments	 for	
macro‐invertebrate	 fauna	 on	 the	 intertidal	 beach	 were	 investigated.	 A	
chronosequence	 of	 nourished	 and	 control	 beaches	 was	 sampled	 to	
investigate	 the	 abundance	 of	 four	 dominant	macrofauna	 species	 and	 their	
relations	 with	 nourishment	 year	 and	 relevant	 coastal	 environmental	
variables.	 The	 results	 showed	 that	 the	 abundances	 of	 the	 different	 species	
were	 explained	 by	 different	 physical	 parameters.	 Moreover,	 the	 results	
indicate	 that	 recovery	 of	 the	 four	 macro‐invertebrate	 species	 after	 beach	
nourishment	 took	 place	 within	 a	 year,	 and	 Scolelepis	 squamata	 initially	
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benefited	 from	 the	 nourishment	 with	 “over‐recolonisation”,	 confirming	 its	 role	 as	 an	
opportunistic	 species.	 Overall,	 results	 were	 species	 specific,	 showing	 the	 importance	 of	
knowing	 the	 autecology	 of	 sandy	 beach	macroinvertebrate	 fauna	 in	 order	 to	 be	 able	 to	
mitigate	 the	 effects	 of	 beach	 nourishment	 and	 other	 environmental	 impacts.	 Moreover,	
since	we	have	“only”	 investigated	the	four	most	abundant	species,	and	the	importance	of	
the	 autecology,	 we	 suggest	 that	 recovery	 for	 less	 abundant	 species	 and	 total	 species	
diversity	could	respond	differently.	
Having	a	low	internal	primary	productivity,	supralittoral	sandy	beaches	rely	on	the	input	
of	spatial	subsidies,	most	of	which	is	of	marine	origin.	In	high	wrack	environments,	marine	
wrack	abundance	has	been	suggested	as	an	important	driver	for	supralittoral	amphipods.	
In	 chapter	 three	 it	was	 investigated	which	 environmental	 drivers	dominantly	determine	
talitrid	 abundance	 in	 a	 low	 wrack	 environment,	 like	 on	 the	 Dutch	 coast,	 and	 how	
mechanical	beach	cleaning	affects	talitrid	abundance	and	zonation,	the	latter	being	related	
to	their	search	for	alternative	food	sources	on	beaches	with	low	wrack	input.	Mechanical	
beach	 cleaning	 had	 only	 minor	 impact	 on	 both	 the	 beach	 environment	 and	 wrack	
abundances.	Local	sand	characteristics,	rather	than	wrack	abundance,	determined	talitrid	
occurrences,	with	soil	moisture	and	soil	organic	matter	being	generally	important	drivers.	
The	 two	 investigated	 species,	 Talitrus	 saltator	 and Deshayesorchestia	 deshayesii,	
showed	 different	 preferences	 to	 environmental	 drivers.	 Mechanical	 beach	 cleaning	 did	
have	a	high	negative	impact	on	abundance	of	T.	saltator	adults,	being	likely	a	direct	effect	
of	the	mechanical	cleaning	activities.	
Chapter	 four	 deals	 with	 the	 feeding	 behaviour	 of	 T.	 saltator.	 It	 was	 tested	 whether	 T.	
saltator	also	fed	on	other	food	sources	than	marine	macroalgal	wrack,	independent	of	the	
availability	 of	 stranded	 algal	 wrack.	 This	 was	 investigated	 in	 a	 no‐choice	 feeding	
experiment,	 and	 was	 validated	 at	 field	 conditions	 on	 cleaned	 and	 uncleaned	 sandy	
beaches,	 where	 C	 and	 N	 stable	 isotopes	 of	 animals,	 faeces	 and	 food	 sources	 were	
measured.	 The	 results	 suggested	 that	 T.	 saltator	 fed	 on	 multiple	 simultaneous	 food	
sources,	 including	 stranded	 algal	 wrack,	 roots	 and	 shoots	 of	 Elytrigia	 juncea	 subsp.	
boreoatlantica	and	carrion,	and	that	terrestrial	food	sources	were	always	part	of	its	diet.	T.	
saltator	therefore	plays	an	important	role	in	linking	the	terrestrial	and	littoral	food	webs	of	
sandy	beaches.		
In	the	fifth	chapter,	the	focus	was	on	the	beach	zone	containing	vegetation.	When	a	sandy	
beach	 is	 temporarily	 cut	off	 from	 the	 sea,	 green	beaches	 can	develop.	 In	 these	 sheltered	
areas,	 microbial	 mats	 can	 form	 on	 the	 bare	 sand,	 and	 enable	 the	 start	 of	 vegetation	
succession.		A	greenhouse	experiment	was	performed	to	test	the	influence	of	the	physical	
disturbances	of	sandblasting,	sand	burial	and	salt	spray	‐	which	are	commonly	present	on	
a	sandy	beach	‐	on	three	 life	history	stages	of	 two	pioneer	species,	with	and	without	 the	
presence	 of	 a	microbial	mat.	 The	 results	 showed	 that	 growth	 of	 seedlings	 and	 adults	 of	
Aster	 tripolium	 and	 Plantago	 coronopus	 was	 positively	 affected	 by	 the	 presence	 of	 a	
microbial	 mat.	 Opposed	 to	 this,	 the	microbial	 mat	 did	 not	 enhance	 germination,	 and	 in	
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Plantago	 coronopus	 it	 even	 inhibited	 germination.	 However,	 in	 general	 the	 physical	
environment	did	not	influence	the	pioneer	species	negatively.	The	presence	of	a	microbial	
mat	 seems	 to	 be	 critical	 for	 the	 existence	 of	 a	 green	 beach,	 by	 counteracting	 nitrogen	
limitation	otherwise	present	on	sandy	beaches,	while	the	beach	plant	species	tested	were	
hardly	affected	by	the	physical	stresses	from	sand	and	salt.		
	
Overall,	the	results	showed	that	impacts	of	human	activities	(i.e.,	beach	nourishments	and	
mechanical	beach	cleaning)	on	fauna	or	vegetation	of	sandy	beaches	were	due	to	the	direct	
impact	of	the	activity.	That	is,	intertidal	beach	fauna	is	killed	by	the	burden	of	sand	on	top	
of	them,	and	supralittoral	talitrid	abundances	seem	to	be	negatively	affected	by	the	beach	
cleaner	driving	over	 them.	 In	general,	 species	abundances	of	different	 life	history	 stages	
were	 not	 changed	 through	 alterations	 in	 the	 beach	 environment	 following	 human	
activities,	 or	 through	 disturbance	 of	 physical	 variables	 like	 sand	 or	 salt	 spray,	 although	
responses	 were	 species	 specific.	 This	 indicates	 that	 the	 species	 living	 in	 the	 beach	
environment	are	well	adapted	to	its	variability,	by	adopting	plastic	behaviour.	The	ability	
of	beach	organisms	to	cope	with	a	dynamic	environment	does	also	seem	to	lead	to	a	high	
tolerance	 to	 human	 disturbances	 that	 include	 modifications	 in	 the	 beach	 environment,	
even	 when	 these	 are	 beyond	 the	 natural	 variability	 of	 the	 beach	 environment.	 Instead,	
other,	more	direct	impacts	of	getting	burrowed	or	getting	driven	over	seem	to	negatively	
affect	 beach	 communities.	 From	 a	 management	 point	 of	 view,	 this	 indicates	 that	 new	
human‐induced	disturbances	should	be	avoided	and	alternative,	 less	disturbing	methods	
should	be	advocated.	In	addition,	timing	of	activities	and	appropriate	spatial	arrangements	
should	be	considered,	keeping	in	mind	to	the	biology	of	inhabiting	species,	respecting	their	
autecology.	Lastly,	the	connection	between	the	elements	of	the	coastal	zone	(i.e.	nearshore,	
surf	zone,	intertidal	beach,	supralittoral	beach,	foredunes),	termed	the	littoral	active	zone,	
should	be	considered	for	an	optimal	management	of	the	coastal	zone,	in	order	to	maximise	
the	ability	of	the	system	to	recover.	


