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D a n  k w o o r d

Z o w e l genen ais o m g e v in g  bepa len  de le ve n s lo o p  van m ens  en dier. Z o n d e r 

da t ik  d ie  eerste  o n e e r w il aa ndoe n , heeft de o m g e v in g  in m ijn  geval een 

be pa len de  inv lo e d  gehad o p  m ijn  in te resses en de th e m a tie k  van d it  p ro e f­

s c h r if t, aangez ien  ik  o p g ro e id e  te  m id d e n  van de laa ts te  re s tan te n  ku s td u i- 

nen. D aa rom  ben ik  b ijz o n d e r t ro ts  om  d it  w e rk  te  kun nen  vo o rle g g e n  ais 

w a t o o it  m e t vo g e ls -k ijke n  in de d u in e n  begon . H oew e l a lleen m ijn  naam  

boven aan d it  p ro e fs c h r ift s taa t, kon het enke l to t  s tand  kom en  m e t de n ie t 

te  o n d e rsch a tte n  s teun  en m e d e w e rk in g  van co lle g a ’ s, v rie n d e n  en fa m ilie .

In de eerste  p laa ts ben ik veel da nk  ve rsch u ld ig d  aan m ijn  p ro m o to r  Eckhart 

K u ijken , d ie  m ij van het beg in  a f  g e s tim u le e rd  heeft om  een type  o n de rzo ek  

te  ve rr ich te n  w aa rin  ganzen geen enkele ro l spe len. N o g  b e la n g rijke r w as de 

v o o rtre ffe lijk e  b e ge le id in g  en o n b a a tzu ch tig e  s teun van Jean-P ierre M a e lfa it. 

Z o n d e r de vele [ge m oe de lijke ] d iscuss ies , vaak tu sse n  po t en p in t, en z ijn  

k r itisch e  o p v o lg in g  zou  ik d it  p ro e fs c h r ift n o o it to t  een goed e inde hebben 

kunnen  b rengen. Luc Lens ben ik heel da nkbaa r v o o r het aan leren van SAS 

en v o o r z ijn  c o n s tru c tie ve  m e d e w e rk in g  aan de a fw e rk in g  van enkele m a n u ­

sc rip te n , w a t de k w a lite it ervan o p  een ho ge r n iveau g e b rach t heeft. Jean- 

P ierre en Luc, d u ize n d m a a l dank, va n u it de g rond  van m ijn  ha rt!

I am  a lso  g ra te fu l to  th e  o th e r m e m b e rs  o f  th e  e x a m in a tio n -c o m m itte e  fo r  

th e ir  va lu a b le  c o m m e n ts  and su g g e s tio n s  on th e  p re lim in a ry  ve rs io n  o f  th is  

th e s is .

A lle  co lle g a ’ s van he t negende w il ik  u itd ru k k e li jk  danken  v o o r de f ijn e  w e rk ­

s fee r t ijd e n s  en na de ‘w e rk ’ u ren , w a a rd o o r afzakken naar he t labo steeds 

een p le z ie r w as [en is]. F rederik, be d a n k t v o o r de ve le  d iscuss ie s  en de, m is ­

sch ien  o n b e w u s te , s tim u la n s  om  steeds be te r o n d e rzo e k  te  leveren. V erde r 

w il ik  o o k  D ann y  en V ik i spec iaa l ve rm e ld e n  v o o r de geze llige  babbe ls  aan 

de ko ff ie ta fe l, de h u lp  b ij ‘de kw eek’ en ju l l ie  in te resse  in m ijn  on de rzo ek . 

D o m ir, S h irley  en W ou te r, ja m m e r  d a t ju l l ie  n ie t o p  het negende  konden  

b lijve n , w a n t d a n kz ij ju l l ie  w as am b ia n ce  steeds ve rzekerd . E tienne, be dank t 

v o o r  het in s tan d  h o u d e n  van de co lle m b o la -kw e e k ! T e ns lo tte  w il ik  oo k  

Jeroen, Lynda en A n g e lica  n o e m e n , d ie  m e hebben g e ho lpe n  b ij k le ine  en 

g ro te  PC-, p r in t-, scan- en S A P -p rob le m en .
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T ijd e n s  de be g e le id in g  van de vele sc rip tie - en m a a n d w e rks tu d e n te n  kreeg ik 

n ie t enkel de kans om  o p  een boe iende  m a n ie r m ijn  in te resse  in sp in n e n  en 

e co lo g ie  d o o r te  geven, m aar heb ik teve ns  heel w a t gegevens kunnen  ve rza ­

m e len  d ie  van essentiee l be lang  w aren  v o o r de a fw e rk in g  van d it  p ro e f­

s c h r if t. D ank aan de ‘d e te rm in e e rd e rs ’ Tom , Peggy, Isabe lle  en L iesbeth  en 

de ‘b a llo o n e rs ’ Isra, N ele  en Jeroen v o o r hun o n m isb a re  b ijd ra g e n !

De p rac tica , excu rs ies en stages w aren  v o o r m ij een le e rrijke  en aangenam e 

a fw isse lin g  t ijd e n s  m ijn  ass is te n tsch a p . H e n d rik , H ara , Eric, S andra, W im , 

B art, W ou te r, Ruben en S am : be d a n k t v o o r  de leuke s a m e n w e rk in g  en o n t ­

sp a n n e n d e  m o m e n te n . O o k  m ijn  w e lg e m e e n d e  da n k  aan de andere  c o lle ­

ga ’ s van de vakg roep , he t I.N . en he t K .B .I.N ., m e t w ie  ik  t ijd e n s  a lle rle i 

o n d e rzo e ksp ro je c te n  in c o n ta c t kw am : Léon, be d a n k t v o o r je  s p in n e n g e g e ­

vens; Sam , w e m o e ten  d r in g e n d  n o g  eens vergade ren  m e t B o w m o re , en 

P atrick, jo u w  e n th o u s ia s m e  zal ik  n ie t sne l ve rge te n !

U ite ra a rd  ben ik  ook m ijn  oude rs  o n tze tte n d  da nkbaa r v o o r hun s tim u le re n d  

e n th o u s ia sm e  en hun n ie t-a fla tend e  ap p re c ia tie  v o o r m ijn  b e la n g s te llin g  in 

w a t er zoa l g ro e it en k ru ip t in d u in  en a ch te rtu in . O o k  de rest van de fa m ilie  

en s c h o o n fa m ilie  w ens ik b ij deze u itd ru k k e lijk  te  ve rm e lde n  vanwege hun 

b e g rip  [ ‘ M oe je  g ie nu  were kobben goan vangen in  de dunen ?’] en log is tie ke  

s teun  tijd e n s  en na he t ve ldw e rk  [ca te ring  is nu eenm aa l heel b e la ng rijk ].

Roxane en Kasper, ju l l ie  kom en ais laa ts te  aan bod.

Rox, ik  m o e t toe geve n , sam en leven  m e t een d o o r sp in n e n  g e in tr ig e e rd e  

v e ld b io lo o g  is w a a rs c h ijn li jk  n ie t a lt ijd  even g e m a kke lijk . Je h e b t da t goed 

gedaan !

Kasper, te n s lo tte , j i j  ‘v e rp lic h tte ’ m ij om  de n o d ig e  o n ts p a n n in g  te  ne m en, 

hoew el da t d a a rom  ’ s na ch ts  ech t n ie t hoe fde  hoor...

B edank t v o o r ju l l ie  s teu n , lie fde  en he t goede gevoel da t ju l l ie  m e gaven III

D ries  B onte , 26 ja n u a ri 2 0 0 4
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O bjective and outline  o f  the thesis

T h is  Ph.D . s tu d y  c o n tr ib u te s  to  th e  ‘N a tu re  m a nage m en t m o n ito rin g  p ro ­

g ra m m e  o f  the  Belgian coasta l dunes’ [19 96 -200 2 ]. Th is  p ro g ra m m e  is based 

on a m u lt id is c ip lin a ry , in te g ra te d  ap p roa ch . The th re e  m a in  research e n t i­

tie s  p a r t ic ip a tin g  in th is  p ro g ra m m e  are th e  La b o ra to ry  o f  S o il Science and 

T e rres tria l E co logy U n it o f  G h e n t U n iv e rs ity  and th e  In s t itu te  o f  N a tu re  

C o n se rva tio n  [S ection  Landscape E co logy and N a tu re  M a n a g e m e n t]. The 

m o th e rp ro je c t w as fu n d e d  by th e  M in is try  o f  th e  F le m ish  C o m m u n ity , A M I-  

N A L , d e p a rtm e n t N a tu re  and in it ia lly  [1996-1999] co fin a n ce d  by th e  LIFE- 

p ro je c t ‘ In te g ra te d  C oasta l C o n se rva tio n  In it ia tiv e  [IC C I]’ . The  p r im a ry  a im  

o f  th e  m o n ito r in g  p ro g ra m m e  is to  eva lua te  th e  re su lts  o f  th e  ap p lie d  

n a tu re  m a n a g e m e n t m easures, esp ec ia lly  g ra z in g  by d o m e s tic  lives tock , in 

th e  coasta l dunes , b u t a d d it io n a l research p ro je c ts  w ere  s ta rted  up  in th e  

T e rres tria l E co logy U n it o f  G h e n t U n iv e rs ity  as an ex te ns ion  o f  th is  d e s c r ip ­

t iv e  m o n ito r in g .

M y research p ro je c t, fu n d e d  by G h e n t U n ive rs ity , d id  n o t a im  to  eva lua te  

m a n a g e m e n t ac tio n s  senso s tric to  b u t had th e  o b je c tive  to  d o c u m e n t and 

p re d ic t v a r ia tio n  in s p id e r d is tr ib u t io n  in fu n c tio n  o f  a c h a n g in g  landscape , 

w h e re  g ra z in g  is a to o l to  in te rc o n n e c t and en la rge  th e  re m a in in g  grey du ne  

fra g m e n ts . D ispe rsa l be hav iou r, a key e le m e n t w ith in  sp a tia l d yn a m ics  is 

th e re fo re  s tu d ie d  w ith in  an e vo lu tio n a ry -e co lo g ica l con tex t. R esults o f  th is  

s tu d y  can be d iv id e d  in to  tw o  m a in  se c tio n s : assem blage s tru c tu re  [chapters  

11.l-l 1.4 ] and th e  e v o lu tio n a ry  eco logy o f  sp id e r d ispe rsa l [chap te rs  III.1 -III.8 ]. 

B o th  pa rts  are in tro d u c e d  and d iscusse d  separate ly. A  genera l d is cu ss io n  

and c o n c lu s io n  can be fo u n d  in ch a p te r IV .i.

As th is  research p ro je c t a im s  to  address v a r ia tio n  in d is tr ib u t io n  and d is ­

pe rsa l in species fro m  p a tch ily  d is tr ib u te d  grey dunes , th e  assem b lage  

s tru c tu re  o f  sp ide rs  fro m  th is  h a b ita t type  is s itu a te d  w ith in  th e  e n tire  s p i­

d e r species c o m p o s it io n  o f  th e  coasta l d u n e  sys tem  in F landers [ch a p te r

II.2 ] and in d ic a to r  species and th e ir  level o f  sp e c if ic ity  to  th is  p a rtic u la r 

h a b ita t typ e  are ana lysed. R egional and loca l v a r ia tio n  o f  s p id e r a sse m ­

b lages fro m  coasta l grey du nes  is in ve s tig a te d  w ith in  a b io g e o g ra p h ica l and

THESIS OUTL I NE AND I NTRODUCTI ON /  ~)



e n v iro n m e n ta l fra m e w o rk  in c h a p te r II.3. W e esp ec ia lly  focu se d  on species 

d is tr ib u t io n  in re la tio n  to  th e  ge o lo g ica l [c o n n e c tiv ity  to  o th e r a ff ilia te d  

x e ro th e rm  h a b ita ts ] and d yn a m ica l cha ra c te ris tic s  o f  th e  sa m p le d  reg ions  

and pa tches.

As d isp e rsa l is c ru c ia l in s tru c tu r in g  species d is tr ib u t io n , p o p u la tio n  s tru c ­

tu re  and species ranges at large g e og ra ph ica l scales o r  w ith in  loca l p a tch ily  

d is tr ib u te d  p o p u la tio n s  [Loreau &  M o u q u e t 1999; T h o m a s  &  K un in  1999], 

w e p resen t re su lts  on its  e v o lu tio n a ry  and eco lo g ica l im p o rta n c e  in p a rt III 

o f  th is  th e s is . As illu s tra te d  by N a th a n  [2001], th e  kn o w le dge  o f  d ispe rsa l 

e v o lu tio n , m o tiv a t io n , its  e ffec t on m e ta p o p u la t io n  d yn a m ics  and species 

d is tr ib u t io n  at m u lt ip le  scales is p o o rly  u n d e rs to o d  and m a n y  q u e s tio n s  

re m a in  un so lved  o r  re q u ire  e m p ir ic a l v e r if ic a tio n . In th is  p a rt o f  th e  the s is  

w e a im  to  c o n tr ib u te  to  th e  kno w le d g e  o f  d isp e rsa l, by s tu d y in g  b o th  eco ­

log ica l and e v o lu tio n a ry  aspects o f  s p id e r d isp e rsa l in fra g m e n te d  grey 

dunes . S tud ies  w ere  p e rfo rm e d  at th e  in d iv id u a l, p o p u la tio n  and a sse m ­

b lage level. P a tte rns  o f  in te rs p e c if ic  va r ia tio n  in b a llo o n in g  d isp e rsa l and its 

e ffec t on th e  sp e c ie s ’ d is tr ib u t io n  are d o c u m e n te d  in th e  ch a p te rs  III.2

III.3 . In th e  f irs t,  w e address th e  re la tio n s h ip  be tw een h a b ita t sp e c ia lisa tio n  

and b a llo o n in g  d ispe rsa l p ro p e n s ity  and h yp o the s ise d  th a t spec ia lised  

species can be expected to  de ve lo p  lo w e r d isp e rsa l th a n  g e n e ra lis ts , as th e ­

o re tica lly  p re d ic te d  by K isdi et al. [20 02 ]. These da ta  on s p id e r b a llo o n in g  

p ro p e n s ity  w e re  used to  address th e  im p o rta n c e  o f  b a llo o n in g  d ispe rsa l ve r­

sus th e  degree o f  h a b ita t s p e c ia lisa tio n  and th e  land scape  c o n fig u ra tio n  in 

sh a p in g  species d is tr ib u t io n  pa tte rn s  [ch a p te r III.3 ].

Because lit t le  is kno w n on th e  p o ss ib le  re la tive  c o n tr ib u t io n  o f  p rena ta l 

e n v iro n m e n ta l [m a te rn a l], ge n e tic  and p o s tn a ta l e n v iro n m e n ta l e ffec ts  [d if­

fe re n t b re e d in g  c o n d it io n s  and acu te  s ta rv a tio n ] on b a llo o n in g  p e r fo rm ­

ance, w e c o n d u c te d  a G en o type  x E n v iro n m e n t s tu d y  on th e  m o n e y  s p id e r 

Erigone a tra , w h ic h  is cha rac te rised  by a s h o rt g e n e ra tio n  t im e , easy b reed ­

in g  c o n d it io n s  and a w e ll de ve lope d  aeria l d ispe rsa l [C h a p te r ¡¡¡.4].

In th e  th re e  las t cha p te rs  o f  pa rt III, th e  c o n tr ib u t io n  o f  b o th  aeria l and  c u r­

so ria l d is p e rs a l1 in m e ta p o p u la t io n  dyn a m ics  o f  th e  d u n e  w o l f  s p id e r



Pardosa m o n tico la  and in te rd e m ic  [and g e o g ra p h ica l] v a r ia tio n  in b o th  d is ­

pe rsa l m o des  w e re  s tu d ie d  w ith in  a fra g m e n te d  d u n e  land scape  w ith  p a tc h ­

es o f  d iffe re n t qua lity . In c h a p te r I I I .5, w e  in ve s tig a te d  genera l p a tte rn s  in 

p o p u la tio n  dyn a m ics  o f  th e  du ne  w o l f  s p id e r P. m o n tico la  and th e  re la tive  

im p o rta n c e  o f  c u rso ria l and aeria l d isp e rsa l fo r  pa tch  c o lo n is a tio n  and 

e x tin c tio n . P o p u la tio n -g e n e tica l v a r ia tio n  w as a d d it io n a lly  s tu d ie d  by 

a llo zym e  e le c tro p h o re s is . Because th is  m o d e l-a p p ro a ch  o n ly  reveals genera l 

p a tte rn s  and in d ire c t ev idence  on th e  im p o rta n c e  o f  d isp e rsa l, v a r ia tio n  in 

ae ria l d ispe rsa l w as s tu d ie d  m o re  in to  d e ta il in fu n c t io n  o f  th e  landscape  

and th e  m a te rn a l h a b ita t [c h a p te r 111.6], F inally, e m ig ra tio n  o f  P. m o n tico la  

by m eans o f  c u rso ria l d isp e rsa l w as s tu d ie d  in th re e  g rass land s  fro m  d if fe r ­

en t q u a lity  by p itfa ll t ra p p in g  and by d ire c t o b se rva tio n s  on o r ie n ta t io n  

b e h a v io u r at d iffe re n t d is ta n ce s  fro m  th e  pa tch  edge, w ith in  th e  m o ss -d u n e  

m a tr ix  [c h a p te r I I I .7].

The fo llo w in g  peer rev iew ed papers, o fte n  re fe rred  to  in th e  tex t, b u t no t 

in c lu d e d  in th is  th e s is  can be d o w n lo a d e d  fro m  th e  w e b s ite :

h ttp :/ /a lls e rv .U g e n t.b e /~ d b o n te /p e rs /e n g lis h a r t.h tm

B o n t e , D., H o f f m a n n , M . &  M a e lf a it , J.-P. 2 0 0 0 . Seasonal and d iu rn a l 

m ig ra tio n  pa tte rn s  o f  th e  sp id e r fau na  o f  coasta l grey dunes . Ekologia  1 9 /4  

su p p l.: 5-16.

B o n t e , D. &  M a e lfa it , J.-P. 2001. Life h is to ry , h a b ita t use and d ispe rsa l o f  a 

d u n e  w o l f  s p id e r [Pardosa m o n tico la  [CLERCK, 1757] Lycosidae, A raneae] in 

th e  F lem ish  coasta l dunes [B e lg ium ]. Belgian Jo u rn a l o f  Zoology  131: 141-153.

B o n te , D. &  M e rte n s , J. 2003. The te m p o ra l and sp a tia l re la tio n  between 

s te n o to p ic  d w a r f sp ide rs  [E rigo n inae : A raneae ] and th e ir  prey [Iso to m id a e : 

C o lle m b o la ] in coasta l grey dunes: a nu m e rica l agg rega tive  response  o r 

co m m o n  m ic ro h a b ita t pre ference? N etherlands J o u rn a l o f  Zoology  52: 243-253.

1 Dispersal by running

THESI S OUTL I NE AND I NTRODUCTI ON /  9

http://allserv.Ugent.be/~dbonte/pers/englishart.htm


Spiders as a model for bio-indication and the  evolutionary ecolo­
gy o f  dispersal

As ta x o n o m ic  g ro u p , sp id e rs  are good  can d id a te s  fo r  b io - in d ic a t io n , 

because th e y  fo rm  a species rich  g ro u p , in h a b it in g  a ll k inds  o f  te rre s tr ia l 

e cosystem s [M a e lfa it &  Baert 1988a,b; M a e lfa it 1996; M a re  e t al. 1999; 

M a e lfa it et a l., in  p ress]. A d d it io n a lly , each species has its  o w n , w e ll-d o c u ­

m e n te d , sp e c if ic  d e m a n d s  c o n c e rn in g  h u m id ity , te m p e ra tu re  re g im e , l it te r  

and ve g e ta tio n  s tru c tu re . T h is  m eans th a t s lig h t changes in h a b ita t q u a lity  

p o te n tia lly  cause s ig n if ic a n t changes in th e  c o m p o s it io n  o f  th e  s p id e r 

a ssem b lage . Vice versa, sm a ll changes in th e  s p id e r c o m p o s it io n  o f  a h a b i­

ta t m ay in d ic a te  changes in th e  q u a lity  o f t h a t  h a b ita t. A  p ra c tica l reason to  

use sp id e rs  as b io - in d ic a to rs , is th a t th e y  are easy to  sa m p le  in a s ta n d a rd ­

ised m anner, at a re la tive ly  lo w  co s t [p itfa ll t ra p p in g ]. B io -in d ic a tio n  at th e  

level o f  th e  e co lo g ica l assem b lage  can address d iffe re n ce s  in species d iv e r­

sity, species a b unda nce , th e  o ccu rre n ce  o f  endang e re d  species [Red lis t: 

M a e lfa it et al. 1998] and th e  fu n c tio n a l g ro u p  c o m p o s it io n  [M a re  et al.

1999]. A t th e  level o f  p o p u la tio n s  o f  in d iv id u a l species, b io - in d ic a tio n  deals 

esp ec ia lly  w ith  e v o lu tio n a ry  eco lo g ica l aspects, in w h ic h  in te rd e m ic  v a r ia ­

t io n 2 in life  cycle p a tte rn s  and o th e r fitn e ss  re la ted  cha ra c te ris tic s  are 

a ddressed . M o re  in fo rm a t io n  on th e  use o f  sp id e rs  as b io - in d ic a to rs  o f  

h a b ita t q u a lity  and a n th ro p o g e n ic  d is tu rb a n c e  in F landers  is p ro v id e d  by 

M a e lfa it et al. [in press].

The a v a ila b ility  o f  b a ckg ro u n d  in fo rm a t io n  on h a b ita t cha ra c te ris tic s  o f  s p i­

ders enab les  us to  p re d ic t changes th a t can be adverted  by m a n a g e m e n t 

a c tio n s , th e ir  q u ick  and fa ir ly  co n s ta n t re sponse  to w a rd s  [a n th ro p o g e n ic ] 

stress and changes in th e  e n v iro n m e n t. To ge th e r w ith  th e ir  easy s ta n d a rd ­

ised s a m p lin g , sp id e rs  m e e t th e  c rite ria  o f  eco lo g ica l in d ic a to rs  [senso D ale 

&  Beyeler 2001]. H ence , sp id e rs  can be used as e co lo g ica l in d ic a to rs  to  

assess th e  c o n d it io n  o f  th e  e n v iro n m e n t, to  p ro v id e  an early  w a rn in g  s igna l 

o f  changes in th e  e n v iro n m e n t, o r  to  d ia g n o se  th e  cause o f  e n v iro n m e n ta l 

p ro b le m s  and are use fu l fo r  b io - in d ic a tio n .
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B io -in d ic a tio n  a t th e  p o p u la tio n  level is im p o r ta n t w ith in  an e v o lu tio n a ry  

eco lo g ica l fra m e w o rk  and enables us to  assess [o ften  ad ap tive ] v a r ia tio n  in 

Iife -h ¡s to ry  tra its  in fu n c t io n  o f  a c h a n g in g  e n v iro n m e n t, o ften  in d u ce d  by 

h u m a n  a c tiv itie s . Illu s tra tiv e  is e.g. th e  e v o lu tio n a ry  eco lo gy  o f  m e ta l re s is t­

ance in a w o l f  sp id e r [see H e n d ric k x  2003] and th e  p o te n tia l ad a p tive  v a r ia ­

t io n  o f  re p ro d u c tiv e  o u tp u t, age at m a tu r ity  and d isp e rsa l p ro p e n s ity  in 

fu n c tio n  o f  q u a lity  and s ize  o f  p a tch ily  d is tr ib u te d  h a b ita ts . In th is  th e s is , 

w e fo cu s  on tw o  d iffe re n t d isp e rsa l m e th o d s  and h o w  the se  are a ffec ted  by 

h a b ita t fra g m e n ta tio n  and th e  re la ted  d e g ra d a tio n  o f  its  qua lity . S p iders  are 

go od  to o ls  fo r  e vo lu tio n a ry -e co lo g ica l research o f  d ispe rsa l because p h e n o ­

ty p ic  v a r ia tio n  in bo th  ae ria l and c u rso ria l d ispe rsa l can be ob served  in th e  

fie ld . A lso  advan ta geo us  are th e  re la tive ly  s im p le  s ta n d a rd ise d  re a rin g  c o n ­

d it io n s  in m a ny  species and th e  d ire c tly  m e asu ra b le  fitn e ss  c o m p o n e n t in 

species th a t gu a rd  o r  carry  th e ir  eggsac. In te re s t in g  in s tu d y in g  aeria l d is ­

pe rsa l b e h a v io u r [b a llo o n in g ] is th e  o ccu rren ce  o f  b e h a v io u ra l a d a p ta tio n s  

in p re p a ra tio n  o f  th e  " f l ig h t ”  [t ip to e  and d ro p p in g  b e hav iou r], w h ic h  can 

eas ily  be observed  in a te s t c h a m b e r [see cha p te rs  111.1 -111.8 o f  th is  th e s is ]. 

Based on be h a v io u ra l o b se rva tio n s , p re d ic tio n s  can be m a de  on th e  d is p e r­

sal p ro p e n s ity  o f  the se  species and th e  e n v iro n m e n t can be “ m a n ip u la te d ”  

in  th e  lab in o rd e r to  s tu d y  th e  p o te n tia l e v o lu tio n a ry  and eco lo g ica l m e ch a ­

n is m s  a c tin g  on va r ia tio n  o f  th is  typ ica l d isp e rsa l m o de .

2 Variation between demes, here variation between populations
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Grey dunes w ith in  a changing coastal dune e c o s y s t e m 3

G rey d u ne , kno w n as “f ix e d  coasta l dunes w ith  herbaceous vegeta tion" 

in c lu d e s  A tla n tic  m o ss  d o m in a te d  du nes  [m a in ly  Tortu la ru ra lis ] as w e ll as 

d u n e  g rass land  [w ith  a d is t in c t  o rg a n ic  so il layer] b e lo n g in g  to  th e  C ladonio- 

Koelerie ta lia  in case o f  l im e  rich  g rey d u n e  and to  th e  Trifolio-Festucetalia  

ovinae  in case o f  de ca lc ifie d  grey du nes . The m a in  d if fe re n tia t in g  processes 

are re la ted  to  dune fix a t io n , so il fo rm a t io n  and vegetation deve lopm ent. These 

processes are c lose ly  in te ra c tin g  and each act w ith in  a sp e c if ic  s p a tio te m - 

po ra l d im e n s io n  [P ro vo o s t e t al. 20 02 ].

D une  fix a tio n  im p lie s  a decrease in aeo lian  a c tiv ity  and s ta b ilis a tio n  by ve g ­

e ta tio n  [Jungerius 1990]. R h izom e  fo rm in g  p la n ts  like  A m m o p h ila  arenaria  

and Festuca ju n c fo l ia ,  w h ic h  a ccu m u la te  sand and p e rs is t o n ly  u n d e r aeo­

lian d yn a m ics , p lay an im p o r ta n t pa rt and  are assu m ed  to  be an im p o r ta n t 

n itro g e n  sou rce  in early  stages o f  grey d u n e  d e v e lo p m e n t [decay ing  m a te ria l 

fro m  tusso cks  o f  A m m o p h ila  arenaria  fo r  exam p le ]. Th is  in it ia l du n e  s u b ­

s tra te  is n o t very h o s p ita b le  fo r  p la n t g ro w th . D ro u g h t s tress is caused by 

c lim a to lo g ic a l, g e o m o rp h o lo g ic a l and pe d o lo g ica l fa c to rs . G rey d u n e  s u r­

face in B e lg iu m , exposed to  th e  sun  can heat u p  to  m o re  th a n  6o°C  and 

so ils  can d ry  d o w n  to  2 0  cm  deep  [A ggenbach & J a lin k  1999]. A d d it io n a lly , 

th e  e ffec t o f  w a te r repe llence , caused by so il o rg a n ic  m a tte r, is an u n d e re s ti­

m a ted  fa c to r  o f  d ro u g h t [A m pe  1999]. T h is  d ro u g h t s tress re g im e  can 

s tro n g ly  re ta rd  ve g e ta tio n  success ion  and so il d e ve lo p m e n t.

B ut even u n d e r the se  ex trem e ly  harsh c o n d it io n s , biom ass p roduc tio n  can 

take  p lace at th e  early  m oss d u n e  stages. Th is  is th e  key e le m e n t in so il 

d e v e lo p m e n t as h u m u s  c o llo id s , p ro d u ce d  by d e c o m p o s it io n  o f  o rg a n ic  

m a tte r, increase m o is tu re  re te n tio n  and n u tr ie n t a va ila b ility . S o il and vege­

ta t io n  processes are h ig h ly  in te rw o ve n  in th e  early  s tages o f  grey du ne  

d e v e lo p m e n t and re p rese n t a c lass ic  exam p le  o f  in te rn a l succe ss io n  a cco rd ­

in g  to  th e  re so u rce -ra tio  m o d e l [T ilm a n  1985]. Th is  ve g e ta tio n  d e v e lo p m e n t 

occu rs  m a in ly  in th e  rh izo sp h e re  and is d rive n  by c o m p e tit io n  fo r  w a te r and 

n u tr ie n ts . A c c o rd in g  to  S lings [1994], grass ro o ts  are a m a in  sou rce  o f

3 After Provoost et al. 2002 and Provoost, in press

4 Expansion o f  thick grassland vegetation, mainly Calamagrostis epigejos
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o rg a n ic  m a tte r  in grey d u n e  so ils . Veer &  K o o ijm a n  [1997] fo u n d  th a t ro o t 

and  m o ss  b io m a ss  each are tw ice  as large as th e  above g ro u n d  va scu la r 

p la n t b io m a ss , so p ro b a b ly  m osses p lay  an im p o r ta n t ro le  in fu r th e r  su c ­

cess ion  as w e ll. Soil h u m id ity  is, how ever, th e  m o s t im p o r ta n t fa c to r in b io ­

m ass p ro d u c t io n  and so il d e ve lo p m e n t.

Several processes co u n te ra c t th is  h u m u s  a c c u m u la tio n . In yo u n g  m oss 

d u nes , phys ica l h u m u s  e ro s io n  can be s u b s ta n tia l, b u t in s tab le  g rass land , 

m a in  losses o f  so il o rg a n ic  m a tte r  are caused by b io ch e m ica l d e c o m p o s i­

t io n .  B io tu rb a tio n  a d d it io n a lly  en fo rce s  d e c o m p o s it io n  and m in e ra lis a t io n , 

as d o c u m e n te d  fo r  an ts  [D e k o n in c k  &  B on te  2 0 02 ; B on te  et al. 2003e]. 

S tab ilised  du n e  so ils  deca lc ify  due to  c o n tin u o u s  ch a lk  leach ing . A t t im e  o f  

d e p o s it io n , th e  sand is s lig h tly  ca lcareous [up  to  8 %  CaCO ^] th a n ks  to  

she ll fra g m e n ts  [D e p u yd t 1972]. D u rin g  so il d e v e lo p m e n t, h u m ic  ac ids are 

re leased and en fo rce  lea ch in g  o f  C aCO^ D e ca rb o n a tio n  o f  grey d u n e  so ils  

is aga in  s low ed  do w n  by m o b ilis a t io n  o f  ca lca reous sand, o fte n  a fte r b io tu r ­

b a tio n . W eeda [1992] a lso con s id e rs  ‘sand sp ray ’ , a s lig h t sand a cc re tio n , as 

an im p o r ta n t and c h a ra c te r is tic  na tu ra l cause o f  re ca lc ifica tio n . A c c o rd in g  

to  th e  la tte r, th is  process p reven ts  so il a c id if ic a tio n  and enhances d e c o m ­

p o s it io n  and m in e ra lis a t io n  o f  o rg a n ic  m a te ria l in d u n e  g rass land s .

In n a tu ra l du n e  sys tem s, fine -sca led  so il processes as m e n tio n e d  above, 

phys ica l d e s tru c tio n  by b lo w in g  sand and [in ve rte b ra te ] h e rb ivo ry  m ig h t be 

s u ff ic ie n t to  p reserve  grey du n e  ve g e ta tio n  and its  c h a ra c te ris tic  species, at 

least w ith in  an e p hem e ra l p a tte rn . B u t a t p resen t, s u b s ta n tia l re m ova l o f  

p la n t b io m a ss  seem s esse n tia l fo r  su s ta in a b le  d u n e  g rass land  d e v e lo p ­

m e n t. C oasta l d u n e  ve g e ta tio n  in B e lg ium  and m a ny  o th e r  E uropean c o u n ­

tr ie s  evo lve  in one  d ire c tio n  to w a rd s  coarse  g rass land  w ith  C alam agrostis  

epigejos, A venu la  pubescens o r A rrh ena the ru m  elatius, sc ru b  w ith  H ippophae  

rham no ides, L igustrum  vulgare  o r  S alix  repens and w o o d la n d  [van T il et al 

2 0 0 2 , P rovo os t & V a n  La nduy t 2001]. C rass e n c ro a c h m e n t4  is p ro b a b ly  

s tim u la te d  by a tm o s p h e ric  d e p o s it io n  b u t once  es ta b lish e d , grass d o m in a t­

ed ve g e ta tio n  is h ig h ly  s e lf-m a in ta in in g  due  to  an increased n itro g e n  m in e r­

a lis a tio n  [K o o ijm a n  et al. 1998, V eer &  K o o ijm a n  1997]. S crub  exp ans ion  is 

m a in ly  caused by d ra s tic  changes in land use. U p  to  th e  m id d le  o f  th e  2 0 ^
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cen tury, liv e s to ck  g ra z in g  w as c o m m o n  in Belg ian du nes  and sh ru b s  and 

trees w e re  ha rvested  fo r  fu e l. These a c tiv itie s  kep t th e  grey d u n e  area fa r 

above th e  na tu ra l p o r tio n  w ith in  th e  coasta l eco sys tem . C ra z in g  and m o w ­

in g  can m a in ta in  ve g e ta tio n  s tru c tu re  and s low s do w n  [b u t does n o t s to p ] 

succe ss io n  [D e Raeve 1989]. A lso , t ra m p lin g  and d u n g  d e p o s it io n , in te ra c t 

in th e  p rocess o f  so il d e v e lo p m e n t. The n a tu ra l processes described  above 

can lead to  m o d e r h u m u s , w hereas in s itu a tio n s  w ith  live s to ck  g ra z in g  a 

m u llm o d e r  h u m u s  is fo rm e d  [S lings 1994, A gge nba ch  Sk-Jalink 1999], G rey 

du nes  are as a re su lt s itu a te d  in th e  d ry  c o m p o n e n t o f  th e  stressed du ne  

landscape , w h e re  eco lo g ica l dyn a m ics  are re la ted  to  an e q u ilib r iu m  betw een 

to p  do w n  re g u la tin g  stress fa c to rs  and b o tto m  up  o rg a n is a tio n  [xerosere 

ve g e ta tio n  d e v e lo p m e n t] [F ig . I . i[ .  They d e ve lop  th ro u g h  success ion  and fo l ­

lo w in g  fix a tio n  o f  h a b ita ts  fro m  th e  d y n a m ic  land scape  [m o b ile  and sem i- 

m o b ile  b lo n d  d u nes ] o r  by n a tu ra l o r  h u m a n - in d u c e d  [m a n a g e m e n t] reg res­

s ion  fro m  h a b ita ts  in th e  d ry zo n e  o f  th e  u n c o n s tra in e d  land scape  [sh rub - 

and w o o d la n d ].
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Fig. I.i : Schematic representation o f  the evolution o f  the three defined landscape types in the coastal dunes o f  

Flanders and along the North Sea [Provoost et al. 2003]. Grey dunes are situated w ith in  the stressed landscape.

5 Sand spray; Sand blowing dynamics
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A t th e  land scape  level, d is tr ib u t io n  o f  grey dunes is l im ite d  to  d ry o r  m o d e r­

a te ly  m o is t zones w ith in  fixed  dunes . As m o s t o f  th e  d u n e  ridges a lo n g  th e  

F le m ish  coast w ere  s t ill m o b ile  som e  decades ago, o n ly  yo u n g  m oss dunes 

are fo u n d  in the se  zon es . Fixed d u n e  g rass land  w ith  a d is t in c t so il p ro file  is 

l im ite d  to  in te rm e d ia te  e leva tions  w ith in  la rge du ne  slacks o r t o  re lie f-p o o r 

in n e r du nes . S tress fa c to rs  fo rm  a n o th e r d e te rm in a n t fa c to r  in grey dune 

d is tr ib u t io n . A e o lic  e ffe c ts5 fo r  exam p le , w ill o n ly  take  p lace in th e  v ic in ity  o f  

m o b ile  d u nes . H e rb iv o ry  p ressu re  is re la ted  to  ra b b it d e n s ity  and p resen t- 

day o r  h is to r ic a l live s to ck  g ra z in g . In D u tch  dunes , an e ffec t o f  a g ric u ltu ra l 

ac tiv itie s  re la ted  to  sea v illages  is re flec ted  in ve g e ta tio n  and species c o m ­

p o s it io n  [S lings 1994] b u t th is  is n o t observed  a lo n g  th e  B elg ian coast.

A lo n g  th e  w es te rn  p a rt o f  th e  B elg ian coast, th e  grey d u n e  area decreased 

fro m  730 to  350 ha s ince  th e  f ift ie s , m a in ly  due  to  u rb a n is a tio n  and sc rub  

e n c ro a ch m e n t. In a d d it io n , grey dunes are su b je c t to  in te rn a l d e g ra d a tio n  

due to  th e  grass e n c ro a ch m e n t m e n tio n e d  above. D ue to  the se  e lem en ts , 

grey du nes  o c c u r p a tc h ily  and have in genera l sm a ll areas. U n til now, th is  

e v o lu tio n  w as n o t a cco m p a n ie d  by a d ra s tic  de c lin e  in th e  to ta l n u m b e r o f  

grey d u n e  p la n t species. H ow ever, th e re  is an a p p a re n t q u a lita tiv e  s h ift 

to w a rd  a less sp e c if ic  f lo ra , a m o n g s t o th e rs  because o f  ga rden  escapes o f  

exo tic  species [P ro vo o s t & V a n  La nduy t 2001]. In a r th ro p o d s  [g rassho ppe rs  

O edipoda caerulescens, S tenobothrus stigm aticus, b u tte rf lie s  H ippa rch ia  

semele, Issoria la tto n ia , d ig g e r w a sp  B em bix rostra ta  and sp id e rs  Alopecosa 

fa b rilis , Pardosa m o n tico la , Xysticus sabulosus] grey d u n e  fra g m e n ta tio n  in f lu ­

ences pa tch  occu p a n cy  p a tte rn s  because o f  d e c reas in g  h a b ita t q u a lity  

a n d /o r  h ig h e r e x tin c tio n  dyn a m ics  w ith o u t re cu rre n t c o lo n is a tio n  [B on te  &  

M aes, u n p u b . da ta ; B on te  et a l. 2003c]. These species, h a v in g  d iffe re n t d is ­

persa l a b ilit ie s , o c c u r as a re su lt in a p a tchy  p o p u la tio n  s tru c tu re  [H an sk i 

1999] o r  a m e ta -p o p u la tio n  s tru c tu re  [H a rr is o n  1991; H ansk i 1999]. In 

p a tch ily  s tru c tu re d  p o p u la tio n s , in d iv id u a ls  m ove  free ly  a m o n g  h a b ita t 

pa tches, w h ile  in th e  seco nd , m o s t in d iv id u a ls  s tay  in a s in g le  pa tch  d u r in g  

th e ir  e n tire  life , b u t d is p e rs in g  in d iv id u a ls  enhance  s tro n g  c o lo n is a tio n - 

e x tin c tio n  d yn a m ics . Th is  re su lts  in a p o p u la tio n  s tru c tu re  in w h ic h  su ita b le  

pa tches re m a in  vacan t. As sho w n  fo r  th e  d u n e  w o l f  s p id e r Pardosa m o n tico ­

la, o ccu pancy  pa tte rn s  w ith in  m e ta p o p u la t io n  are o ften  d e p e n d e n t on th e  

s ize o f  th e  fra g m e n t [see ch a p te r I I I .5; Fig. 1.2].
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Fig. I.2: Patch occupancy frequency [never, once and tw ice occupied patches during two survey years] in the 

w o lf  spider Pardosa monticola in grey dune patches o f  different sizes.

T h is  de c lin e  o f  a t least re g iona l b io d iv e rs ity  urges m anage rs  to  take  active  

n a tu re  m a n a g e m e n t m easures. R em oval o f  sc ru b  and w o o d la n d , m o w in g  

and g ra z in g , have p roven  to  be a p p ro p ria te  to o ls  in d u n e  g rass land  re s to ra ­

t io n . W e ll-d o cu m e n te d  exam ples  o f  m a n a g e m e n t schem es are ava ilab le  fo r  

th e  D u tch  du nes  [e.g. A n nem a &  Jansen 1998] and th e  LI FE in it ia t iv e  a t the  

S efton  coa s t in th e  U K [H o u s to n  et al. 2001]. In B e lg ian d u nes , a ro u n d  15 

ha o f  sc ru b  have been rem oved  and c u rre n tly  nearly  350 ha are grazed 

[H e rr ie r  &  K illem aes 1998a,b [. M o w in g  is o n ly  very loca lly  used fo r  grey 

d u n e  m a n a g e m e n t.
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A ssem b lages o r c o m m u n itie s  are c o m m o n ly  used te rm s  in d e fin in g  pa tte rn s  

o f  co -e x is tin g  species. A  species c o m m u n ity  is com p o se d  o f  in d iv id u a ls , 

w h ich  in te ra c t in processes o f  m u tu a lis m , p a ra s itis m , p re d a tio n  and c o m p e ­

t it io n  [Begon et al. 199 6 ]. W h ile  c o m m u n ity  eco logy m a in ly  focuses on the  

w ay in w h ic h  species are d is tr ib u te d  in na tu re , th e  ways th e y  are in flue nced  

by in te ra c tio n s  and th e  physica l focu s  o f  th e ir  e n v iro n m e n t, assem blages are 

m o re  genera lly  s tu d ie d  in o rd e r to  describe  species g ro u p s , o c c u rr in g  in d i f ­

fe re n t o r s im ila r  h a b ita ts . A ssem b lages are as a re su lt loca l sn a p sh o ts  o f  a 

s p a tio te m p o ra l f lu id  sys tem , h a v in g  no s ta tus  as d is t in c t b io lo g ica l e n titie s  

and hence d e p e n d e n t o f  spe c ie s ’ life  h is to ry  p a tte rn s , d ispe rsa l capac ities  

and e n v iro n m e n ta l c o n s tra in ts  [H engeve ld  &  H e m e rik  20 02 ].

The species ’ n iche  bread th  is th e  m o s t im p o rta n t p ro p e rty  in s tru c tu r in g  the  

assem blage. H u tc h in s o n ’s n iche  theory, m e ta p o p u la t io n  th e o ry  and source- 

s in k  th e o ry  co m b ined , p ro v id e  a so lid  concep tu a l fra m e w o rk  fo r  th e  s tud y  o f  

species d is tr ib u t io n  pa tte rn s  [P u lliam  1988; H ansk i 1998; H ansk i 1999a,b; 

P u lliam  2 0 0 0 ]. The e m p ir ica l v e r if ica tio n  o f  th is  fra m ew ork , however, rem a ins  

s u rp r is in g ly  scan t [P u lliam  2 0 0 0 ] and species o ften  prove absen t fro m  ‘s u it ­

ab le h a b ita t’ [as p red ic ted  by th e  m o d ifie d  H u tc h in s o n ’s « -d im e n s io n a l n iche 

con cep t; H u tc h in s o n  1957] and presen t in ‘ less su ita b le ’ one  [P u lliam  2 0 0 0 ]. 

Species assem blages are hence n o t separated by c lear and sharp  bounda ries , 

and do  n o t exist as de finab le  un its , ce rta in ly  n o t fo r  m o b ile  o rg a n ism s  in h e t­

e rogeneous landscapes w here  edge effects enhance th e  occu rrence  o f  

species o u ts id e  th e ir  fu n d a m e n ta l n iche . Fundam enta l n iches m ay even 

change in tim e , as show n fo r  bu tte rf lie s  a t expand ing  range m a rg in s  i f  c lim a - 

to lo g ic a l c o n d it io n s  change [Thom as et al. 2001], due  to  a d iffe re n t response 

to w a rd s  th e  use o f  resources. Species assem blages are as a re su lt va riab le  in 

space and tim e , bu t va ria tio n  w ith in  th e  e n tire  species assem blage and 

between de fined  g roups  can be s tu d ie d  by ap p ly ing  a p p ro p ria te  s ta tis t ics .

A c c o rd in g  to  P ianka [1994], p a tte rn s  o f  species d iv e rs ity  and species c o m ­

p o s it io n  can h yp o th e tic a lly  be exp la ined  by va r io u s  m e ch a n ism s , o fte n  fu n c ­

t io n in g  in a d e p e n d e n t way. The p o te n tia l re levan t m e ch a n ism s  at th e  local 

scale o f  o u r  s tu d y  are:
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Ecological tim e : th e  t im e  needed by a species to  c o lo n ise  new ly  opened  

o r  re m o te ly  areas o f  su ita b le  h a b ita t. E specia lly  species cha rac te rised  by 

p o o rly  de ve lope d  d isp e rsa l are expected to  be absen t in su ita b le  h a b ita t.

S pa tia l heterogeneity: as th e  s tru c tu ra l c o m p le x ity  o f  th e  h a b ita t in c re a s ­

es, th e  a v a ila b ility  o f  m ic ro h a b ita ts  increases. S p a tia lly  he te ro gen eous  

h a b ita ts  are hence expected to  s u p p o rt m o re  species th a n  h o m o g e n e o u s  

ones.

P r o d u c t iv i t y m o re  p ro d u c tiv e  h a b ita ts  are cha rac te rised  by a h ig h e r 

re sou rce  [prey] a v a ila b ility  and  hence a llo w  g re a te r d ie ta ry  sp e c ia lisa tio n  

th a n  do  less p ro d u c tiv e  h a b ita ts . U n p ro d u c tiv e , b u t p re d ic ta b le  h a b ita ts  

on th e  o th e r hand can fa v o u r th e  p resence o f  h ig h ly  spe c ia lised  species.

[M ic ro jc lim a tic  s ta b ility  and  p re d ic ta b ility : e x p lo ita tio n  o f  e n v iro n m e n ts  

w ith  un s ta b le  and u n p re d ic ta b le  c lim a te s  o fte n  re q u ire  th a t species have 

b road  to le ra n c e  l im its  to  cope w ith  th e  w id e  range o f  e n v iro n m e n ta l c o n ­

d it io n s  th e y  e n coun te r. S tab le  and p re d ic ta b le  h a b ita ts  are expected to  

c o n ta in  h ig h e r species d ivers ity .

D isturbance7: de p e n d e n t on th e  m a g n itu d e  o f  th e  d is tu rb a n ce , species 

assem blages can be over- o r u n d e rsa tu ra te d . D ive rs ity  is enhanced by 

m o d e ra te ly  fre q u e n t d is tu rb a n ce s , bu t ex trem e ly  fre q u e n t d is tu rban ces  

can d ra m a tic a lly  reduce d ivers ity , as p re d ic te d  by th e  In te rm ed ia te  

D isturbance Hypothesis. Species, o c c u rr in g  in h igh ly  d is tu rb e d  h a b ita ts  w ill 

as a re su lt be cha racte rised  by a b road n iche  sp e c tru m  [genera lis ts ] o r a 

n a rro w  n iche  b read th  [spe c ia lis ts ], lin ked  to  th e  m o de  o f  d is tu rb a n ce .

6 The rate at which biomass is produced per un it area by plants [Begon et a i  1996]

7 An event that removes organisms and opens space which can be colonised by individuals o f  the same or different species 

[Begon et ai. 1996]
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Research on fa u n a l species c o m p o s it io n  in th e  F le m ish  coasta l dunes has 

a lready been p e rfo rm e d  on ca rab id  beetles [D e se n d e r e t al. 1992; D esen de r

1996], e m p id id  and d o lic h o p o d id  flie s  [P o lle t &  G ro o ta e rt 1996] and b re e d ­

in g  b ird s  [B on te  e t a l. 20 01b]. A d d it io n a l in fo rm a t io n  on th e  b io d iv e rs ity  

a lo n g  th e  F le m ish  coa s t can be fo u n d  in P rovo os t &  B on te  [in press[a ][. In 

genera l, v a r ia tio n  in species assem b lages can be exp la ined  by v a r ia tio n  in 

th e  ve g e ta tio n  s tru c tu re  o r  success ion  stage and h u m id ity . In te re s t in g , bu t 

la rge ly  un answ ered  q u e s tio n s  are w h e th e r n a tu ra l sand d yn a m ics , one  o f  

th e  m o s t typ ica l a b io tic  cha ra c te ris tic s  o f  th e  F le m ish  coasta l dunes , in f lu ­

ence species d is tr ib u t io n  and h o w  v a r ia tio n  in species c o m p o s it io n  a lte rs  in 

fu n c tio n  o f  an in c re a s in g  fra g m e n ta tio n  o f  th e  h a b ita t. The increased fra g ­

m e n ta tio n  ra te o f  grey du n e  and th e  a cco m p a n ie d  re d u c tio n  o f  its  area, as a 

re su lt o f  an increased u rb a n iz a tio n  and sh ru b  e n c ro a c h m e n t [H e r r ie r &  

K illem aes 1998a,b], is u n til n o w  n o t a cco m p a n ie d  by a d ra s tic  de c lin e  in th e  

g lo b a l n u m b e r o f  g rey d u n e  p la n t species. H ow ever, th e re  is an a p p a re n t 

q u a lita tiv e  s h ift to w a rd  a less sp e c if ic  f lo ra , a m o n g s t o th e rs  because o f  ga r­

den escapes o f  exo tic  species [P ro vo o s t &  Van Landuyt 2001]. Typ ical grey 

d u n e  b u tte rf lie s  have be com e  e x tin c t o r  very rare [M aes & V a n  Dyck 2001] 

and 95%  o f  th e  typ ica l d u n e  ca rab id  beetles are in c lu d e d  in th e  F le m ish  Red 

L is t [D e se n d e r et al. 1995].

In co n tra s t to  h ig h e r p la n ts  [S tiepe raere  1980], th e  F le m ish  coasta l dunes 

are cha rac te rised  by p a u c ity  o f  a r th ro p o d  species, c o m p a re d  to  in la n d  

x e ro th e rm  h a b ita ts  and coasta l du nes  in th e  n e ig h b o u rin g  c o u n tr ie s  

[M a e lfa it e t a l. 2 0 0 0 ; Zegers 2001; B on te  et al. 2 0 0 2 c ]. T h is  lo w e r species 

richness  is be lieved to  re su lt fro m  th e  typ ica l yo u n g  and d yn a m ic  landscape  

d e v e lo p m e n t. W e can hence expect th a t species have experienced d if f ic u l­

tie s  in c o lo n is in g  th e  coasta l re g ion  o f  F landers , and th a t e n v iro n m e n ta l 

d yn a m ics  have enhanced  c o n tin u o u s  e x tin c tio n  p rocesses, in w h ic h  species 

w ere  unab le  to  su rv ive . T h is  in c o n tra s t to  m a ny  h ig h e r p la n t species, w h ich  

are ab le  to  su rv ive  u n s u ita b le  c o n d it io n s  in t im e  by p e rs is te n t seed banks 

[M u rre n  et al. 2001]. D ispe rsa l a b ilit ie s  in space and t im e  are hence p o te n ­

t ia l d e te rm in a n ts  o f  species assem b lages in th e  F lem ish  coasta l dunes.
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In chapter 11.2, w e analyse th e  s tru c tu re  o f  th e  s p id e r assem b lage  in th e  

F le m ish  coasta l dunes . The analys is  is based on da ta fro m  m o re  th a n  170 

p itfa ll ye a r-ro u n d  s a m p lin g  ca m p a ig n s  fro m  th e  1970s o n w a rd s  p e rfo rm e d  

by sc ie n tis ts  at G h e n t U n ive rs ity , th e  In s t itu te  o f  N a tu re  C o n se rva tio n  

[B russe ls ] and th e  Royal B e lg ian In s t itu te  o f  N a tu ra l Sciences [B russe ls ]. As 

g rey dunes , a ve g e ta tio n  type  cha rac te rized  by a x e ro th e rm  species c o m p o ­

s it io n , are e x trem e ly  fra g m e n te d  s ince  th e  second  h a lf  o f  th e  2 0 ^  cen tury, 

species c o m p o s it io n  w as in ve s tig a te d  m o re  in d e ta il in fu n c tio n  o f  th e  

pa tch  size.

The s p id e r assem b lages o f  the se  grey du nes  w ere  a d d it io n a lly  c o m p a re d  to  

th o s e  fro m  th e  B o u lo n n a is -re g io n  and th e  N e th e rla n d s  [chapter II.3]. Since 

grey d u n e  h a b ita ts  in the se  re g ions  are loca ted  in o ld e r d u n e  landscapes, 

w h ic h  are con nec te d  to  s tru c tu ra lly  s im ila r  h a b ita ts  [re spec tive ly  cha lk  

g rass land s  and h e a th la n d ], w e  hyp o th e s ise d  th a t d iffe ren ces  in species r ic h ­

ness co u ld  be a ttr ib u te d  to  c o n n e c tiv ity  and th e  age o f  th e  landscape . We 

also addressed w h e th e r coasta l aeo lian  dyn am ics , ab sen t in  th e  N e th e rla n d s  

du n e  reg ion , in flu e n ce  th e  species c o m p o s it io n  o f  grey dunes.
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Abstract
A n analysis o f  the  sp ider assemblage s truc tu re  and  the  presence o f  in d ica to r  

species in  the  F lem ish coasta l dunes is presented. The analysis is based on da ta  

f ro m  m ore th a n  170 p it fa ll year-round sa m p ling  cam paigns fro m  the  ic¡yos 

onwards. We were ab le to  f in d  in d ica to r species f o r  a lm o s t a ll iden tified  habita ts. 

The assemblages are struc tu red  by va ria tion  in vegetation s truc tu re  [succession], 

a tm ospheric  and so il h u m id ity  and  the  presence o f  b o th  n a tu ra l and  a n th ro ­

pogenic d isturbance. In  the  fra g m e n te d  hab ita ts  [grasslands and  grey dunes], a 

c lear re la tionsh ip  was fo u n d  between the  m ean h a b ita t size and  the  s ta b ility  o f  

the  assemblage com position . M o re  de ta iled  studies on the  species-area re la tion ­

ship o f  spiders in moss d o m in a te d  dunes and  short grasslands ind ica ted  th a t  

to ta l species num bers do n o t increase as a fu n c t io n  o f  the  p a tch  size. The to ta l 

n u m b e r o f  typ ica l species is, however, h igher in  la rger patches. These results in d i­

cate h igher edge influences in  sm a ll patches and the  im po rtance  o f  m ic ro h a b ita t 

va ria tion  [w h ich  should  be h igh e r in large patches], or, m in im a l p o p u la tio n  size 

f o r  the  presence o f  cha racte ris tic  species in  these h a b ita t patches.

Keywords: A raneae, in d ic a to r  species, h a b ita t s ize, species-area re la tio n s h ip

S p i d e r  a s s e m b l a g e  s t r u c t u r e  a n d  s t a b i l i t y  i n  a  h e t e r o g e n e o u s  c o a s t a l  d u n e  s y s t e m  [ B e l g i u m ]  /  2 3



In troduction
C oasta l du nes  in E urope have been th e  sub je c t o f  several s p id e r species 

c o m p o s it io n  s tu d ie s  and revealed th a t th e  species c o m p o s it io n  is very ty p i­

cal due  to  th e  p resence o f  m a ny  rare and th re a te n e d  species. E specia lly  in 

N o rth e rn  [A lm q u is t 1973] and W este rn  E urope [D u ffe y  1968; Bell e t al.

1998], s tu d ie s  have been c o n d u c te d . C arab id  beetle  [D e se n d e r et al. 1992; 

D esender, 1996], and d o lic h o p o d id  flie s  [P o lle t &  G ro o ta e rt 1996] have also 

been s tu d ie d  in th e  F lem ish  coasta l dunes . Th is  k ind  o f  genera l in fo rm a t io n  

is necessary fo r  th e  asse ssm en t o f  th e  co n se rva tio n  va lue  o f  h a b ita ts  in 

F landers and E urope. G enera l assem b lage  d e s c r ip tio n s  to g e th e r  w ith  m o re  

d e ta iled  kn o w le dge  o f  landscape -leve l eco lo g ica l re la tio n s h ip s  such as 

m u lt i-h a b ita t use [B on te  e t al. 2 0 0 0 a ], c o lo n iz a tio n  a b ilit ie s  [B on te  et al. 

1998], p o p u la tio n  gene tics  [D e se n d e r et al. 1998], p o p u la tio n  d yn am ics  

[D e se n d e r 1996; Baert &  D esen de r 1993], m in im a l p o p u la tio n  s izes and 

p o p u la tio n  s tru c tu re  sh o u ld  be in te g ra te d  in n a tu re  co n se rva tio n  po licy.

S ince th e  b e g in n in g  o f  th e  2 0 ^  ce n tu ry  th e  to ta l area o f  u n b u ilt  coasta l 

du nes  in F landers [B e lg iu m ] d im in is h e d  fro m  a p p ro x im a te ly  6 0 0 0  ha to  

less th a n  38 0 0  ha [V erm eersch  1986]. The F le m ish  du nes  are cha rac te rised  

by an ove ra ll increase o f  c o m p e tit iv e  p la n t species like  Sea B u ck th o rn  

H ippophae  rham noides, B urn e t Rose Rosa p im p in e llifo lia  and W ood  S m all 

Reed C alam agrostis epigejos, due  to  th e  re trea t o f  loca l d u n e  fa rm e rs  a fte r 

W W  II and a decrease o f  th e  ra b b it p o p u la tio n  due  to  m yxo m a to s is  and 

V H S  v ira l d iseases. T h is  sh ru b  and grass e n c ro a c h m e n t is p o ss ib ly  t r ig ­

gered by a tm o s p h e ric  N -d e p o s it io n  and enhanced by p o s it iv e  feedbacks in 

th e  n itro g e n  cycle [Veer 1997] by th e  in c re a s in g  coverage o f  n itro g e n -fix a tin g  

Sea B u ck th o rn . The so il n itro g e n  and m in e ra l c o n te n t w ill in flu e n ce  th e  

tro p h ic  s ta tu s  o f  th e  ve g e ta tio n , w h ic h  is s tro n g ly  re la ted  to  th e  a m o u n t o f  

o rg a n ic  c o m p o n e n ts  in th e  u p p e r so il layer [K ra b b e n b o rg  et al. 1983]

C u rre n t h a b ita t m a n a g e m e n t is d ire c te d  to  th e  co n se rva tio n  and re s to ra tio n  

o f  w e t, he rbaceous g rass land s  in d u n e  valleys and s tab le  m e so p h y tic  g rass ­

lands th ro u g h  large-sca le  re m o va l o f  sh ru b , fo llo w e d  by g ra z in g  by d o m e s ­

t ic  ho rses and ca ttle . In th is  c o n tr ib u t io n , w e w ill f irs t  de fin e  th e  in d ic a to r  

sp id e r species fo r  a ll o f  th e  d u n e  h a b ita ts  by th e  ana lys is  o f  p itfa ll-d a ta  as a 

to o l fo r  fu tu re  m o n ito r in g  and in ve s tig a te  w h ic h  pa ram e te rs  in flu e n ce  th e
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V aria tion  in species c o m p o s it io n . S ince a c ru c ia l q u e s tio n  in h a b ita t re s to ra ­

t io n  is th e  e ffec t o f  pa tch  area on th e  p resence o f  typ ica l species [s te n o to p ic  

species], th e  species-area re la tio n s h ip s  fo r  tw o  fra g m e n te d  h a b ita t types are 

a d d it io n a lly  in ve s tig a te d .

M ethods
D ata collection

The to ta l assem b lage  analys is  is based on da ta  fro m  m o re  th a n  178 p itfa lls , 

w h ic h  w ere  lin e a rly  p laced in a ll k inds  o f  d u n e  h a b ita ts  in th e  F lem ish  

coasta l dunes d u r in g  an e n tire  year, fro m  th e  1970s o n w a rd s  [H u b lé  1975; 

H u b lé  1976; Van B ie rv lie t 1978; H u b lé  &  M a e lfa it 1981; Baert &  D esen de r 

1993; M a e lfa it 1993; B on te  &  H e n d ric k x  1997; B on te  et al. 1999; Baert et 

a l., u n p u b . da ta ]. In each s a m p lin g  s ta t io n  [ro w  o f  p itfa ll tra p s  w ith in  one 

ha b ita t], th re e  to  five  tra p s  w ere  re g u la rly  p laced, w ith  a d is ta n ce  o f  5-10 

m e te r be tw een each p itfa ll [the  tra p s  are g lass ja m  ja rs  w ith  a d ia m e te r o f  

9.5 cm , fille d  w ith  a 10%  fo rm a lin e  s o lu t io n ]. A ll d u n e  h a b ita t types w ere  

sa m p le d  s ince  1975 and in to ta l m o re  th a n  6 5 0 0 0  a d u lt sp id e rs  w ere  id e n t i­

fie d , re s u lt in g  in da ta  on th e  p resence o f  214 d iffe re n t species. V o u ch e r 

sp e c im e n s  are d e p o s ite d  at th e  Royal B e lg ian In s t itu te  o f  N a tu ra l Sciences 

in B russe ls . O f  the se , 159 species w ere  ca u g h t w ith  m o re  th a n  five  in d iv id u ­

als and can th u s  be co n s id e re d  as re s id e n t species and n o t as rare vag ran ts  

[cfr. M a e lfa it &  B aert 1988a]. The sa m p le d  ve g e ta tio n  types, th e  d o m in a n t 

p la n t species and th e  n u m b e r o f  used p itfa ll tra p s  are lis ted  in Table I I .2-1.

C om m unity  structure and Indicator species

The c o m m u n ity -s tru c tu re  is in d ire c tly  d e te rm in e d  v ia  D e trende d  

C o rre sp o n d e n ce  A na lys is  [H ill 1979a] w ith  th e  da ta fro m  th e  separa te  p it ­

fa lls . O n ly  th e  m o re  a b u n d a n t species w ere  taken  in to  a cco u n t fo r  th e  o rd i 

n a tio n  ana lys is . Th is  m e th o d o lo g y  reveals a m u lt id im e n s io n a l o rd e r in g  o f  

th e  sam p les  [here tra p s ] based on th e ir  species c o m p o s it io n  s im ila r ity  in
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Type Indicative plant species number o f  

pitfa ll-traps

Dune woodland Trees : Alnus glutinosa, Acer pseudoplatanus 3
High, woody shrubs Shrubs: Crataegus monogyna, Hippophae rhamnoides 13
Thick hum id Calamagrostis 

grasland Grass: Calamagrostis epigejos 20

Vital hum id Sea-buckthorn- 

Liguster scrubs Shrubs : Hippophae rhamnoides, Salix repens, Ligustrum 

vulgare io

Wet eutrophic open dune valleys Sedges and grasses: Juncus subnodulosus, Carex riparia, 

Iris psudacorus 6

Thick dry Arrhenatereum grassland Grasses: Arrhenatherium elatius, Avenula pubescens 13
Dry Sea buckthorn shrub 

[in grassland mosaics] Shrub: Hippophae rhamnoides 6

Dwarf scrubs Dwarf-shrub: Rosa pimpinellifolia 18

Wet mesotrophic open dune 

valleys Sedges and grasses: Juncus subnodulosus, Carex trinervis, 

C. flacca 12

Short grazed mesophytic 

grasslands Grasses and herbs: Luzula campestris, Galium verum, 

Avenula pubescens, Koeleria albescens 15
Wet o ligotrophic dune valleys Grasses and sedges: Juncus articulatus, Carex trinervis IO

Marram dunes Grass: Ammophila arenaria 9
Moss dom inated dry oligotrophic 

dunes [Grey dunes] Mosses, annual herbs and grasses: Tortula ruralis ram iform is  

Aira praecox, Erodium cicutarium, Corynephorus canescens 29

Bare sand dunes grass: Festuca rubra arenaria 9
Anthropogenic disturbed sand 

dunes herb: Cirsium arvense 5

Table 11.2-1 - Characterisation and total number o f  pitfall-data from the sampled dune habitats
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w h ic h  tra p s  w ith  a s im ila r  assem b lage  are c lose ly  o rde re d , w h ile  th o s e  w ith  

a c o m p le te ly  d iffe re n t species c o m p o s it io n  are o rd e r d is ta n tly . S ince h a b ita t 

ch a ra c te ris tic s  w ere  never s tu d ie d  in a s ta n d a rd ize d  w ay d u r in g  th e  several 

s a m p lin g  ca m p a ig n s , o n ly  th e  h a b ita t type  and th e  linked  b io t ic  and a b io tic  

va ria b les  w ere  in d ire c tly  used fo r  th e  analys is  o f  th e  pa ra m e te rs  s tru c tu r in g  

th e  s p id e r assem b lage . D ata on stage in ve g e ta tio n  su cce ss io n , d e p th  o f  

th e  g ro u n d w a te r level and d iffe re n t k inds  o f  d is tu rb a n c e  w e re  taken  fro m  

P rovo os t &  H o ffm a n n  [1996]. D iffe re n t k inds  o f  d is tu rb a n c e  re su lt fro m  

n a tu ra l ae o lic  dyn a m ics  [sand o v e rb lo w in g ] and a n th ro p o g e n ic  fa c to rs  due 

to  d iffe re n t in te n s ive  n a tu re  m a n a g e m e n t te ch n iq u e s  like  m o w in g  o f  the  

ve g e ta tio n  [once  o r  tw ice  a year] and g ra z in g  [yea r-round ] fo r  th e  co n se rva ­

t io n  o f  o lig o - and m e s o tro p h ic  pastu res.

W e used a TW I N S P A N -c lu s te rin g  [H ill 1979b] fo r  th e  d e te rm in a tio n  o f  th e  

d iffe re n t levels o f  assem b lage  s im ila r ity , based on th e  species c o m p o s it io n  

fro m  each p itfa ll tra p . In th is  w ay a h ie ra rch ica l o rd e r in g  is o b ta in e d , in 

w h ic h  sam p les  are d ic h o to m o u s  separa ted  at d iffe re n t levels. The sep a ra ­

t io n  a t th e  f ir s t  level s p lits  th e  sam p les  in tw o  d iffe re n t and large g ro u p s  

w ith  c o m m o n  species. The sam p les  fro m  b o th  g ro u p s  are th e n  again  sep a ­

ra ted  based on d iffe ren ces  in th e ir  species c o m p o s it io n . The to ta l d a tase t is 

in  th is  w ay d ic h o to m o u s  c lus te red  in five  levels, w he re  th e  h ig h e s t levels 

re p re se n t th e  m o s t d e ta iled  sa m p le  se p a ra tio n .

In d ic a to r  species fo r  all g ro u p s  at th e  d iffe re n t levels fro m  th e  T W IN S P A N - 

c la s s ific a tio n  w ere  d e te rm in e d  w ith  th e  In d v a l-m e th o d  [D u frê n e  &  Legendre

1997]. W ith  th is  m e th o d o lo g y , an in d ic a to r  va lue  is ca lcu la ted  f o r a  species 

in each c lu s te r g ro u p . The in d ic a to r  va lue  is ca lcu la ted  as

IN D Va  l j j =A  j j *  Bjj *  100, w h e re  A¡j =  N in d iv id u a ls ¡ j/N in d iv id u a ls ¡  and  B ¡j= N tra p s ¡j/N s ite S j.

In th is  fo rm u la  A¡j is a m e asu re  o f  g ro u p  sp e c ific ity , w h e re  N in d iv id u a ls ¡ j is 

th e  m ean n u m b e r o f  in d iv id u a ls  o f  species i across tra p s  o f  g ro u p  j and 

N in d iv id u a ls j is th e s u m  o f  th e  m ean n u m b e rs  o f  in d iv id u a ls  o f  species i 

o ve r all g ro u p s  at th a t level. B¡j is a m easu re  o f  fid e lity , w h e re  N tra p s ¡j is 

th e  n u m b e r o f  tra p s  in g ro u p  j w h e re  species i is p resen t, w h ile  N s ite s j is 

th e  to ta l n u m b e r o f  tra p s  in th a t g ro u p . A¡j is m a x im u m  w hen  species i is
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o n ly  p resen t in g ro u p  j,  w h ile  B¡j is m a x im u m  w hen  species i is p re se n t in 

all tra p s  o f  th e  g ro u p  j. A  ra n d o m  re a llo ca tio n  p ro ce d u re  o f  tra p s  a m o n g  

g ro u p s  is used to  te s t th e  s ig n ifica n ce  o f  In d V a l [500 p e rm u ta tio n s ]. Th is  

index [In d V a l] is th u s  m a x im a l w hen  all in d iv id u a ls  o f  a species are fo u n d  in 

a s in g le  g ro u p  o f  tra p s  and w hen  th e  species occu rs  in a ll tra p s  o f  th e  

g ro u p . As a con seque nce  th e  m a x im a l in d ic a to r  va lue  can be in te rp re te d  as 

a m easu re  fo r  h a b ita t spe c ific ity .

Because p itfa ll da ta  record  [species sp e c if ic ] a c tiv itie s  ins tead  o f  a b so lu te  

d e n s itie s , w e o n ly  analysed o u r da ta  by p resen ce /a b se n ce  in th e  o rd in a tio n , 

c lu s te r in g  and IndVal c a lc u la tio n . In th is  way, b ias to  d iffe re n t c lim a to lo g ic a l 

c o n d it io n s  be tw een years co u ld  be e lim in a te d .

Assem blage stability and species-area relationships

The m ean E uclidean d is ta n ce  be tw een th e  d iffe re n t axes scores fo r  p itfa lls  

fro m  th e  sam e assem b lage , as de rived  fro m  th e  m u lt i-d im e n s io n a l DCA- 

o rd in a tio n , w ere  used as a m easu re  fo r  th e  asse m b lag e  in s ta b ility . Low  

E uclidean d is ta n ce s  cha rac te rize  tra p s  th a t sa m p le d  a n a logu e  species c o m ­

p o s it io n , w h ile  tra p s  w ith  a c o m p le te ly  d iffe re n t species sh o u ld  have a h igh 

E uclidean d is ta n ce  [are o rde re d  d is ta n tly ]. Th is  d is ta n ce  m easu re  is th u s  an 

in d ic a tio n  fo r  th e  species c o m p o s it io n  s im ila r ity  be tw een tra p s  fro m  th e  

sam e assem b lage . H ig h  s im ila r it ie s  re su lt th u s  in lo w  d is ta nces  and in d i­

cate s ta b ile  species assem b lages.

D ue to  sh ru b - and grass e n c ro a ch m e n t m e s o p h y tic  s h o rt g ra ss land s  and 

h u m id  va lley  h a b ita ts  becam e fra g m e n te d  and decreased in su rface . A  

decrease o f  th e  su rface  can in flu e n ce  th e  assem b lage  s tru c tu re : espec ia lly  

fo r  sm a ll h a b ita t pa tches, th e  asse m b lag e  s ta b ility  sh o u ld  decrease because 

o f  th e  e x tin c tio n  o f  species and th e  p resence o f  typ ica l species fro m  a d ja ­

cen t h a b ita ts . T h e re fo re , w e re la ted  th e  h a b ita t [ in s ta b il i ty  to  th e  average 

surface  o f  th e  d iffe re n t fra g m e n te d  h a b ita t types as de rived  fro m  d ig itis e d  

ve g e ta tio n  m aps  [P ro vo o s t &  B onte , u n p u b . da ta ]. D iffe rences  in s ta b ility  

be tw een assem b lage  g ro u p s  w ere  assessed w ith  A na lys is  o fV a r ia n c e  and 

e la ted to  h a b ita t areas w ith  S pea rm an  c o rre la tio n s .
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For m o ss  d o m in a te s  dunes and s h o rt m e s o p h y tic  g rass land s  [fo r w h ic h  we 

have exact su rface  da ta], w e a lso  d e te rm in e d  th e  re la tio n  be tw een th e  to ta l 

n u m b e r o f  species and th e  n u m b e r o f  in d ic a to r  species, tra p p e d  in th re e  

p itfa lls , and  th e  su rface  o f  th e  sa m p le d  g rass land  pa tch . Th is  species-area 

re la tio n s h ip  w as c o rre la tive ly  s tu d ie d  w ith  Pearson co rre la tio n s  fo r  all 

species and fo r  a ll th e  in d ic a to r  species in fu n c tio n  o f  th e  area o f  th e  s a m ­

p led h a b ita t pa tch , sep a ra te ly  fo r  m o ss  d o m in a te d  du nes  and s h o rt du ne  

g rass land s .

Results
Assem blage structure

A  to ta l o f  15 s p id e r assem blages w ere  cha rac te rized  by th e  T W IN S P A N  c lu s ­

te r in g . The f irs t  d iv is io n  c lea rly  separa tes th e  e u tro p h ic  ve g e ta tio n s  fro m  

th e  m eso- and o lig o tro p h ic , s h o rt g razed h a b ita ts . The e u tro p h ic  a sse m ­

b lages are separa ted  a t th e  low es t level in  du n e  w o o d la n d s , sh ru b s , m a rs h ­

land  and dense g rass land s . The m e s o tro p h ic  and o lig o tro p h ic  h a b ita ts  are 

separa ted  w ith in  th e  second g ro u p  [F ig .II.2-1] in s h o rt, ra b b it-g raze d  g rass ­

land s , m o w n  m e s o tro p h ic  d u n e  va lleys, m o ss  d o m in a te d  dunes , d yn a m ic  

M a rra m -g ra ss  [A m m o p h ila  arenaria ] d o m in a te d  du nes  and bare dunes. 

S ig n if ic a n t in d ic a to r  species pe r c lu s te r g ro u p  [M o n te  C arlo  p e rm u ta tio n s ; 

500  ru ns ] and th e ir  in d ic a to r  va lue  are lis ted  in Table I I .2-2.

ESM AG

RGD

ESR

WS

DW

MD

M OV

Fig.ll.2-1: Dichotomous TWINSPAN clustering o f the spider composition, based on the species presence/absence 

data [abbreviations for the assemblages: see Table II.2-2]
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The o rd in a tio n -a n a ly s is  c learly  v isu a lize s  th e  asse m b lag e  s tru c tu re  a lon g  

th re e  re le van t axes. The f irs t  axis [e igenva lue  0 .6 8 9 ] separa tes th e  d iffe re n t 

sam p les  a lo n g  a ve g e ta tio n  s tru c tu re -g ra d ie n t, w he re  d u n e  w o o d la n d s  are 

p lo tte d  on th e  le ft, bare san dy  h a b ita ts  on th e  r ig h t. The second axis [e ig en ­

va lue  0.587] separa tes th e  h u m id  fro m  th e  d ry  h a b ita ts : d u n e  va lley  veg e ta ­

t io n s  [du ne  slacks] and M a rra m  dunes above and m oss d o m in a te d  dunes 

[grey dunes ] be lo w  [F ig .11.2-2]. In te re s t in g  is th e  h ig h e r p o s it io n  a lo n g  th e  

second axis o f  M a rra m  dunes near th e  seaside in c o m p a ris o n  w ith  th o se  

fro m  th e  in n e r d u n e  fro n t. T h is  s tresses th e  im p o rta n c e  o f  a tm o s p h e ric  

h u m id ity  in a d d it io n  to  so il h u m id ity  as th e  second im p o r ta n t assem b lage  

s tru c tu r in g  pa ram e te r. The th ird  re le van t axis [e igenva lue  0.383; F ig .I I .2-2] is 

assoc ia ted  w ith  n a tu ra l [w ind  in M a rra m  dunes , in u n d a tio n s  in d u n e  slacks] 

and a n th ro p o g e n ic  dyn a m ics  [esp ec ia lly  h a b ita t m a n a g e m e n t: m o w in g  &  

g ra z in g  in s h o rt grazed pa s tu re s  and d u n e  s lack  m e adow s ], w h ic h  are all 

o rde re d  in th e  lo w e r p a rt o f  th e  o rd in a tio n .

Table II.2-2 - Indicator species [Monte Carlo permutations, Pco.oi] and indicator value [IndVal] at the different 

cluster levels [See Fig.ll.2-1], with description o f the assemblage habitat characteristics

Habitat [Abbreviation] and habitat 

characteristics

Indicator species IndVal

Eutrophic vegetation [EV] Alopecosa pulverulenta [Clerck, 1757] [Lycosidae] 74-97
High, litte r rich, dense Bathyphantes parvulus [Westring, 1851] [Linyphiidae] 51.04

Dry or hum id Centromerus prudens [O.P.-Cambridge, 1873] [Linyphiidae] 60.06

Centromerus sylvaticus [Blackwall, 1841] [Linyphiidae] 87.08

Clubiona comta C.L. Koch, 1839 [Clubionidae] 23.60

Clubiona lutescens Westring, 1851 [Clubionidae] 25.71

Episinus angulatus [Blackwall, 1836] [Theridiidae] 16.85

Ero furcata  [Villers, 1789] [M imetidae] 47.03

Euryopusflavomaculata [C.L. Koch, 1836] [Theridiidae] 49-49
Floronia bucculenta [Clerck, 1757] [Linyphiidae] 27-77
Gonatium rubens [Blackwall, 1833] [Linyphiidae] 69-57
Linyphia triangularis [Clerck, 1757] [Linyphiidae] 12.94

Maso sundevalli [Westring, 1851] [Linyphiidae] 43.76

Meioneta saxatilis [Blackwall, 1844] [Linyphiidae] 46.09

Neriene clathrata [Sundevall, 1830] [Linyphiidae] 25-97
Ozyptila simplex [O.P.-Cambridge, 1862] [Thomisidae] 71.09

Pallidaphantes ericaeus [Blackwall, 1853] [Linyphiidae] 19-97
Pallidaphantes pallidus [O.P.-Cambridge, 1871] [Linyphiidae] 69.56
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Habitat [Abbreviation] and habitat 

characteristics

Indicator species IndVal

Pirata hygrophilus Thorell, 1872 [Lycosidae] 49.16

Pocadicnemis juncea  Locket &  M illidge, 1953 [Linyphiidae] 59-63
Robertas lividus [Blackwall, 1836] [Theridiidae] 74-39
Theridion bimaculatum  [Linnaeus, 1758] [Theridiidae] 33-35
Trochosa terricola Thorell, 1856 [Lycosidae] 88.01

Walckenaeria acuminata Blackwall, 1833 [Linyphiidae] 47.11

Walckenaeria atrotibialis [O.P.-Cambridge, 1878] [Linyphiidae] 93-17
Zora spinimana [Sundevall, 1833] [Zoridae] 66.94

Meso- oligotrophic vegetation

[MOV] Arctosa perita [Latreille, 1799] [Lycosidae] 63.24

Short, sparse vegetation

Rabbit grazed

Dry or hum id Haplodrassus dalmatensis [L. Koch, 1866] [Gnaphosidae] 73.01

Sandy patches Meioneta rurestris [C.L. Koch, 1836] [Linyphiidae] 34-49
Parapeneopsis nemorals [O.P.-Cambridge, 1884] [Linyphiidae] 53-85
Styloctetor romanus [O.P.-Cambridge, 1872] [Linyphiidae] 37.22

Tegenaria agrestis [Walckenaer, 1802] [Agelenidae] 24.72

Xysticus sabulosus [Hahn, 1832] [Thomisidae] 40.28

Woodland and woody shrubs [WS] Tapinopa longidens [Wider, 1834] [Linyphiidae] 19-35
High vegetation and litte r rich

Presence o f trees

[Crataegus monogyna] Walckenaeria nudipalpis [Westring, 1851] [Linyphiidae] 44.13

Dense grasslands [EG] Clubiona diversa O.P.-Cambridge, 1862 [Clubionidae] 8.09

Dense and tali grass layer Cnephalocotes obscurus [Blackwall, 1834] [Linyphiidae] 35-07
Litter-rich Enoplognatha thoracica [Hahn, 1833] [Theridiidae] 30.89

Dry or hum id Ero Cambridgei Kulczynski, 1911 [M imetidae] 11.53

Pachygnatha degeeri Sundevall, 1830 [Tetragnathidae] 71.92

Pisaura mirabilis [Clerck, 1757] [Pisauridae] 18.92

Walckenanaeria antica [Wider, 1834] [Linyphiidae] 41.61

Thermophilious grasslands [TC] Agroeca lusatica [L. Koch, 1875] [Liocranidae] 37-57
Short, no or scarce litte r Alopecosa barbipes [Sundevall, 1833] [Lycosidae] 34-59
Dry or hum id Bolyphantes luteolus [Blackwall, 1833] [Linyphiidae] 16.00

Dynamics: w ind, grazing or

mowing Centromerita concinna [Thorell, 1875] [Linyphiidae] 62.25

Walckenaeria monoceros [Wider, 1834] [Linyphiidae] 32.82

Xysticus kochi Thorell 1872 [Thomisidae] 64.91
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Habitat [Abbreviation] and habitat 

characteristics

Indicator species IndVal

Bare sand [BS]

No vegetation

Erigone longipalpis [Sundevall, 1830] [Linyphiidae] 57-14

Dune woodland [DW] 

Dominance o f  trees

Ceratinella scabrosa [O.P.-Cambridge, 1863] [Linyphiidae] 43.48

[Alnus glutinosa] Diplocephalus picinus [Blackwall, 1841] [Linyphiidae] 82.86

Litter-rich Enoplognatha ovata [Clerck, 1757] [Theridiidae] 14.29

H um id Macrargus rufus [Wider, 1830] [Linyphiidae] 19.05

Pardosa saltans Töpfer-Hofmann, 2000 [Lycosidae] 66.67

Tapinocyba insecta [L. Koch, 1869] [Linyphiidae] 56.60

Tenuiphantes zimmermanni [Betkau, 1890] [Linyphiidae] 85.19

Woody shrubs [SC] Monocephalus fuscipes [Blackwall, 1836] [Linyphiidae] 88.92

Dominance o f  Sea Buckthorn [Hippophae rhamnoides] 

and Calamagrostis epigejos 

Presence o f trees

[Crataegus monogyna] Saaristoa abnormis [Blackwall, 1841] [Linyphiidae] 44.44

Eutrophic wet dune valleys [ES] Centromerita bicolour [Blackwall, 1833] [Linyphiidae] 42.17

H um id, W inter inundations Ceratinella brevipes [Westring, 1851] [Linyphiidae] 29.78

High, dense vegetation Clubiona reclusa O.P.-Cambridge, 1863 [Clubionidae] 34.38

Dominance o f  Carex riparia Dicymbium nigrum  [Blackwall, 1834] [Linyphiidae] 63.62

Cnathonarium dentatum  [Wider, 1834] [Linyphiidae] 15.63

Pachygnatha clercki Sundevall, 1823 [Tetragnathidae] 50.86

Pardosa palustris [Linnaeus, 1758] [Lycosidae] 83.92

Pardosa pullata [Clerck, 1757] [Lycosidae] 71-79
Pirata latitans [Blackwall, 1849] [Lycosidae] 85.49

Pirata piraticus [Clerck, 1757] [Lycosidae] 42.19

Tiso vagans [Blackwall, 1834] [Linyphiidae] 71.12

Troxochrus cirrifrons [O.P.-Cambridge, 1871] [Linyphiidae] 30.95

Troxochrus scabrosa [Westring, 1851] [Linyphiidae] 34-57

Short mesotrophic grasslands [SC]

Dry or hum id [w inter indundations]

Pardosa monticola [Clerck, 1757] [Lycosidae] 53-43

Marram and moss dominated dunes

[MG] Agroeca cuprea Menge, 1873 [Liocranidae] 66.98

Sandy, scarce vegetation Drassodes cupreus [Blackwall, 1834] [Gnaphosidae] 50.05

Mainly mosses and lichens Dysdera crocata C.L. Koch, 1838 [Dysderidae] 17.81

Am m ophila arenaria- tussocks Metopobactrus prominulus [O.P.-Cambridge, 1872] [Linyphiidae] 37-83
Poeciloneta variegata [Blackwall, 1841] [Linyphiidae] 15-79
Sitticus saltator [O.P.-Cambridge, 1868] [Salticidae] 32.50

Thanatus striatus C.L. Koch, 1845 [Thomisidae] 39-97
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Habitat [Abbreviation] and habitat 

characteristics

Indicator species IndVal

Antropogenic disturbed sandy soils

[SA] Pardosa proxima [C.L. Koch, 1847] [Lycosidae] 57-14
Bare sand, human activities

Dense shrubs [DS] Agyneta subtilis [O.P.-Cambridge, 1847] [Linyphiidae] 29.70

Dominance o f  Hippophae

rhamnoides and Ligustrum vulgare Congylidium rufipes [Linnaeus, 1758] [Linyphiidae] 61.78

Microneta varia [Blackwall, 1841] [Linyphiidae] 24.48

Ozyptila praticola [C.L. Koch, 1837] [Thomisidae] 31-43
Pholcomma gibbum [Westring, 1851] [Theridiidae] 11.54

Walckenaeria cucculata [C.L. Koch, 1836] [Linyphiidae] 43.50

Degradating Shrub [CS] Agyneta decora [O.P.-Cambridge, 1871] [Linyphiidae] 10.77

Shrub with open patches, colonisée

by Calamagrostis epigejos Ceratinella brevis [Wider, 1834] [Linyphiidae] 22.00

H um id Kaestneria pullata [O.P.-Cambridge, 1863] [Linyphiidae] 41-95

Wet rough litter rich vegetation

[ESR] Clubiona phragmites C.L. Koch, 1843 [Clubionidae] 35-71
Rough, eutrophic vegetation

Inundations, no management Xysticus u lm i [Hahn, 1831] [Thomisidae] 16.67

Dry dense grasslands-shrub mosaics

[AC] Agyneta conigera [O.P.-Cambridge, 1863] [Linyphiidae] 11.48

Mosaics o f  low shrubs and

Avenula-grassland Hahnia nava [Blackwall, 1841] [Hahniidae] 31-79
Dry, no management Metellina mengei [Blackwall, 1870] [Tetragnathidae] 14.29

Maso gallicus S imon, 1894 [Linyphiidae] 20.21

Philodromus cespitum [Walckenaer, 1802] 17-54

High dwarf shrubs [RP] Alopecosa cuneata [Clerck, 1757] [Lycosidae] 28.18

Dominance o f  Rosa pimpinellifolia

and Arrhenaterium elatius Heliophanus flavipes [Hahn, 1832] [Salticidae] 26.67

High grass layer Xysticus erraticus [Blackwall, 1834] [Thomisidae] 36.42

Presence o f litte r Trachyzelotes pedestris [C.L. Koch, 1837] [Gnaphosidae] 27.78

Mesotrophic dune valleys [MS] Arctosa leopardus [Sundevall, 1833] [Lycosidae] 33-79
Dominance o fJuncus subnodulosus Clubiona trivialis C.L. Koch, 1843 [Clubionidae] 36 .ll

Yearly mowed Collinsia innerans [O.P.-Cambridge, 1885] [Linyphiidae] 20.00

W inter inundations Erigone arctica [White, 1852] [Linyphiidae] 65.51

Erigone promiscua [O.P.-Cambridge, 1873] [Linyphiidae] 74-74
Prinerigone vagans [Audouin, 1826] [Linyphiidae] 56.45

S p i d e r  a s s e m b l a g e  s t r u c t u r e  a n d  s t a b i l i t y  in  a  h e t e r o g e n e o u s  c o a s t a l  d u n e  s y s t e m  [ B e l g i u m ]  /  3 3



Habitat [Abbreviation] and habitat 

characteristics

Indicator species IndVal

CongYlidiellam vivum [O.P.-Cambridge, 1875] [Linyphiidae] 39.46

Oedothorax apicatus [Blackwall, 1850] [Linyphiidae] 41-59
Oedothorax fuscus [Blackwall, 1834] [Linyphiidae] 74.22

Oedothorax retusus [Westring, 1851] [Linyphiidae] 58.23

Short Mesoptrophic grasslands

[RC] Thyphochrestus digitatus [O.P.-Cambridge, 1872] [Linyphiidae] 42.21

wet [inundating] o r dry, rabbit grazed

Marram dunes [MD] Clubiona frisia  W underlich & S chuett, 1995 [Clubionidae] 75-41
Dominance o f  Marram grass

[Ammophila arenaria] Clubiona subtilis L. Koch 1867 [Clubionidae] 31.07

Strong w ind dynamics, close to

the sea Micaria pulicaria [Sundevall, 1831] [Gnaphosidae] 55-56

Scarce vegetation Porrhomma microphthalmum  [O.P.-Cambridge, 1871] [Linyphiidae] 14.81

Tibellus maritimus  [Menge, 1875] [Thomisidae] 18.52

Trochosa ruricola [De Geer, 1778] [Lycosidae] 28.70

Moss dominated dunes &  Marram

dunes near the inner dune front

[CD] Alopecosa fabrilis  [Clerck, 1757] [Lycosidae] 20.85

Dominance o f  lichens and mosses Micaria dives [Lucas, 1846] [Gnaphosidae] 18.97

Scarce Marram grass vegetation Walckenaeria stylifrons [O.P.-Cambridge, 1875] [Linyphiidae] 30.38

Near inner dune front Zelotes longipes [L. Koch, 1866] [Gnaphosidae] 66.70

Dry mesotropic grasslands [RCD] Pelecopsis parallella [Wider, 1834] [Linyphiidae] 35.81

Rabbit grazed, short grass layer

Dominance o f  Luzula campestris Trichopterna cito [O.P.-Cambridge, 1872] [Linyphiidae] 45.98

Inundating mesotrophic grasslands

[RCI] Cheiracanthium virescens [Sundevall, 1833] [Clubionidae] 51-43
Inundating, short Carex-vegetation Lepthothrix hardyi [Blackwall, 1850] [Linyphiidae] 26.98

Presence o f Creeping w illow

[Salix repens] Xerolycosa m iniata [C.L. Koch, 1834] [Lycosidae] 64.55
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Stability o f  assem blages from  oligo- and m esotrophic habitats and species- 

area relationships

The assem b lage  s ta b ility  d iffe rs  be tw een th e  d iffe re n t d is tin g u is h e d  s p id e r 

assem b lages fro m  o lig o - and m e s o tro p h ic  h a b ita ts  [Bare sand [BS], m o w n  

e u tro p h ic  valleys [ESM ], M oss d o m in a te d  dunes [C D ], M a rra m  dunes [M D ], 

M e s o p h y tic  du ne  slacks [M S ], D ry m e s tro p h ic  g rass land s  [R C D ] and in u n ­

d a tin g  m e s o tro p h ic  g rass land s  [R C I] [one w ay-A N O V A , 2=11.403, 

P < o .o o i[ .  The s ta b ility  is s ig n if ic a n tly  d iffe re n t be tw een th e  assem b lage  

g ro u p s  BS, ESM, C D , M D  and th e  assem b lages o f  M S, RCI, R CD , bu t 

d o e s n ’t  d if fe r  w ith in  th e  tw o  g ro u p s . C o rre la tio n  w ith  average pa tch  size is 

nearly  s ig n if ic a n t [S pea rm an R=-o.750, P =o.052[ and in d ica te s  th a t a sse m ­

blages fro m  sm a ll h a b ita ts  te n d  to  be m o re  d ive rse  in species c o m p o s it io n . 

The species-area re la tio n s h ip  o f  th e  to ta l n u m b e r o f  species and th e  to ta l 

n u m b e r o f  s p e c if ic  [in d ic a to r] species in fu n c tio n  o f  th e  area o f  m o ss  d o m i­

na ted du n e  and s h o rt d u n e  g rass land  pa tches is illu s tra te d  in F ig .I I .2-3. The 

re la tio n  be tw een pa tch  size and to ta l n u m b e r o f  species is n o t s ig n if ic a n t 

fo r  e ith e r th e  m oss d o m in a te d  o r  th e  s h o rt d u n e  g ra ss land s  [F ig .II.2-4: 

Pearson c o rre la tio n , r= o .2 o ; P >o.05 [. The n u m b e r o f  re s id e n t in d ic a to r  

species h o w e ve r is h ig h e r in  la rge pa tches in b o th  ve g e ta tio n  types [F ig .I I .2- 

4 : Pearson c o rre la tio n  fo r  m o ss  du nes : r= o .87 , P < o .o i and fo r  d ry  m e sop- 

tro p h ic  d u n e  g rass land s : r= o .93 , P < o .o i[.
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Fig.ll.2-3: Assemblage instability offragmented grassland and dune valley habitats [mean Euclidean distance o f 
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■ All species moss dune (r=0.06) □ Indicator species moss dune (r=0.87”)
♦  All species grassland (r=0.19) <$> Indicator species grassland (r=0.93”)
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Fig.ll.2-4: Species-area relationship for all species and indicator species caught on moss dominated dry dunes and 

short grasslands from different sizes [Spearman correlation, *: Pco.oi].

Discussion

O u r re su lts  in d ic a te  th a t a lm o s t all du n e  sys tem  h a b ita t types are ch a ra c te r­

ized by th e  p resence o f  in d ic a to r  species, d e p e n d e n t on th e  c lu s te r level. 

D esen de r [1996] d e m o n s tra te d  w ith in  th is  fra m e w o rk  th a t typ ica l du ne  

species s h o w  s tro n g  yea r-to -year f lu c tu a tio n  in th e ir  p o p u la tio n  s ize  [o r 

tra p p in g  e ffic ie ncy ]. T h is  v a r ia tio n  co u ld  la rge ly  be exp la ined  by v a r ia tio n  in 

c lim a to lo g ic a l va ria b les . W e be lieve th a t th e  fa c t th a t sam p les  w e re  take n  in 

d iffe re n t years is an advan tage  fo r  th e  id e n tif ic a t io n  o f  in d ica to r-sp e c ie s  

based on th e  In d ica to rV a lu e  m e th o d , s ince  in th is  w ay tu rn -o v e r  events due 

to  d iffe re n t m e te o ro lo g ic a l c o n d it io n s , w h ic h  re su lt in th e  e x tin c tio n  o f  ty p i­

cal species [as d e m o n s tra te d  by Baert &  D esen de r 1993; C a jd o s  &  Toft 

2 0 0 0 ], are n e g lig ib le . W e used even o n ly  ab se n ce /p re se n ce  da ta, so tru e  

in d ic a to rs  th a t are a lways p re se n t [ in d e p e n d e n t o f  th e ir  yea rly  a c tiv ity ] are 

u n a m b ig u o u s ly  id e n tif ie d , w h ile  d iffe re n ce  in a c tiv itie s  [and th u s  ab so lu te  

tra p p in g  n u m b e rs ] is neg lec ted .
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Besides yea r-to -year f lu c tu a tio n s , species assem b lages can vary  as a fu n c ­

t io n  o f  h a b ita t c o n d it io n s  and land scape  s tru c tu re . O u r  ana lys is  is based on 

an extended da ta se t fro m  h a b ita ts  o f  d iffe re n t s ize  and fro m  d iffe re n t la n d ­

scape c o n fig u ra tio n s , so th e  d e te rm in e d  in d ic a to r  species can be used as 

b io - in d ic a to rs  fo r  fu tu re  m o n ito r in g  o f  th e  co n d u c te d  n a tu re  m a n a g e m e n t 

in b o th  open  [d o m in a n c e  o f  g rass land s , M a rra m  d u nes ] and [sh ru b  d o m i­

na ted ] c losed  d u n e  landscapes.

T h a t fa c t th a t th e  v a r ia tio n  in species assem blages can be exp la ined  by v a r i­

a tio n  in th e  ve g e ta tio n  s tru c tu re  o r  success ion  stage is n o t s u rp r is in g  and 

has been d o c u m e n te d  several t im e s  in o th e r  s tu d ie s  on in ve rte b ra te  a sse m ­

b lages [sp id e rs : D u ffe y  1968 ; A lm q u is t  1973, ca rab id  beetles: D esen de r et al. 

1992; E m p id id  and d o lic h o p d id  flie s : P o lle t &  G ro o ta e rt 1996]. O u r  s tu d y  

in d ica te s  th e  im p o rta n c e  o f  a tm o s p h e ric  and so il h u m id ity  as a second 

im p o r ta n t assem b lage  s tru c tu r in g  c o m p o n e n t, s ince  w e t ve g e ta tio n  types 

are c learly  separa ted  fro m  d ry  ones, and M a rra m  du nes  near th e  sea-side 

w e re  separa ted  fro m  th o se  o f  d r ie r m o re  in la n d  du nes . In d ica tive  fo r  the  

im p o rta n c e  o f  a tm o s p h e ric  h u m id ity  is th e  p resence o f  species fro m  du ne  

va lleys [C lub iona fr is ia  and C. subtilis ] in M a rra m  du nes  near th e  seaside are, 

w h ile  th e y  are c o m p le te ly  absen t fro m  th e  sam e h a b ita t nea r th e  in n e r du ne  

fro n t [1-2 km  fro m  th e  seaside], w h e re  a tm o s p h e ric  h u m id ity  is s ig n if ic a n tly  

lo w e r [P ro vo o s t &  H o ffm a n n  1996]. The sam e p h e n o m e n o n  [de fined  as 

d o u b le  eco lo g ica l o ccu rren ce ] has a lso  been d o c u m e n te d  by D u ffey  [1968] 

in  B ritish  coasta l d u nes . A  th ird  im p o r ta n t a b io tic  sou rce  o f  v a r ia tio n  is 

de fin e d  here as h a b ita t d is tu rb a n ce . The th ird  axis separa tes s tab le  h a b ita ts  

w ith o u t  d is tu rb a n c e  [w o o d la n d , sh ru b s , d w a r f sh ru b s , ro u g h  p e rm a n e n t 

g rass land s ] fro m  h a b ita ts  w ith  h igh  na tu ra l d is tu rb a n c e  [ in u n d a tio n s : w e t 

open d u n e  slacks; ae o lic  d yn a m ics : M a rra m  du nes , bare dunes ] and a n th ro ­

p o g e n ic  d is tu rb a n c e  [g ra z in g  and m o w in g  m a n a g e m e n t]. These h a b ita ts  are 

cha rac te rized  by rude ra l species like  Erigone atra, E. dentipalp is, E. arctica, 

O edotho rax fuscus, O. retusus, O. ap ica tus  and B athyphantes gracilis  w h ic h  are 

all s h o rt- liv in g , have a ra p id  ju v e n ile  d e v e lo p m e n t and a w e ll-d e ve lo p e d  ba l­

lo o n in g  d ispe rsa l capacity.
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Th is  da ta  ana lys is  is based o n ly  on th e  p resence o f  a d u lt sp ide rs . E arlie r 

s tu d ie s  have in d ica te d  th a t species typ ica l fo r  open h a b ita ts  like  s h o rt 

g rass land s  and m o ss  d o m in a te d  d ry  du nes  [grey dunes ] need p ro x im a te  

pa tches o f  dense and lit te r-r ic h  ve g e ta tio n  fo r  th e ir  ju v e n ile  d e v e lo p m e n t 

a n d /o r  re trea t d u r in g  u n fa vo u ra b le  pe rio d s  in th e ir  m a tu re  life -s tage  [B on te  

e t al. 2 0 0 0 a ,b [. Th us , h a b ita t v a r ia tio n  can s tro n g ly  a lte r th e  p resence o f  

sp id e r species b o u n d  to  the se  dense ve g e ta tio n  pa tches fo r  th e ir  ju ve n ile  

d e v e lo p m e n t. A lth o u g h  n o t d o c u m e n te d  fo r  s p id e r  p o p u la tio n s , a m in im a l 

pa tch  area can d e te rm in e  th e  p resence o f  v ia b le  p o p u la tio n  s ize [1999a]. In 

b o th  cases, an in c re a s in g  pa tch  area sh o u ld  a ffec t th e  sp id e r assem b lage  

d ire c tly  because pa tch  area in flu e n ce s  th e  p o p u la tio n  s ize o r  in d ire c tly  

because an in c re a s in g  pa tch  size enhances in te rn a l m ic ro h a b ita t v a r ia tio n . 

O u r  re su lts  on th e  assem b lage  level s h o w  th a t th e  s ta b ility  o f  s p id e r a sse m ­

blages in p a tchy  h a b ita ts  de pend s  on th e  m ean pa tch  area, in d ic a tin g  th a t 

d iffe ren ces  in th e  sp id e r assem b lage  vary m o re  in na tu ra l sm a ll ha b ita ts  

th a n  in la rg e r ones. Edge effects  in sm a ll h a b ita ts  can a lte r th e  s p id e r 

assem b lage  d ra m a tica lly , because o f  a h ig h e r p resence o f  typ ica l species 

o u t o f  th e  s u r ro u n d in g  ve g e ta tio n . T h is  is c e rta in ly  tru e  fo r  m o ss  d o m in a t­

ed dunes and s h o rt g rass land s : to ta l species n u m b e rs  do  n o t d if fe r  in fu n c ­

t io n  o f  th e  pa tch  size w h ile  th e  n u m b e r o f  in d ic a to r  species s ig n if ic a n tly  

increases w ith  an in c re a s in g  pa tch  size. A n e xp la n a tio n  o f  th is  species-area 

re la tio n s h ip  c a n n o t be g iven w ith o u t fu r th e r  research on b o th  in te rn a l n iche  

he te ro g e n e ity  and m in im a l p o p u la tio n  s izes. E specia lly  v a r ia tio n  in so il c o n ­

d it io n s  can exp la in  th e  ag g re g a tio n  o f  s o il-d w e llin g  a r th ro p o d s  like  s p r in g - 

ta ils  C ollem bola  [B on te  &  M e rte n s , u n p u b . da ta ]. S ince the se  are th e  m a in  

prey fo r  typ ica l ju v e n ile  w o l f  sp id e rs  and a d u lt d w a r f sp id e rs , a la rg e r pa tch 

size can a lte r th e  to ta l n u m b e r o f  in d ic a to r  species in d ire c tly  by th e  p res­

ence o f  a h ig h e r in te rn a l n iche  v a r ia tio n . For th e  s tu d y  o f  m in im a l pa tch  

s ize and re la ted  p o p u la tio n  s ize, m o re  d e ta iled  s tu d ie s  are h o w e ve r needed 

on m e ta -p o p u la tio n  d yn a m ics , based on th e  survey o f  a h ig h e r n u m b e r o f  

h a b ita t pa tches.
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Abstract
This study a im s to de term ine  the  underly ing  causes o f  loca l and  reg iona l p a t­

terns o f  va ria tio n  in  sp ider assemblages fro m  coasta l grey dunes, especially 

w he the r eco logical tim e  constra ins the  species com pos ition  in young and  iso la t­

ed grey dunes habita ts . The study was conducted in coasta l dunes fro m  

N o rth e rn  France [Boulonna is, Nord-Pas-de-Calais], B e lg ium  [F lem ish coasta l 

dunes] and  the  N etherlands [A m ste rdam  W ate r Supply dunes and Dunes fro m  

the  P rovincia l W ater C om pany N o rth -H o lla n d ']. Spiders were collected w ith  p i t ­

f a l l  traps in  28 grey dune patches in the  fo u r  investigated areas. Species com po­

s ition  and  e n v ironm en ta l pa ram eters [vegetation structure, distance to  the  sea 

a nd  the  patch-edge, aeolic dynam ics, lim e  richness] were de term ined. 

Assemblage com pos ition  was re la ted to  the  reg iona l and  loca l e n v ironm en ta l 

fa c to rs  w ith  the  P rim e r software package to  de te rm ine  the  assem blage-deter­

m in in g  param eters. Differences in  species presence were analysed in  fu n c tio n  o f  

th e ir  h a b ita t preference and d is tr ib u tio n  range.

Differences in grey dune sp ider assemblage s truc tu re  can m a in ly  be a ttr ib u te d  to  

differences in  loca l sand dynam ics and  the  region. Species fro m  d yn am ic  dunes 

are m a in ly  present in  grey dunes fro m  B elg ium  and  France, w h ile  species fro m  

non -du na l xe ro the rm ic  h a b ita ts  [cha lk  grasslands and  he a th lan d ] occur in  bo th  

the  B oulonnais  and  the  N o rth  H o lla n d  dune region. These species are absent 

f ro m  geolog ica lly young h a b ita ts  and fro m  the  F lem ish coasta l dunes, w hich are 

iso lated fro m  o th e r xero the rm  habita ts . O u r d a ta  show th a t reg iona l va ria tion  

in  sp ider assemblage com pos ition  results f ro m  loca l landscape characteristics  

[dynam ics in  the  dune area], the  la titu d e  and  the  connectiv ity  to  non -du na l 

xero the rm ic  habita ts . The s trong  and  m odera te  geologica l iso la tion  o f  dune  

areas f ro m  respectively the  Flem ish coast and  the  A m ste rdam  W ater Supply  

dunes results in  the  absence o f  [a t least som e] species th a t are p r im a rily  bound  

to  hea th lan d  a n d /o r  cha lk  grassland. This indicates the  im po rtance  o f  ecological 

t im e  f o r  the  assemblage structure . The lim ite d  dispersal capacity  o f  the  absent 

species is p robab ly  the  m a jo r reason f o r  th is  paucity.

Keywords: b iog eog rap hy , x e ro th e rm  species, sand d yn a m ics , h e a th la n d , ch a lk  g rass land
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In troduction
G rey du ne , kno w n as “ Fixed coasta l du nes  w ith  he rbaceous ve g e ta tio n ”  in 

th e  C O R IN E  b io to p e  c la ss ifica tio n  [N a tu ra  2 0 0 0 ], is m o s t re ad ily  de fined  

u s in g  p la n t species c o m p o s it io n . V e ge ta tion  in c lu d e s  A tla n tic  m oss d o m i­

na ted  du nes  [m a in ly  Tortu la rura lis] as w e ll as du n e  g rass land  [w ith  a d is ­

t in c t  o rg a n ic  so il layer] b e lo n g in g  to  th e  C ladonio-K oe lerie ta lia  assem b lage  in 

case o f  l im e  rich  grey d u n e  and to  th e  Trifo lio-Festuceta lia  ovinae  assem b lage  

in case o f  de ca lc ifie d  g rey du nes  [P ro vo o s t et al. 2 0 0 2 ]. E co log ica lly , grey 

du nes  can be d e fined  s im p ly  as th e  d ry  c o m p o n e n t o f  th e  “ s tre sse d ”  du ne  

landscape , w he re  eco lo g ica l dyn a m ics  are c o n tro lle d  by c lim a to lo g ic a l 

s tress  and xe rosere  p ro g re ss io n . The m a in  d iffe re n tia t in g  processes are 

re la ted  to  d u n e  fix a tio n , so il fo rm a tio n  and ve g e ta tio n  d e v e lo p m e n t 

[P ro vo o s t &  H o ffm a n n  1996; A gge nba ch  Sd.Jalink 1999],

G rey du ne  succe ss io n  is in it ia te d  by f ixa tio n  o f  sand by m a in ly  Carex arenar­

ia  ro o ts  and d rive n  by th e  c o m p le x  o f  so il fo rm a tio n  [h u m u s  a c c u m u la tio n ] 

and  ve g e ta tio n  d e v e lo p m e n t. Leach ing  and m o b ilis a t io n  o f  C aCO^ c o m p li­

cate th e  p ic tu re  and are im p o r ta n t in  n u tr ie n t d yn a m ics . B u t at p resen t, 

ro u g h  grass- and sc ru b  e n c ro a c h m e n t g rea tly  o ve rru le  the se  fine -sca led  so il 

processes and cause s u b s ta n tia l loss o f  re g iona l b io d iv e rs ity  [P ro vo o s t et al. 

2 0 0 2 ]. D ue to  th is  e n c ro a ch m e n t, grey dunes are n o w  heav ily  fra g m e n te d  

and p a tc h ily  d is tr ib u te d  w ith in  a m a tr ix  o f  dense d u n e  ve g e ta tio n  [sh rubs, 

dense g rass land ]. In an e a rlie r paper, w e a lready id e n tif ie d  typ ica l species 

fo r  th is  h a b ita t [B on te  et al. 2 0 02a ] and fo u n d  th a t th is  h a b ita t type  is c h a r­

ac te rised  by a sp e c if ic  and  endang e re d  a r th ro p o d  fau na  [B on te  et al. 2 0 0 2 d ]

A ssem b la ges  are loca l sn a p sh o ts  o f  a s p a tio te m p o ra l f lu id  sys tem , h a v in g  

no  s ta tu s  as d is t in c t b io lo g ica l e n titie s  and hence d e p e n d e n t o f  sp e c ie s ’ life 

h is to ry  pa tte rn s , d ispe rsa l cap ac ities  and e n v iro n m e n ta l c o n s tra in ts  

[H en geve ld  &  H e m e rik  2 0 0 2 ]. D ispe rsa l and ge o g ra p h ica l fa c to rs  to g e th e r 

d e te rm in e  th e  eco lo g ica l t im e  necessary to  enab le  p o te n tia l species fo r  

e s ta b lis h m e n t [P ianka 1994]. The s tru c tu re  o f  s p id e r assem b lages in 

European coasta l dunes is at th is  m o m e n t w e ll d o c u m e n te d  [B o g g ild  1961; 

D u ffe y  1968; A lm q u is t  1973; N o o rd a m  1996; B on te  et al. 2 0 0 0 b ; G a jd os  &  

To ft 2 0 0 2 ; B on te  et al. 2002a ] and cha rac te rised  by g e og ra ph ica l and  te m -
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po ra l v a r ia tio n . Locally, assem b lages are m a in ly  s tru c tu re d  by th e  veg e ta tio n  

d e v e lo p m e n t, th e  so il-  and ae ria l h u m id ity . S om e a u th o rs  a lso  s tressed  th e  

im p o rta n c e  o f  sand dyn a m ics  as an im p o r ta n t s tru c tu r in g  p a ra m e te r 

[G a jdos &  To ft 2 0 02 ; B on te  et al. 2 0 02a ]. W h e th e r d iffe ren ces  in species 

c o m p o s it io n , o r  m o re  sp e c if ica lly  th e  absence o f  a p p a re n tly  go od  adap ted  

species, is th e  re su lt o f  in s u ff ic ie n t eco lo g ica l t im e  to  co lo n ise  yo u n g  and 

iso la te d  d u n e  areas is at th is  m o m e n t unclear. Th is  fa c to r  is ce rta in ly  

th o u g h t to  be one  o f  th e  causes o f  th e  genera l species pa u c ity  o f  the  

F le m ish  coasta l dunes , c o m p a re d  to  th o s e  m o re  loca ted  in la n d  [M a e lfa it et 

al. 2 0 0 0 ]. W ith in  th is  g e o log ica l yo u n g  and re la tive ly  s tro n g  iso la te d  du ne  

reg ion  [D ec le rck  &  De M o o r  1996], g rey d u n e  h a b ita ts  are even y o u n g e r 

because o f  th e ir  success ive  ch a ra c te r [P ro vo o s t et al. 2 0 0 2 ] and m o re  is o la t­

ed because large du n e  re g ions  are o n ly  in te rco n n e c te d  by beach.

G rey d u n e  ve g e ta tio n  has h igh  a ff in it ie s  w ith  he a th la n d  and ch a lk  g rass land  

ve g e ta tio n  [W eeda et al. 1996] and possess a lo t o f  c o m m o n  species. 

T h e re fo re , w e te s te d  th e  h yp o th e s is  th a t e co lo g ica l t im e  can c o n s tra in  th e  

species c o m p o s it io n  fro m  th e  yo u n g  an iso la te d  grey du nes  in th e  F lem ish  

coasta l dunes by c o m p a rin g  its  s p id e r species c o m p o s it io n  [fro m  w h ich  

h a b ita t cha ra c te ris tic s  are w e ll d o c u m e n te d  in W este rn  and M id d le  E urope 

[H ä n g g i et al. 1995]] and assem b lage  s tru c tu re  to  th o s e  fro m  the  

B o u lo n n a is  area in N o rth e rn  France, w h ic h  is d ire c tly  con nec te d  to  cha lk  

g rass land s  and th e  N e th e rla n d s  w h ic h  are d ire c tly  o r  h is to r ic a lly  con nec te d  

to  he a th la n d . Evidently, eco lo g ica l t im e  had to  be d is c r im in a te d  fro m  local 

and re g iona l e n v iro n m e n ta l v a r ia tio n .

M ateria l and methods

•] Study area

The in v e s tig a tio n s  w ere  co n d u c te d  in fo u r  du n e  re g ions  a lo n g  th e  coasts 

fro m  N o rth e rn  France, B e lg iu m  and th e  N e th e rla n d s  [F ig .ll.3 -1 ]. The du ne  

area in th e  B o u lo n n a is  re g ion  [N o r th e rn  France, D e p a rtm e n t N ord -P as de 

C alais; a p p ro x im a te ly  4 0 0 0  ha] is s itu a te d  in and con nec te d  to  a basin  o f  

lim e  fo rm a tio n s  o f  th e  cuesta  fro m  th e  H a u t-B o u lo n n a is  [D e M e u te r et al.

1982; C o lbeaux 1985]. The o ld e s t pa rts  o f  th e  coasta l du nes  [Pré C o m m u n a l
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d ’A m b le te u se ] w ere  fo rm e d  d u r in g  th e  F la nd ria n  re g ress io n  [5 0 0 0  BC] on a 

fo s s il lim e  fo rm a tio n . The m o re  recen t coasta l dunes [fro m  2 0 0 0  BC 

o n w a rd s ] are s itu a te d  a t th e  seaside  o f  th e  lim e  cuesta  and c o n s is t o f  l im e - 

rich  sands [A n tro p  &  V erhoeve 1980; B e lle n fa n t e t al. 1998].

T he F lem ish  coasta l dunes [ap p ro x im a te ly  3 0 0 0  ha] in th e  m o s t N o rth e rn  

pa rt o f  France and th e  w es t coast o f  B e lg ium  o r ig in a te d  p a rtly  be fore [20 00 - 

3 0 0 0  BC] and a fte r th e  R om anian  pe riod  [3 0 0 -8 00  AC]. They are s itua ted  on 

m a rin e  clay se d im e n ts  and iso la ted  fro m  o ld e r [in lan d ] sand- o r lim e  d e p o s i­

t io n s  [D ec le rck  &  De M o o r 1996]. The coasta l dunes o f th e  A m s te rd a m  W ater 

S upp ly  [AW D; 34 00  ha] are s itua ted  in th e  p rov inces o f  S outh - and N o rth - 

H o lla n d , in th e  N e th e rlan ds  and be long  to  th e  dunes o f  th e  Renodunaal d is ­

t r ic t .  The o ld  dunes w ere fo rm e d  on o ld  sandy beaches, w h ich  o rig in a te d  

3 0 0 0  BC. From  th e  R om anian  pe riod  onw ards, du ne  fo rm a tio n  c o n tin u e d  

and th e  yo u n g  dunes w ere fo rm e d  in fro n t o f  th e  o ld  dunes. The lim e  co n te n t 

o f th e  sands is h igh [Baeyens &  Duyve 1992; E hrenburg  1994]. The dunes o f  

th e  P rov inc ia l W ate r C om p any  N o rth -H o lla n d  [P W N; 5800 ha] o r ig in a te d  at 

th e  sam e pe riod  as th e  A W D  and are s itua ted  at th e  b o rd e r lin e  betw een the  

R enodunaal d is tr ic t  w ith  lim e  rich  sands and th e  W a d d e n d is tr ic t, w h ich  are 

co m p le te ly  deca lc ified  [K lijn , 1981]. T h is  d iffe re n tia tio n  is th e  re su lt fro m  tw o  

d iffe re n t sea cu rren ts , w h ich  m eet each o th e r near Bergen aan Zee [K lijn  

1981]. In th e  N o rth  [N o rth  European dunes, inc lud ed  th e  W adden d is tr ic t], 

sand d e p o s itio n s  are in it ia lly  low  in lim e  and n u trie n ts , com pare d  to  th o se  in 

th e  sou th  [sou th  European dunes, inc lud ed  th e  R enodunaal d is tr ic t].

A s a re su lt o f  th e ir  geo log ica l h is to ry , grey dunes fro m  th e  B ou lo n n a is  reg ion 

m ake co n ta c t w ith  cha lk  g rass land  on th e  C re tac ious questa , w h ile  th o se  in 

th e  PW N are con nec te d  w ith  w e ll-d eve lop ed  du ne  h e a th lan ds  fro m  the  

W adden d is tr ic t . The d u n e  area o f  th e  A W D  is h is to ric a lly  con nec te d  to  the  

W adden d is tr ic t , bu t now adays iso la te d  due to  u rb a n is a tio n ; th e  F lem ish  

coasta l dunes are c o m p le te ly  iso la te d  fro m  o th e r xe ro th e rm  ha b ita ts .
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Fig.ll.3-i: Location o f the four sampled dune regions and the presence o f suitable geological conditions for the 

presence o f dry heathland and Cretaceous chalk grasslands in Northern France, Belgium and the Netherlands.

S am pling m ethodology and th e  determ ination o f th e  environm ental 

param eters

In each re g ion , w e se lected  re la tive ly  large grey du n e  re m n a n ts  [B on te  et al. 

2 0 0 2 a  fo u n d  th a t th e  richness  o f  sp e c if ic  species d e c lin ed  in sm a ll pa tches] 

in o rd e r to  sa m p le  th e  m a x im a l a m o u n t o f  re g iona l v a r ia tio n  in an equal 

way. Seven s ites  w ere  sa m p le d  in th e  B o u lo n n a is  and th e  F le m ish  coasta l 

dunes , s ix in  A W D  and e ig h t in P W N . A d d it io n a lly , w e ll-d e ve lo p e d  h e a th ­

land [tw o  s ites in P W N ] and ch a lk  g rass land  [tw o  s ites  in th e  B o u lo n n a is ] 

w ere  sa m p le d  in o rd e r to  d e te rm in e  th e  p resence and th e  a b unda nce  o f  

p o ss ib le  d u n e -in v a d in g  species. In each s ta t io n , five  p itfa ll tra p s  [d ia m e te r 

o f  n in e  c e n tim e tre , f il le d  w ith  a 6%  fo rm a lin e -d e te rg e n t s o lu t io n ] w ere  l in ­

early  in s ta lle d , w ith  an in te r- tra p  d is ta n ce  o f  five  m e te rs  [due to  v a n d a lism , 

o n ly  da ta  fro m  th re e  tra p s  co u ld  be used fro m  one s ta t io n  in the  

B o u lo n n a is  and th e  A W D ]. The s a m p lin g  to o k  p lace in th e  p e rio d  M a rch - 

N o v e m b e r 1999 and tra p s  w ere  fo r tn ig h t ly  e m p tie d .

A ro u n d  each p itfa ll, w e  d e te rm in e d  th e  ve g e ta tio n  c o m p o s it io n  by a p p ly in g  

th e  Londo-sca le  [L o n d o  1975] fo r  th e  cove r o f  th e  d o m in a n t p la n t species 

and th e  cove r o f  n o n -o ve rg ro w n  m osses, herbs and bare sand. A d d itio n a lly ,
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w e m easured  th e  so il d e v e lo p m e n t [de p th  o f t h e  h u m u s -r ic h  A -h o r iz o n t] 

and th e  h e ig h t o f  th e  ve g e ta tio n  to  th e  nearest cm . T h ir ty  m e a su re m e n ts  

w ere  taken  fro m  th e  ve g e ta tio n  h e ig h t w ith  a po lys ty rene  p la te  [d ia m e te r 20  

cm ], p laced on a m e a s u rin g  ru le . The s ta n d a rd  d e v ia tio n  w as d e te rm in e d  as 

a m easu re  fo r  th e  v a r ia tio n  in ve g e ta tio n  h e ig h t. S ince it is co rre la te d  w ith  

th e  ve g e ta tio n  h e ig h t [r-, j 2= ° -8 6 7 ; P < o .o o i] ,  th e  ra tio  S D /m e a n  h e ig h t was 

used as an in d e p e n d e n t pa ram e te r. The d is ta n ce  to  th e  nearest dense vege­

ta t io n  w as m easured  in th e  fie ld ; th e  d is ta n ce  to  th e  sea w as de rived  fro m  

te rra in  m aps.

A d d it io n a l e n v iro n m e n ta l da ta  w e re  in fe rred  fro m  A gge nba ch  & J a lin k  

[1999], w h o  lin ke d  th e  p resence and cove r o f  in d ic a to r  p la n t species to  th e  

fo llo w in g  so il pa ra m e te rs  in a ranked q u a n tita tiv e  w ay: n u tr ie n t ava ila b ility , 

lim e  c o n te n t, aeo lian  va lue  [ranked severeness o f  sand o v e rb lo w in g ] and 

h u m u s  d e v e lo p m e n t. The e s tim a te  fo r  h u m u s  d e v e lo p m e n t w as a lm o s t p e r­

fe c tly  co rre la te d  w ith  o u r  m e a su re m e n ts  m a de  on so il d e v e lo p m e n t and 

w as rep laced by th e  la tte r in th is  s tu d y  [r-l ^ 2=  ° - ^ 3 4 i P < o .o o i[ .  It a lso s tre ss ­

es th e  re lia b ility  o f  th e  in fe rre d  p a ra m e te rs . A ll th e  d e te rm in e d  e n v iro n m e n ­

ta l pa ra m e te rs  are lis ted  in Table II.3-1. Because o f  th e  p o s s ib ility  o f  co va ria ­

t io n , the se  e n v iro n m e n ta l pa ram e te rs  w ere  analysed fo r  p r in c ip a l c o m p o ­

nen ts  by PCA-analysis. In case o f  s ig n if ic a n t c o rre la tio n  a lo n g  th e  p r in c ip a l 

axes, c o m p o n e n t scores w e re  used as a new  e n v iro n m e n ta l pa ram e te r. A ll 

e n v iro n m e n ta l pa ram e te rs  w ere  averaged fo r  each site .
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Parameters PCAnutrient 

r 132,PCAi  P

KW- Region 

H [3i28] P

Distance to  the sea [m] -0.033 NS 0.139 NS

Mean vegetation height [cm] 0-375 <0,001

Variation in vegetation height [SD/mean height] -0.164 NS 4,827 NS

Cover herbs and grasses [%] 0.400 <0,001

Cover non-overgrown mosses [%] -0.365 <0,001

Cover bare sand [%] -0.246 <0.01 5,946 NS

Distance to  the edge - dense vegetation [m] 0.054 NS 0.593 NS

Depth o f  A -horizont [cm] 0.409 <0,001

Aeolian value -0.278 <0.01 0.670 NS

Lime content value 0.006 NS 2,598 NS

N utrient availability value 0.371 <0,001

PCAnutrient 4,757 NS

Table 11.3-1- Pearson correlations o f the determined environmental parameters with the first and only signifi­

cant principal component and results o f the Kruskal-Wallis ANOVA o f the remaining environmental parame­

ters with region as factor. — : Not relevant

M ain  habita t o f  th e  species

The m a in  h a b ita t o f th e  species w as de rived  fro m  H ä n g g i et al. [1995], 

R oberts [1998], M a e lfa it et al. [1998], B on te  et al. [2002a ] and N e n tw ig  et al. 

[20 02 ]. A d d it io n a l s a m p lin g  occu rred  in d u n e  h e a th lan d  and ch a lk  g rass ­

land in re spec tive ly  th e  PW N and B o u lo n n a is  area [B on te  1999; B on te  et al. 

2001 a]. In th is  way, species cou ld  be ca te go rize d  as e u ry to p ic  o r  s te n o to p ic  

fo r  d y n a m ic  coasta l dunes , fo r  x e ro th e rm  h a b ita ts  [coasta l and in la n d  dunes 

and a va rie ty  o f  o lig o tro p h ic  d ry  g ra ss land s ], h e a th la n d , cha lk  g rass land  o r 

fo r  b o th  h e a th lan d  and cha lk  g rass land . Finally, s o u th e rn  and n o r th e rn - lim ­

ited  species w ere  id e n tif ie d  [species re spec tive ly  a t th e  n o rth e rn  and s o u th ­

ern l im it  o f  th e ir  d is tr ib u t io n  range].

D ata analysis

P itfa ll tra p s  re g is te r a rth ro p o d  a c tiv ity  p a tte rn s , and are a ffected by b o th  the  

p o p u la tio n  de n s ity  and th e  sp e c ie s -spe c ific  m o ve m e n t rates [M a e lfa it &
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Baert 1975]. As a re su lt, the y  are b iased by in te r- and in tra s p e c if ic  ac tiv ity  

v a r ia tio n  due  to  d iffe re n t c lim a te  and p o p u la tio n  ch a ra c te ris tics . Th ere fo re , 

p resence-absence da ta are used ins tead  o f t h e  re la tive  o r ab so lu te  nu m b e rs .

As a consequence, da ta  are b in o m ia l d is tr ib u te d  and c lass ica l [canon ica l] 

c o rre la tio n  based m u lt iv a r ia te  o rd in a tio n  te ch n iq u e s  ca n n o t be used fo r 

ana lys is . The use o f  PRIMER [C larke &  A in s w o rth  1993] is how ever an ele­

g a n t and ex trem e ly  su ita b le  a lte rn a tive . By a p p ly in g  th is  a lg o r ith m , a d is s im i­

la rity  B ray-C urtis  m a trix  o f t h e  species da ta [m o s t c o m m o n  species, at least 

cau gh t in five  in d iv id u a ls  in one s ite ] is co m p a re d  by rank c o rre la tio n  w ith  a 

E uclid ian  s im ila r ity  m a trix  o f  a ll po ss ib le  c o m b in a tio n s  [subsets] o f  e n v iro n ­

m e n ta l da ta  [n ! c o m b in a tio n s ; n = n u m b e r o f  e n v iro n m e n ta l pa ram e te rs ]. The 

best su b se t o f  e n v iro n m e n ta l variab les  th a t p rov ides  th e  best m a tch  

be tw een th e  tw o  co n fig u ra tio n s  reveals hence th e  ‘ best e xp la n a tio n ’ o f th e  

b io t ic  s tru c tu re , ana logue  to  a fo rw a rd  m u lt ip le  reg ress ions. A ll th e  d e te r­

m in e d  e n v iro n m e n ta l pa ram e te rs  and th e  re g ion , ranked by la titu d e  w ere 

inc lu d e d  in th e  e n v iro n m e n ta l da tase t.

W e v isu a lise d  th e  d is s im ila r ity  betw een th e  s ites by n o n -m e tr ic  m u lt i d im e n ­

s iona l sca lin g  [N M D S , w ith  in d ic a tio n  o f  th e  stress va lue  as an in d ic a tio n  fo r 

th e  s ta b ility  o f  th e  o rd in a tio n ] and th e  B ray-C urtis  d is s im ila r ity  tree .

A n e a rlie r ana lys is  [B on te  et al., in press] revealed th a t th e  to ta l n u m b e r o f  

ca u g h t species increases w ith  th e  a m o u n t o f  sa m p le d  s ites  [and tra p s ], bu t 

th a t >95 %  o f  a ll sp e c if ic  x e ro th e rm  species fro m  one  reg ion  are ca u g h t w ith  

25 p itfa ll tra p s , d is tr ib u te d  o ve r a va r ie ty  o f  grey dunes . Locally, all sp e c if ic  

species are ca u g h t w ith  3 to  5 tra p s . As a con seque nce , a b so lu te  co u n ts  

w ere  used to  co m p a re  d iv e rs ity  o f  sp e c if ic  species be tw een re g ions .

The p ro p o r t io n s  o f  all p re se n t species, b e lo n g in g  to  th e  d e te rm in e d  h a b ita t 

ca te go rie s , w ere  c o m p a re d  be tw een th e  fo u r  d u n e  areas w ith  m u lt ip le  c2 - 

c o m p a ris o n s  and p o s t-h o c  Tukey te s ts  [Z a r 1996]. Basic s ta t is t ic a l tes ts  

[K ruska l-W a llis  A N O V A ; c o rre la tio n s ] w ere  co n d u c te d  w ith  S ta tis tica  5.5 

[S ta tS oft 2 0 0 0 ]; P rin c ip a l C o m p o n e n t A na lys is  w ith  PCO RD 4.17 [M cC u ne  &  

M e ffo rd  1999].



Results
Local and regional environm ental variation o fth e  sampled grey dune habitats

The PCA-analysis revealed o n ly  one s ig n if ic a n t p r in c ip a l c o m p o n e n t, w h ich  

exp la ined  34 .642  %  o f  th e  to ta l v a r ia tio n  [e igenva lue  =  4 .503 >  b roken  s tic k  

e ige nva lu e  =  3.180]. T h is  p r in c ip a l c o m p o n e n t w as s ig n if ic a n tly  co rre la te d  

and exp la ined  m o re  th a n  10%  co va ria tio n  w ith  th e  m ean ve g e ta tio n  he ig h t, 

th e  cove r o f  th e  g ra s s /h e rb  layer and th e  m oss layer, th e  d e p th  o f  th e  A -ho r- 

iz o n t and  th e  n u tr ie n t a v a ila b ility  [Table II.3-1]. A lth o u g h  o th e r  s ig n if ic a n t 

re la tio n s h ip s  ex is t, w e c o n s id e r th e m  as e co lo g ica lly  in d e p e n d e n t because 

o f  th e  lo w  a m o u n t [< io % ] o f  exp la ined  c o v a r ia tio n . In su m m a ry , th e  p r in c i­

pa l c o m p o n e n t re flec ts  v a r ia tio n  in n u tr ie n t ava ila b ility , re s u lt in g  in a h ig h e r 

cove r and h e ig h t o f  grasses, he rbs, a de epe r so il d e v e lo p m e n t and a lo w e r 

cove r o f  n o n -o ve rg ro w n  m osses. In fu r th e r  analyses, w e w ill re fe r to  th is  

p r in c ip a l c o m p o n e n t as PCAn u tr ¡e n t.

The va lues o f t h e  fin a l seven in d e p e n d e n t e n v iro n m e n ta l pa ra m e te rs  do  n o t 

d if fe r  be tw een th e  fo u r  re g ions  [K ruska l-W a llis  A N O V A ; H [3,28]; Table II.3-1], 

so d iffe ren ces  in s p id e r species c o m p o s it io n  and d iv e rs ity  c a n n o t be a t t r ib ­

u ted  to  d iffe ren ces  in e n v iro n m e n ta l c o n d it io n s  o f th e  sa m p le d  s ites 

be tw een th e  fo u r  reg ions.

k Best variable combination [R]

1 Aeolics [0.488]

2 Aeolics X Region [0.550]

3 Aeolics X Region x  Bare sand [0.643]

4 Aeolics x Region x Bare sand x PCAnutrients [0.584]

5 Aeolics x Region x Bare sand x PCAnutrients x distance to  the sea [0.560]

6 Aeolics x Region x Bare sand x PCAnutrients x distance to  the sea x Variation vegetation

height [0.510]

7 Aeolics x Region x Bare sand x PCAnutrients x distance to  the sea x Variation vegetation

height x Lime value [0.438]

8 All parameters [0.388]

Table II.3-2 - Combination o f variables, k at time, giving the largest rank correlation between biotic [spider pres­

ence/absence] and environmental similarity matrices. In bold: final subset o f parameters, explaining the largest 

amount o f assemblage variation.
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Local and regional variation in spider assem blage structure

The va ria tio n  in sp id e r assem blage s tru c tu re  is p r im a rily  d e te rm in e d  by d if ­

ferences in th e  aeolian va lue and th e  reg ion . Th ird ly , th e  cover o f  bare sand is 

an im p o rta n t a sse m b la g e -s tru c tu r in g  facto r. V a ria tio n  in aeo lic  dynam ics  

exp la ins 23.81 %  o f  th e  assem blage va r ia tio n . The a m o u n t o f  exp la ined va r ia ­

t io n  is increased w ith  6 .4 4 %  w hen reg ion  is in c lud ed . The c o m b in a tio n  o f  the  

th re e  pa ram e te rs  resu lts  in th e  best subset, exp la in ing  in to ta l 41.34%  o f  the  

assem blage va r ia tio n . I f  m o re  pa ram e te rs  are inc lud ed , th e  exp la in ing  pow er 

decreases s ig n ific a n tly  [Table II.3-2]. The N M D S  o rd in a tio n  o f  th e  s ites, based 

on th e  species presence-absence records ind ica tes  th e  sam e pa tte rn  o f  the  

assem blage c o m p o s it io n : a lth o u g h  no d iffe rences betw een th e  e n v iro n m e n ­

ta l pa ram e ters  w ere recorded [Table II.3-2], th e  reg ions are d iffe re n tia te d  

a long  th e  f irs t N M D S -ax is  [Krus ka l-Wal I is A N O V A ; H [3, 28 ]= i 5.312, P =o.oo2] 

bu t no t a long  th e  second one [Kruskal-W aMis A N O V A ; H [3 ,28 ]=7 .46 i ,

P=o.c>59] [F ig .II.3-2]. S pearm an co rre la tio n  o f th e  f irs t N M D S  axis ind ica tes  

th a t th is  d iffe re n tia tio n  is on ly  th e  resu lt o f  d iffe re n tia tio n  in th e  aeolian value 

[R28=-°-525; P=o .o o 4] and th e  PCAn u tr ¡e n t-scores [R2g=o .6o3 ; P < o .o o i[. N o 

linea r re la tio n sh ip s  a long  th e  second axis w ere fo u n d .

The B ray-C u rtis  d is s im ila r ity  tre e  a lso reveals th e  ex is tence o f  five  d is t in c t 

g ro u p s : a ll th e  s ites  o f th e  N e th e rla n d s  [I] and one p a rtia l g ro u p  o f t h e  

B o u lo n n a is  [Ila ] and th e  F le m ish  C oasta l dunes [I l la ] are separa ted  fro m  

tw o  o th e r g ro u p s  [s ites w ith  a e o lic  d yn a m ics ] fro m  th e  la tte r re g ions  [ l ib  

and l l lb ]  [F ig .II.3-2].
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Fig.ll.3-2: NMDS-ordination [left] and Bray Curtis dissimilarity tree [right, branches o f the sites belonging the 

same group are merged] o f the sites, based on the absence-presence o f the spider species. Filled circles: 

Boulonnais region [lla,b]; Open circles: Flemish coastal dunes [llla,b]; Filled triangles: Amsterdam Water 

Supply dunes [I]; Open triangles: Dunes North-Holland PWN [I]

Regional variation in species richness

The n u m b e r o f  e u ry to p ic  species is s ig n if ic a n tly  d iffe re n t be tw een th e  fo u r  

re g ions  [ / 2= i 7.901; nto t= i3 o ; P < o .o o i]  and is h ig h e s t in PW N [n=88], m o d ­

era te  in FCD [n=7o ] and B O U L  [n = 7 i] and  lo w e s t in  A W D  [n=53]. The n u m ­

ber o f  w id e sp re a d  x e ro th e rm  species is h o w e ve r n o t s ig n if ic a n tly  d iffe re n t in 

th e  fo u r  re g ions  [n to t= 3 i;  n B o u |=27; n FC D=3o ; nA W D =27; n p w N =28; 

X 2= 2 .2 98 ; P>0.05].

The n u m b e r o f  species fro m  d y n a m ic  coasta l dunes is h ig h e r in the  

B o u lo n n a is  and th e  F le m ish  coasta l dunes th a n  in th e  du nes  fro m  th e  

N e th e rla n d s  [x 2= i i - 9 i7 ;  n to t=7; P c o .o o i;  F ig .11.3-33] and o c c u r in h igh  

ab unda nces  [A p p e n d ix  1]. S o u th e rn  species are m a in ly  p re se n t in the  

B o u lo n n a is  d u n e  area [x 2=25.567; nto t= n ;  P < o .o o i;  F ig .ll.3 -3b ]. O n ly  one 

N o rth e rn -c o n tin e n ta l species w as reco rded  in th e  coasta l du nes  o f th e  

N e th e rla n d s  [C entrom erus inc iliu m ].
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Fig.ll.3-3: The number o f typical dynamic dune species [3a, above] and Southern species [3b, under] in the four 

investigated dune regions. Bars indicated with the same symbol indicate non-significant differences [Tukey-test; 

P>o.o;]. boui: Boulonnais; fed: Flemish coastal dunes; awd: Amsterdam Water Supply dunes; pwn: Dunes 

Provincial Water Company North-Holland

Typ ica l species fo r  cha lk  g rass lands are o n ly  p resen t in th e  B o u lon na is  

dunes [F ig .11.3-43]. H e a th la n d  species are o n ly  p resen t in th e  coasta l dunes 

o f  th e  N e th e rla n d s  and m o re  n u m e ro u s  in th e  d u n e  area o f  PW N [Yates co r­

rected x 2=8.423; P < o .o i], th a n  in A W D  [F ig. 11.3 -4 ^ . Species, w h ich  have 

th e ir  o p tim u m  in b o th  h a b ita t types, are equa lly  p resen t in  th e  dunes o f  the  

B o u lo n n a is , A W D  and P W N . O n ly  th e  F lem ish  coasta l dunes are cha rac­

te r ise d  by an a lm o s t c o m p le te ly  absence o f  these  species [%2=22 .2og ; 

nto t=17; P< 0 -0 ° i ;  f ig -  II-3 '4 C]- For these  xe ro th e rm  species tog e the r, the  

d e fic it in  th e  F lem ish  coasta l dunes is even m o re  p ro n o u n ce d  [x 2=45-998; 

nto t= 3 4 ; P c o .o o i] .  The n u m b e r o f  species, b e lo n g in g  to  th is  lu m p e d  ca te go ­

ry, is h ig h e r in th e  A W D  th a n  in th e  F lem ish  coasta l dunes bu t s ig n if ic a n tly  

low e r th a n  in th e  du ne  area o f  th e  PW N and th e  B o u lon na is .

O f  these , th e  hea th lan d  species Cercidia prom inens, Textrix d en ticu la ta  and 

Zelotes subterraneus, th e  cha lk  g rass land  species Hypsosinga pygmaea, 

W alckenaeria fu rc illa ta , Dysdera erythrina, Euophrys herbigrada  and Steatoda
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a lbo m acu la ta  and fo u r  species typ ica l fo r  b o th  h a b ita ts  [C he iracan th ium  

erra ticum , H aplodrassus u m bra tiiiis , M icra rgus subaequalis, A raeoncus hum ilis ], 

are o n ly  en co u n te re d  in very lo w  n u m b e rs  in th e  coasta l grey dunes 

[A p p e n d ix  l ] .  The  o th e r n o n -typ ica l d u n e  species w ere  a b u n d a n t and som e 

o f  th e m  a lso o ccu rre d  in th e  m o re  iso la te d , th o u g h  h is to r ic a lly  co n nec te d , 

d u n e  area o f  A W D .

ï
I
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Fig.ll.3-4: The number o f stenotopic xerotherm species in the four investigated dune regions. Bars indicated with 

the same symbol indicate non-significant differences [Tukey-test; P>o.o;]. 4a[above]: chalk grassland species; 4b 

[middle]: heathland species; 4c [below]: species typical for heathland and chalk grassland, boui: Boulonnais; fed: 

Flemish coastal dunes; awd: Amsterdam Water Supply dunes; pwn: Dunes Provincial Water Company North- 

Holland
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Discussion
O u r re su lts  sh o w  th a t s p id e r  assem b lage  s tru c tu re  and species richness  in 

th e  fo u r  la rge d u n e  re g ions  a lo n g  th e  N o rth  Sea o f  N o rth e rn  France, 

B e lg ium  and th e  N e th e rla n d s  are reg ion  sp e c if ic  and loca lly  d e te rm in e d  by 

v a r ia tio n  in sand d yn a m ics . Species fro m  d y n a m ic  coasta l dunes are p res ­

en t in th e  F lem ish  coasta l dunes and N o rth e rn  France, b u t ab sen t fro m  the  

N e th e rla n d s  a lth o u g h  e n v iro n m e n ta l v a r ia tio n  in th e  sa m p le d  pa tches w as 

n o t d iffe re n t. Species w ith  o p tim a  in ch a lk  g rass land  and h e a th lan d  w ere 

o n ly  p resen t in re spec tive ly  grey du nes  fro m  th e  B o u lo n n a is  and th e  N o rth - 

H o lla n d  d u n e  reg ion , d ire c tly  con nec te d  to  th e  fo rm e r  x e ro th e rm  h a b ita ts . 

These species w ere  absen t fro m  th e  iso la te d  and ge o lo g ica l yo u n g  F lem ish  

coasta l du nes  and in a lesser a m o u n t p re se n t in th e  du nes  o f  the  

A m s te rd a m  W a te r S u p p ly  dunes , w h ic h  are d is ta n tly  and h is to r ic a lly  c o n ­

nected  to  d u n e  h e a th la n d . R egional v a r ia tio n  in s p id e r assem b lage  s tru c ­

tu re  and species richness  can hence be a ttr ib u te d  to  genera l land scape  and 

eco lo g ica l t im e  c o n s tra in s  [t im e  needed fo r  species to  c o lo n ise  d is ta n t and 

yo u n g  su ita b le  h a b ita ts ].

S p ide r and a rth ro p o d  c o m m u n itie s  in coasta l dunes are in genera l s tru c tu re d  

by g rad ien ts  in veg e ta tio n  d e ve lo p m e n t and bo th  so il and aeria l h u m id ity  

[D u ffey  1968; Van de r A a rt 1970; A lm q u is t 1973; K oeh le r et at. 1995; D esender 

1996; P o lle t &  C ro o ta e rt 1996; Bell et at. 1998; M a tto n i et at. 2 0 0 0 ]. B onte  et 

at. [2002a ] a lso fo u n d  th a t dyn am ics  due to  sand d isp la ce m e n t and na ture  

m a nage m en t act as a d e te rm in in g  fa c to r fo r  th e  assem blage c o m p o s it io n . In 

th is  c o n tr ib u t io n  however, w e o n ly  inves tiga ted  th e  va r ia b ility  in sp ide r 

species c o m p o s it io n  o f  one  h a b ita t type  [grey dunes] in th e  m a in la n d  coasta l 

dunes a long th e  N o rth  Sea. The m o s t im p o rta n t sp id e r assem blage d e te r­

m in in g  fac to rs  in these  grey dunes are again re la ted to  sand dynam ics . In 

grey dunes fro m  th e  fo u r  reg ions, th e  tw o  m o s t im p o rta n t assem blage d e te r­

m in a n ts  are a fte r all th e  aeolian va lue  [a m easure  o f th e  degree and severe­

ness o f  sand o ve rb lo w in g ] and th e  cover o f  bare sand, w h ich  sh o u ld  n o t a 

p r io r i be re la ted to  th e  fo rm e r p a ram e te r s ince  f.i. tra m p lin g  and d ig g in g  

a c tiv ities  s ig n if ic a n tly  a ffect th e  presence o f  nude sand on grey dunes, espe­

c ia lly  at places w ith  a you ng  so il d e ve lopm en t.
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S p id e r assem b lages are h o w e ve r n o t u n ifo rm ly  and g e o g ra p h ica lly  s tru c ­

tu re d , a p a tte rn  a lso observed  in in la n d  dunes fro m  th e  G e rm an  lo w la n d s  

[M e rken s  2 0 0 2 ]. A  f ir s t  in te re s tin g  re su lt fro m  o u r  s tu d y  is th e  se p a ra tio n  o f  

th e  N e th e rla n d s  coasta l du nes  fro m  th o se  in ve s tig a te d  a lo n g  th e  Belgian 

and N o rth e rn  French coasts . A lth o u g h  no e n v iro n m e n ta l d iffe ren ces  in th e  

s tu d ie d  s ites  w ere  fo u n d , coasta l du nes  o f t h e  N e th e rla n d s  w ere  cha rac­

te r ise d  by species fro m  n u tr ie n t rich  ve g e ta tio n  and by th e  absence o f  

species fro m  d yn a m ic  du n e  sys tem s. T h is  in d ica te s  th a t a lth o u g h  loca l 

ha b ita ts  are su ita b le , o th e r  fa c to rs  in flu e n ce  th e  observed  p a tte rn . As fo u n d  

by M a tto n i e t al. [2 0 0 0 ] h is to ric a l d is tu rb a n c e  can a lte r th e  species richness 

o f  d u n e  a r th ro p o d s  in a d e fin it iv e  way. W e be lieve th a t th e  absence o f  these  

typ ica l coasta l d u n e  species o r ig in a te s  fro m  th e  g lob a l d u n e  landscape  

s tru c tu re : in co n tra s t to  th e  coasta l du nes  fro m  N o rth e rn  France and 

B e lg iu m , la rge-sca le  f ixa tio n  o f  d yn a m ic  sand dunes s ta rted  in th e  1 6 ^  cen­

tu ry  and w as very s tr in g e n t in th e  1 9 ^  and th e  2 0 ^  ce n tu ry  [K lijn  1981], as 

a h u m a n  re sponse  to  th e  s tro n g  m a r it im e  in u n d a tio n  w h ic h  a ffec ted  large 

pa rts  o f t h e  N e th e rla n d s . N ow adays, ca tt le  graze in the se  coasta l dunes 

and sand dyn a m ics  are again  to le ra te d  [A n o n ym u s  1992; H ille n  &  Roelse 

1995; Janssen 1995; van Boxel et al. 1997]. A lth o u g h  h a b ita t re s to ra tio n  to o k  

p lace very qu ick ly , th e  s p id e r assem b lage  reacts a p p a re n tly  s lo w ly  and s till 

lacks typ ica l coasta l d u n e  species in c o m p a ris o n  to  c o m p a ra b le  grey du ne  

h a b ita ts  a lo n g  th e  B elg ian and N o rth e rn  French coast.

A n  e a rlie r ana lys is  o f  th e  s p id e r d iv e rs ity  in th e  F le m ish  coasta l du nes  in d i­

cated th a t th e  n u m b e r o f  p o ss ib ly  e n co u n te re d  e u ry to p ic  species increases 

w ith  th e  a m o u n t o f  sa m p le d  s ites  and th e  a m o u n t o f  used p itfa ll tra p s , bu t 

th a t a lm o s t a ll x e ro th e rm  species are ca u g h t w ith  a lim ite d  a m o u n t o f  tra p s  

[B on te  et al., in press]. T h is  b io lo g ic a lly  m eans th a t an in c re a s in g  s a m p lin g  

e ffo r t re su lts  in  a h ig h e r chance in f in d in g  n o n -typ ica l species, in va d in g  

fro m  o th e r s u r ro u n d in g  d u n e  h a b ita ts  b u t th a t no  typ ica l species w ill be 

ca u g h t a d d itio n a lly . T h is  s a m p lin g  b ias hence exp la ins  th e  h igh  a m o u n t o f  

e u ry to p ic  species in  th e  re g ions  th a t w e re  in te n s ive ly  sa m p le d . O f  m o re  

in te re s t is th e  increased r ichn ess  o f  n o n -d u n a l x e ro th e rm  species in these  

re g ions  th a t are d ire c tly  con nec te d  to  h e a th lan d  and ch a lk  g rass land  and 

th e  pa u c ity  in  th e  iso la te d  F le m ish  coasta l dunes . The increased d iv e rs ity  in
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grey d u n e  h a b ita ts , con nec te d  to  o th e r  x e ro th e rm  h a b ita ts , o r ig in a te s  m o s t 

like ly  fro m  tw o  d iffe re n t p rocesses: [i] n o n -typ ica l x e ro th e rm  species invade 

th e  grey d u n e  fro m  th e  a d ja ce n t o p tim a l h a b ita ts  in a s o u rce -s in k  system  

[H an sk i 1999a] o r [ii] no n -typ ica l xe ro th e rm  species have e s ta b lished  p o p u la ­

t io n s  in th e  n e ig h b o u rin g  coasta l grey dunes b u t lim ite d  d ispe rsa l capac ities  

and th e  lack o f  t im e  enab led  th e m  to  spread to  m o re  d is ta n t a n d /o r  g e o lo g i­

cal y o u n g e r re g ions . For species w ith  o n ly  m a rg in a l p o p u la tio n  s izes, grey 

du ne  h a b ita ts  fu n c tio n  as s inks , lay p ro b a b ly  o u ts id e  o r at th e  edge o f th e  

fu n d a m e n ta l n iche  and m a in te n a n ce  has to  be ensured  by c o n tin u o u s  

c o lo n is a tio n  fro m  th e  sou rce  p o p u la tio n s  in hea th lan d  o r cha lk  g rass lands. 

O th e r a t f irs t  s ig h t n o n -typ ica l grey d u n e  species have large p o p u la tio n s , 

som e  even in th e  m o re  d is ta n t A W D -dune s . G rey dunes are fo r  these  

species ce rta in ly  g o o d -q u a lity  hab ita ts  and th e ir  absence in th e  iso la ted  

reg ion  has to  re su lt fro m  th e ir  in a b ility  to  b rid ge  th e  m a tr ix  o f  n o n -su ita b le  

h a b ita t. A  reduced b a llo o n in g  p e rfo rm a n ce  is hence to  be expected in these  

species, as th is  is th e  m o s t im p o rta n t m o de  fo r  d is ta n t d ispe rsa l [B onte  et 

al. 2003c]. E co log ica l t im e  [P ianka 1994] is hence an im p o r ta n t p rocess fo r  

th e  s tru c tu r in g  o f  sp id e r assem blages in coasta l dunes a lon g  th e  N o rth  Sea. 

In sp ide rs , s im ila r  pa tte rn s  o f  d iffe re n tia te d  species p resence have been 

observed on in la n d  dunes in th e  low lan d  o f  G e rm an y  [M e rken s  2002 ].

Species o c c u rr in g  in th e  iso la te d  reg ions  s h o u ld  as a re su lt possess a w e ll- 

de ve lope d  d isp e rsa l. U n fo rtu n a te ly , no b a llo o n in g  da ta  are ava ilab le  fo r  

m o s t o f  the se  species. For o th e r  a rth ro p o d s , ca rab id  beetles [D e se n d e r et 

al. 1995; Tu rin  2 0 0 0 ] and b u tte rf lie s  [B in k  1992], s im ila r  d is tr ib u t io n  p a t­

te rn s  are observed  and d isp e rsa l cap ac ities  can be d ire c tly  m easu re d  [w ing  

d e v e lo p m e n t in ca rab id  beetles] o r  d ire c tly  observed  [m ig ra tio n  p ro p e n s ity ]. 

In the se  g ro u p s , x e ro th e rm ic  species fro m  he a th la n d  and ch a lk  g rass land , 

absen t in  th e  B elg ian coasta l g rey dunes , b u t p resen t in  th e  coasta l dunes 

o f  th e  N e th e rla n d s  and th e  B o u lo n n a is  have lo w e r d ispe rsa l a b ilit ie s , c o m ­

pared to  species p re se n t in  th e  F le m ish  coasta l du nes  [B on te , u n p u b . da ta ]. 

B u tte rflie s  a b sen t in th e  F le m ish  coasta l du nes  had a s ig n if ic a n t lo w e r rang 

o f  m ig ra tio n  b e h a v io u r [B in k  1992], w h ile  ca rab id  beetles, o n ly  p re se n t in 

th e  d u n e  re g ion  o f  N o rth  H o lla n d  are s ig n if ic a n tly  m o re  b rach yp te ro u s  

[Turin 2 0 0 0 ; D esen de r e t al. 1995]. G eo lo g ica l [h is to ric a l] h a b ita t is o la tio n
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and eco lo g ica l t im e  is th u s , at least pa rtia lly , re sp o n s ib le  fo r  th e  observed 

species pa u c ity  o f  coasta l grey dunes in B e lg ium  and A W D .

O u r  da ta  c o n se q u e n tly  in d ica te  th a t d iffe ren ces  in d u n e  d yn a m ics , la titu d e  

and c o n n e c tiv ity  to  o th e r x e ro th e rm  h a b ita ts  in flu e n ce  th e  species c o m p o s i­

t io n  o f  sp id e rs  in coasta l grey du nes  a lo n g  th e  coast o f  th e  N o rth  Sea. The 

asse m b lag e  c o m p o s it io n  o f  sp ide rs  in g rey du nes  is as a re su lt d e te rm in e d  

by sand dyn a m ics  and th e  linked  h a b ita t in s ta b ility  [B on te  e t al. 2 0 02a ] and 

by eco lo g ica l t im e .
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Appendix i - Abundance [number o f individuals/#traps] o f the non-eurytopic species from coastal grey dunes, with 

indication o f their optimal habitat and abundance in the sampled coastal grey dunes, chalk grassland and heathland. 

Abundance legend: rare -r-: abundance<o.i; fairly common -fc-: abundance [o.i-o.s] ; common -c-: abundance > 0.5

Species habitat Chalk BOUL FCD AWD PWN Heath

Acarthauchenius scurrilus

[O.P.-Cambridge, 1872] xerotherm r r r r

Aelurillus v-insignatus [Walckenaer, 1802] chalk/heathland fc c c

Agroeca cuprea Menge, 1873 xerotherm fc c c c c

Agroeca lusatica [L. Koch, 1875] heathland fc c c

Agroeca proxima [O.P.-Cambridge, 1871] xerotherm c c fc c c

Alopecosa barbipes [Sundevall, 1833] xerotherm c c c c c c

Alopecosa cuneata [Clerck, 1757] xerotherm c c c c c

Alopecosa fabalis  [Clerck, 1757] xerotherm c c c c

Araeoncus humilis [Blackwall, 1841] chalk/heathland fc r r

Arctosa perita [Latreille, 1799] xerotherm c c fc fc

Argenna subnigra [O.P. Cambridge, 1861] xerotherm c c c c fc

Atypus affinis Eichwald, 1830 chalk/heathland fc fc

Aulonia albimana [Walckenaer, 1805] chalk/heathland fc c c

Centromerus incilium  [L. Koch, 1881] North c c c

Ceratinopsis romana [O.P.-Cambridge, 1872] coastal dunes c c fc

Cercidia prominens [Westring, 1851] heathland r fc

Cheiracanthium erraticum [Walckenaer, 1802] chalk/heathland r r

Cheiracanthium virescens [Sundevall, 1833] xerotherm fc c fc c

Clubiona fris ia  W underlich and Schütt 1995 xerotherm r r r fc

Crustulina guttata  [Wider, 1834] heathland r c

Diplocephalus graecus [O.P-Cambridge, 1872] South c

Drassodes cupreus [Blackwall, 1834] xerotherm c c fc fc c c

Drassodes lapidosus [Walckenaer, 1802] xerotherm fc fc fc fc

Drassodes pubescens [Thorell, 1856] xerotherm c r fc r r

Dysdera erythrina [Walckenaer, 1802] chalk c r

Erigone promiscua [O.P.-Cambridge, 1872] xerotherm c c c r

Euophrus herbigrada [Simin, 1871] chalk r

Euryopis flavomaculata [C.L. Koch, 1836] chalk/heathland fc r r r fc fc

Evarcha fa lcata  [Clerck, 1757] chalk/heathland fc r

Hahnia montana [Blackwall, 1841] chalk/heathland c c r

Hahnia nava [Blackwall, 1841] xerotherm c r c c c c

Haplodrassus dalmatensis [L. Koch, 1866] xerotherm r c c fc fc

Haplodrassus signifer [C.L. Koch, 1839] xerotherm c c c c c

Haplodrassus umbratilis [L. Koch, 1866] chalk/heathland r r

Hypsosinga albovittata [Westring, 1851] xerotherm r c c fc c

Hypsosinga pygmaea [Sundevall, 1832] chalk fc r

Lathys puta [O.-P. Cambridge, 1861] chalk c c

Leptyphantes mengei Kulczynski, 1887 heathland r r

Marpissa nivoyi [Lucas, 1846] xerotherm r

Mastigusa aerietina [Thorell, 1872] xerotherm r
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Species habitat Chalk BOUL FCD AWD PWN Heath

Mecopisthes peusi W underlich 1972 South r c

M etopobactrus prom inu lus

[O.P.-Cambridge, 1872] xerotherm r fc fc c

M icaria  dives [Lucas, 1846] xerotherm fc r fc

M icrargus subaequalis [Westring, 1851] chalk/heathland r

O zyp tila  a tom aria  [Panzer, 1841] xerotherm c fc c fc c c

O zyp tila  n ig rita  [Thorell, 1875] chalk/heathland c c c c c

O zyp tila  sanctuaria  [O.-P. Cambridge, 1871] South fc c r

Pardosa hortensis [Thorell, 1872] South r r

Pardosa m ontico la  [Clerck, 1757] xerotherm c c c c c fc

Pelecopsis nem oralis [Blackwall, 1841] coastal dunes c c r r

Pellenes nigrocilia tus  [C.L. Koch, 1839] South r

Peponocranium  lud icrum

[O.P.-Cambridge, 1861] chalk/heathland c c fc c c

Philodrom us aureolus [Clerck, 1757] South r

Philodrom us fa lla x  Sundevall, 1833 coastal dunes r

Phlegra fasc ia ta  [Hahn, 1826] xerotherm fc c c fc fc

Scotina celans [Blackwall, 1841] chalk c r

Scotina gracilipes [Blackwall, 1859] heathland r fc fc

Scotina pa llia rd i [L. Koch, 1881] chalk/heathland r r r r

Sitticus distinguendus  [Simon, 1868] coastal dunes fc

Sitticus sa lta to r [O.P.-Cambridge, 1868] coastal dunes c c fc

Steatoda a lbom acula ta  [De Geer, 1778] chalk r

Steatoda phalerata  [Panzer, 1801] chalk/heathland c fc r r

Syedra gracilis [Menge, 1866] South c r

Textrix denticu lata  [Olivier, 1789] heathland r

Thanatus arenarius Thorell, 1872 South c

Thanatus striatus C.L. Koch, 1845 xerotherm r r

Trichopterna cito  [O.P.-Cambridge, 1872] xerotherm c c c c

Typhochrestus d ig ita tus  [O.P.-Cambridge, 1872] xerotherm c c c c

Walckenaeria capito  [Westring, 1861] heathland r

Walckenaeria dysderoides [Wider, 1834] heathland r fc r

Walckenaeria fu rc illa ta  [Menge, 1869] chalk r r

Walckenaeria stylifrons [O.P.-Cambridge, 1875] South fc fc

Xerolycosa m in ia ta  [C.L. Koch, 1834] coastal dunes fc c

Xysticus acerbus Thorell, 1872 chalk c c

Xysticus erraticus [Blackwall, 1834] xerotherm c c fc fc c r

Xysticus kem pelin i Thorell, 1872 South fc

Xysticus n inn ii Thorell, 1872 South fc c fc c c

Xysticus sabulosus [Hahn, 1832] coastal dunes c c

Zelotes electus [C.L. Koch, 1839] xerotherm c c c c c

Zelotes la tre illi [Simon, 1878] chalk/heathland c c fc r

Zelotes longipes [L. Koch, 1866] xerotherm c c c c

Zelotes pedestris [C.L. Koch, 1837] chalk/heathland c fc r

Zelotes pusillus [C.L. Koch, 1833] chalk/heathland fc r c c c

Zelotes subterraneus [C.L. Koch, 1833] heathland r
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S p ider assem blages in th e  ecosystem  o f th e  F lem ish  coasta l dunes w ere 

s tru c tu re d  by va ria tio n  in veg e ta tio n  s tru c tu re  [succession], a tm o sp h e ric  and 

so il h u m id ity  and th e  presence o f  b o th  na tu ra l and a n th ro p o g e n ic  d is tu r ­

bance. In d ica to r species cou ld  be d e te rm in e d  fo r  a lm o s t a ll veg e ta tio n  types.

V a ria tio n  w ith in  th e  assem b lages fro m  d iffe re n t ve g e ta tio n  types c learly  

de pend s  on th e  m ean pa tch  s ize  o f  the se  h a b ita ts . E specia lly  sp a tia lly  sepa­

ra ted [fra g m e n te d ] h a b ita ts , w ith  re la tive  sm a ll pa tch  areas are ch a ra c te r­

ized by a large v a r ia tio n  in species c o m p o s it io n  and de fin e d  as u n s tab le  

assem b lages. A  m o re  d e ta iled  s tu d y  on th e  s p id e r assem b lages fro m  grey 

dunes [m o ss  d o m in a te d  dunes and s h o rt g rass land s ] in d ica te d  th a t to ta l 

species richness  does n o t increase in fu n c tio n  o f t h e  pa tch  area. The to ta l 

n u m b e r o f  typ ica l species is, however, la rg e r in la rg e r pa tches. These p a t­

te rn s  p o te n tia lly  re su lt fro m  h ig h e r edge in flu e n ce s  in sm a ll pa tches, th e  

expected h ig h e r m ic ro h a b ita t v a r ia tio n  in large pa tches o r  fro m  h ig h e r 

e x tin c tio n  ra tes o f  species in sm a ll pa tches, n o t co m p e n sa te d  by c o lo n iz a ­

t io n  events . F inally, pa tches are p o te n tia lly  to o  sm a ll to  su s ta in  s u ff ic ie n tly  

large p o p u la tio n s .

A ssem b la ges  fro m  large grey du ne  pa tches a lso sh o w  co n s id e ra b le  local 

and re g iona l v a r ia tio n  w ith in  fo u r  d is t in c t d u n e  re g ions  a lo n g  th e  N o rth  

Sea, w ith  a d iffe re n t g e o log ica l h is to ry  and land scape  s tru c tu re . T h is  v a r ia ­

t io n  can m a in ly  be a ttr ib u te d  to  d iffe ren ces  in loca l sand dyn a m ics  and th e  

re g io n . Species fro m  d y n a m ic  dunes are m a in ly  p resen t in grey dunes fro m  

B e lg ium  and France, w h ile  species fro m  n o n -d u n a l x e ro th e rm  ha b ita ts  

[cha lk  g rass land s  and h e a th la n d ] o ccu r in b o th  th e  B o u lo n n a is  and the  

N o rth  H o lla n d  d u n e  re g ion . These species are absen t fro m  th e  g e o lo g ica lly  

yo u n g  and iso la te d  F le m ish  coasta l dunes . R egional v a r ia tio n  in s p id e r 

assem b lage  c o m p o s it io n  hence re su lts  fro m  loca l land scape  ch a ra c te ris tics  

[dyn am ics  in th e  d u n e  area], th e  la titu d e  and th e  c o n n e c tiv ity  to  n o n -d u n a l 

x e ro th e rm ic  h a b ita ts . T h is  in d ica te s  th e  im p o rta n c e  o f  land scape  h is to ry  

and d ispe rsa l in  s tru c tu r in g  re g iona l assem b lages. A n e c d o tic , b u t in te re s t­

ing , is th e  o ccu rre n ce  o f  Xysticus n inn ii, a species p resen t in a lm o s t all s ites 

fro m  France and th e  N e th e rla n d s , b u t w ith in  th e  F le m ish  coasta l dunes 

o n ly  p resen t in th e  fo ss il du nes  o f  G hyve lde-C abour, w h ic h  are th e  o ld e s t
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w ith in  th e  reg ion  [Janssen &  B on te  1998]. T h is  species appears  to  be 

re s tr ic te d  in d ispe rsa l p o s s ib ilit ie s  [see ch a p te r I I I .2] and  is p ro b a b ly  in c a ­

pab le  o f  re ach ing  th e  y o u n g e r com p lexes  o f t h e  F le m ish  coasta l dunes .

A lth o u g h  o u r ana lys is  o f  th e  e n tire  coasta l d u n e  assem b lage  is based on 

s a m p lin g  ca m p a ig n s , c o n d u c te d  d u r in g  d iffe re n t years fro m  th e  1970 ’ s 

o n w a rd s , w e be lieve th a t o u r  in d ic a to r  species are u n a m b ig u o u s ly  id e n tif ie d  

w ith  th e  In d ica to rV a lu e  m e th o d  [D u frê n e  &  Legendre 1997] by u s in g  p re s ­

en ce /a b se n ce  da ta . Year-to-year v a r ia tio n , how ever, m ay be re sp o n s ib le  fo r  

th e  observed  in te r-h a b ita t va r ia tio n  [B aert &  D esen de r 1993; D esen de r 

1996; C a jdo s  &  To ft 2 0 0 0 ]. As a ll h a b ita t type s , w ith  exce p tion  o f  du ne  

w o o d la n d s  and th e  a r t if ic ia lly  created d u n e  slack, w ere  sa m p le d  d u r in g  d i f ­

fe re n t years, w e be lieve th a t d iffe re n t ra tes o f  v a r ia tio n  c a n n o t be a ttr ib u te d  

to  the se  te m p o ra l aspects, b u t m o re  to  d iffe ren ces  w ith in  th e  landscape  

s tru c tu re , as d e m o n s tra te d  fo r  th e  re la tio n  w ith  th e  m ean h a b ita t pa tch 

s ize. The ove ra ll p a tte rn  o f  th e  assem b lage  s tru c tu re  is very a like  th o se  

fo u n d  fo r  s p id e r  assem b lages in coasta l d u n e  sys tem s in o th e r  pa rts  o f  

E urope [D u ffe y  1968; A lm q u is t  1973; Bell et al., 1998] and fo r  o th e r  in ve rte ­

bra te  g ro u p s  in th e  F le m ish  coasta l dunes [D e se n d e r et al. 1992; P o lle t &  

G ro o ta e rt 1996] and o u ts id e  B e lg ium  [e.g. B o o m sm a  &  Van Loon 1982].

S p id e r asse m b lag e  s tru c tu re  in coasta l dunes fo llo w s  hence th e  p re d ic tio n s  

o f  P ianka [1994], a lth o u g h  w e c a n n o t d is c r im in a te  be tw een som e  p o te n tia l 

m e ch a n ism s  because th e y  are re la ted  to  each o ther. E specia lly  p a tte rn s  in 

h a b ita t he te rogene ity , p ro d u c tiv ity , m ic ro c lim a te  and d is tu rb a n c e  m ay be 

s tro n g ly  in te rre la te d . In coasta l d u nes , an increase o f  p ro d u c t iv ity  is re la ted  

to  an increase in s tru c tu ra l h e te ro g e n e ity  due to  m o re  c o m p le x  veg e ta tio n  

s tru c tu re , a loss o f  n a tu ra l d is tu rb a n c e  and an in c re a s in g  m ic ro c lim a to lo g i-  

cal s ta b ility  fo r  species liv in g  w ith in  th e  ve g e ta tio n . O n ly  e co lo g ica l t im e  can 

be cha rac te rised  as an in d e p e n d e n tly  fu n c t io n in g  m e ch a n ism , esp ec ia lly  at 

a la rg e r g e o g ra p h ic  scale. Ecological tim e , i.e. th e  t im e  needed by a species 

to  co lo n ise  new ly  op ened  o r  re m o te  areas o f  su ita b le  h a b ita t, p roved  to  be 

o f  h igh  im p o rta n c e  in s tru c tu r in g  s p id e r assem b lages in re g ions , w ith  a d i f ­

fe re n t degree o f  c o n n e c tiv ity  and g e o log ica l age. As species, fo r  w h ic h  s u it ­

ab le  h a b ita t is ava ilab le , are ab sen t fro m  th e  m o s t recent and iso la te d  du ne
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re g io n , w e  can co n c lu d e  th a t so m e  species fa iled  to  c o lo n ise  th is  re g ion  as 

fro m  th e  t im e  th e  h a b ita t o r ig in a te d . A t a s h o rte r  t im e  span, th e  absence o f  

species w ith in  su ita b le  h a b ita t, due  to  th e  fa ilu re  to  co lo n ise  s m a ll and is o ­

la ted u n o ccu p ie d  pa tches can a lso been in te rp re te d  as a re s tr ic tio n  o f  eco ­

log ica l t im e . W e can hence exp la in  th e  d e fic it o f  asse m b lag e  species r ic h ­

ness by area and th e  is o la tio n  o f t h e  s ites  [B ruu n  2 0 0 0 ]. O u r  re su lt are a lso 

in acco rdan ce  w ith  th e  th e o re tic a l fra m e w o rk , re cen tly  de ve lope d  by Chase 

[2003], th a t h is to ry  m a tte rs  in d e s ig n in g  m u lt ip le  e q u ilib r ia  o f th e  c o m m u ­

n ity  assem b lage  w hen  large re g iona l species po o ls , lo w  ra tes o f  c o n n e c tiv ity  

and lo w  degrees o f  d is tu rb a n c e  occur. The d is s im ila r ity  be tw een a sse m ­

blages [?-d i vers ity] increases as a re su lt o f  the se  m u lt ip le  e q u ilib r ia  a m o n g  

e n v iro n m e n ta lly  s im ila r  loca l c o m m u n it ie s . O n ly  in th e  case o f  h igh  d is p e r­

sal rates be tw een and w ith in  re g io n s , ? -d ive rs ity  w ill decrease, re s u lt in g  in a 

s in g le -e q u ilib r iu m  assem b lage  fo r  w h ic h  s ite  h is to ry  is o f  no im p o rta n c e  

[Chase 2003 ]. The s im ila r  assem b lage  s tru c tu re  be tw een th e  tw o , o n ly  

re cen tly  separa ted , d u n e  re g ions  in th e  N e th e rla n d s , c o n firm s  th e  p re d ic ­

t io n  o f  th e  la tte r th a t m o re  con nec te d  c o m m u n it ie s  are m o re  s im ila r  in 

species c o m p o s it io n  th a n  less con nec te d  ones.

O u r  observed  species-area  re la tio n s h ip  fo r  s te n o to p ic  species in th e  s p a tia l­

ly s tru c tu re d  grey du ne  fra g m e n ts  a lo n g  th e  F le m ish  coast can, however, 

in d ire c tly  de pend  on is o la tio n  and area, due  to  a loss o f  h a b ita t h e te ro g e n e ­

ity  and hence th e  absence o f  s u ff ic ie n t su ita b le  m ic ro h a b ita ts  [E riksson  et 

al. 1995]. H a b ita t heterogeneity  and p ro d u c tiv ity  are n a rro w ly  linked  in th e  

coasta l du n e  ecosystem  and appeared  to  be th e  m a jo r  d e te rm in a n t o f  th e  

assem b lage  s tru c tu re . Th is  tre n d  is w id e ly  accepted  and d o c u m e n te d  fo r  

d iffe re n t taxa in coasta l d u n e  ecosys tem s [D u ffe y  1968; Van d e r A a rt 1975; 

A lm q u is t  1973; K oeh le r et a l. 1995; D esen de r 1996; P o lle t &  G ro o ta e rt 1996, 

Bell et al. 1998; M a tto n i et al. 2 0 0 0 ]. In coasta l dunes , h ig h ly  p ro d u c tiv e  

h a b ita ts  are o fte n  cha rac te rised  by lo w  d e p th s  o f  th e  g ro u n d  w a te r [in  du ne  

slacks] and aeria l h u m id ity  w ill a lw ays be h igh , c e rta in ly  i f  ve g e ta tio n  is w e ll 

deve lope d . Th is  in co n tra s t to  exposed dry, lo w  p ro d u c tiv e  ve g e ta tio n , 

w he re  aeria l h u m id ity  and te m p e ra tu re  w ill sh o w  s tro n g  seasona l and da ily  

f lu c tu a tio n s  [A m pe  &  L a n g o h r 1996]. H u m id ity  e ffec ts , in d e p e n d e n t o f  

e ffects  o f  p ro d u c tiv ity , can hence be fo u n d  in s tru c tu ra l s im ila r  h a b ita ts  w ith

S p i d e r  a s s e m b l a g e s  f r o m  c o a s t a l  d u n e s :  g e n e r a l  d i s c u s s i o n  /  6 3



d iffe re n t levels o f  h u m id ity  like  m anaged  g rass land s  [d ry ve rsus w e t g rass­

lands in d u n e  slacks] and M a rra m  du nes . E specia lly  th e  se p a ra tio n  o f  

M a rra m  du nes  fro m  th e  seaside  and th e  in n e r du n e  fro n t,  stresses th e  

im p o rta n c e  o f  ae ria l h u m id ity , as species, in d ica tive  fo r  h u m id  du n e  slacks 

[e.g. M arpissa nivoyi, T ibellus m a ritim u s , C lub iona sub tilis ]. These species 

o c c u r in re la tive ly  h igh  n u m b e rs  in M a rra m  du nes  near th e  sea and are 

a lm o s t ab sen t in th o se  near th e  in n e r du n e  fro n t. Th is  p h e n o m e n o n  has 

a lso  been d e fined  as “ d o u b le  eco lo g ica l o ccu rre n ce ”  [D u ffe y  1968].

W ith in  grey dunes , h a b ita t p ro d u c t iv ity  senso s tric to  is o f  no im p o rta n c e  in 

s tru c tu r in g  loca l s p id e r assem b lages. Th is  lack  o f  any e ffec t o f  p ro d u c t iv ity  

can be a ttr ib u te d  to  th e  n a rro w  range o f  v a r ia tio n  w ith in  th e  sam p les  fro m  

grey dunes . D iffe rences  in p ro d u c tiv ity , re flec ted  and m e a su ra b le  in the  

d e v e lo p m e n t o f  th e  so il A -h o r iz o n , have h o w e ve r s ig n if ic a n t e ffects  on th e  

p resence o f  pa la tab le  s p r in g ta ils , w h ic h  are th e  m a in  prey fo r  sm a ll sp ide rs  

[B on te  et al. 2002e ; B on te  &  M e rte n s  2003 ]. These s p r in g ta ils  are a lm o s t 

c o m p le te ly  absen t w ith in  th e  grey du ne  h a b ita ts  d u r in g  th e  s u m m e r and 

a u tu m n  b u t scarce on m o re  p ro d u c tive , m e s o p h y tic  g rass land s  d u r in g  th is  

pe rio d . The observed  co va ry ing  p h e n o lo g y  p a tte rn s  o f  prey [s p r in g ta il] and 

p re d a to r [s te n o to p ic  sp id e rs ], p o te n tia lly  m asks an in flu e n ce  o f  p ro d u c t iv ity  

on th e  s p id e r  species c o m p o s it io n s . D ire c t e ffects o f  h a b ita t p ro d u c t iv ity  

[here prey a b unda nce ] are hence m o s tly  p ro n o u n ce d  d u r in g  s u m m e r and 

a u tu m n , and very s im ila r  d u r in g  th e  w in te r  and s p r in g  p e rio d . As th is  p e r i­

od co rre sp o n d s  w ith  h ig h e s t s p id e r a b unda nce  and species richn ess , d ire c t 

e ffec ts  o f  p ro d u c t iv ity  on h ig h e r t ro p h ic  levels [sp id e rs  as p re d a to rs  c o m ­

pared to  s p r in g ta ils  as p rey a t a lo w e r t ro p h ic  level] w ill p o te n tia lly  be c o n ­

cealed.

Effects o f  distu rbance  have o n ly  ra re ly  been d o c u m e n te d  as a d ire c t a sse m ­

b la g e -s tru c tu r in g  p a ra m e te r [M a tto n i et al. 2 0 0 0 ], a lth o u g h  m a ny  s tu d ie s  

focu sed  on m a n a g e m e n t e ffec ts  [e.g. G ib so n  et al. 1992; B on te  et al. 1999; 

B on te  et al. 2 0 0 0 b ; D enn is  et al. 2001; C a ttin  et a l . 2003 ]. B oth aeolian 

and m a n a g e m e n t d is tu rb a n c e  w e re  th e  th ird  im p o r ta n t fa c to r  in flu e n c in g  

s p id e r assem b lages in th e  F le m ish  coasta l du nes . A lth o u g h  th e  e ffec ts  o f  

n a tu re  m a n a g e m e n t c a n n o t a p r io r i be d ise n ta n g le d  fro m  pa ra m e te rs  re la t­

ed to  ve g e ta tio n  s tru c tu re , p ro d u c t iv ity  and m ic ro c lim a te , d iffe ren ces  in
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species c o m p o s it io n  be tw een a r tif ic ia l re s to re d  du n e  slacks and na tu ra l 

fo rm e d  ones, d o c u m e n t c lea rly  th e  in flu e n ce  o f  even n o n re c u rr in g  d is tu r ­

bance e ffec ts . In the se  n o t th e  absence o f  expected species [w h ich  is m o re  

an eco lo g ica l t im e  e ffec t] b u t th e  d o m in a n c e  o f  e u ry to p ic  species h ig h lig h ts  

th e  in flu e n ce  o f  d is tu rb a n c e  on th e  s p id e r assem b lage . The o rd in a tio n s  o f  

h a b ita ts , cha rac te rised  by aeo lian  d yn a m ics , in  th e  sam e d ire c tio n  as th e  

m a n a g e m e n t-d is tu rb e d  s ites , in d ic a te  s im ila r  in flu e n ce s  on th e  s p id e r 

assem b lage . A s p re d ic te d  by P ianka [1994], species o c c u rr in g  in the se  h a b i­

ta ts  are ge n e ra lis ts  o r  s tro n g  sp e c ia lis ts . G en e ra lis ts  have a b road n iche  

s p e c tru m  and are o fte n  re fe rred  to  as rude ra l species [m a x im a l IndVal levels 

at lo w  levels in th e  t w in s p a n  h ie ra rchy]. In c o n tra s t, h ig h ly  spec ia lised  

species have n a rro w  n iche  b read ths  [species as P hilodrom us fa lla x , o n ly  

o c c u rr in g  in the se  sandy d y n a m ic  ha b ita ts ]. The la tte r are c o m p le te ly  absen t 

in case o f  m a n a g e m e n t d is tu rb a n ce . W ith in  grey d u n e  h a b ita ts  across the  

fo u r  inve s tig a te d  re g ions , th e  m a g n itu d e  o f  aeo lian  d is tu rb a n c e  is even th e  

m a jo r  d e te rm in a n t o f  species v a r ia tio n . The p resence o f  species, re la ted  to  

sand d yn a m ics  is hence re sp o n s ib le  fo r  th e  v a r ia tio n  be tw een and w ith in  

sp id e r assem b lages in th e  fo u r  re g io n s . W e be lieve th a t th e  absence o f  ty p i­

cal coasta l du ne  species in grey du nes  o f  th e  N e th e rla n d s , w ith  nowadays 

lo ca lly  s im ila r  m a g n itu d e s  o f  d yn a m ics , o r ig in a te s  fro m  th e  to ta l d u n e  la n d ­

scape s tru c tu re , in flu e n ce d  by h is to ric a l s tr in g e n t la rge-sca le  fix a tio n s  o f  

d y n a m ic  san dy  dunes . A g a in , th is  s im ila r  h is to ry  decreases th e  /¡-d ive rs ity  

be tw een th e  in ve s tig a te d  D u tch  d u n e  re g io n s . The p re d ic tio n  th a t m o re  d is ­

tu rb e d  re g ions  [F le m ish  coasta l dunes , B o u lo n n a is ] are m o re  s im ila r  in 

c o m m u n ity  s tru c tu re  th a n  less d is tu rb e d  reg ions  [Chase 20 03 ] does no t 

ho ld  in o u r  s tudy. Probably, h is to r ic a l and  c lim a tic  fa c to rs  o ve rru le  th e  e ffec t 

o f  d is tu rb a n c e  in sh a p in g  s im ila r  assem b lages o r  d is tu rb a n c e  is n o t h igh  

e n ough  to  in d u ce  a decrease o f t h e  loca l [= a ] d ive rs ity , re s u lt in g  in a lo w  ß- 

d iv e rs ity  [C onne l 1978].

In a d d it io n  to  P ianka ’s [1994] p o te n tia l m e ch a n ism s  re sp o n s ib le  fo r  the  

s tru c tu re  o f  species assem b lages , b o th  edge effects [a t th e  loca l and reg iona l 

scale] and  la titu d e  [at th e  re g iona l scale] d e te rm in e  th e  d is tr ib u t io n  o f  s p i­

d e r species in coasta l d u n e  h a b ita ts . As e p ig e ic ^  sp id e rs  are m o b ile , a sse m ­

blages in sm a ll fra g m e n ts  are s tro n g ly  in flu e n ce d  by th e  species c o m p o s i-
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t io n  o f th e  ne ighbouring  hab ita ts . Th is  can be de duced  fro m  th e  nega tive  

re la tio n  be tw een th e  assem b lage  s ta b ility  and th e  m ean area o f t h e  respec­

tiv e  h a b ita t and fro m  th e  fa c t th a t th e  species-area  re la tio n s h ip  fo r  all 

species, in co n tra s t to  th e  spe c ia lised  ones, does n o t sh o w  a s ig n if ic a n t 

tre n d  in fu n c tio n  o f t h e  pa tch  size. A n a lo g u e  re su lts  w ere  observed  in s p i­

d e r assem b lages fro m  G erm an  in la n d  dunes [M e rken s  2 0 0 2 ]. Species 

in tru d in g  a p p a re n tly  h o s tile  h a b ita ts , can in th is  w ay su rv ive  o u ts id e  th e ir  

fu n d a m e n ta l n iche , a lth o u g h  loca l m o rta lity  can exceed re c ru itm e n t in case 

o f  a s o u rce -s in k  dyn a m ics  [P u lliam  2 0 0 0 ]. I f  o u r  observed  edge effects  

w o u ld  im p lic a te  th e  p resence o f  v ita l p o p u la tio n s , and n o t s p o ra d ic  excu r­

s io n s  o u ts id e  th e  na tive  h a b ita t, th is  w o u ld  ad dress th e  p o s s ib ility  th a t 

the se  species can extend th e ir  fu n d a m e n ta l n iche  in to  a b ro a d e r rea lised 

n iche . These s in k  p o p u la tio n s  can as a re su lt o n ly  su rv ive  i f  d ispe rsa l 

assures c o n tin u o u s  c o lo n is a tio n  o u t o f t h e  so u rce -m a trix .

A lth o u g h  n o t e x p lic itly  in ve s tig a te d , o u r  re su lts  in d ica te  th a t c lim a tic  fac to rs  

in flu e n ce  th e  d is tr ib u t io n  o f  species. A n n u a l te m p e ra tu re s  sh o w  a sm a ll bu t 

s ig n if ic a n t d if fe re n tia t io n  in fu n c tio n  o f t h e  la titu d e  and increase fro m  

N o rth -H o lla n d  [De Kooy: m ean te m p , o f  9 .4°C ]9, S ou th  H o lla n d  

[V liss in g e n : m ean te m p , o f  io ° C ]9 , F landers [K oks ijde : io ° C ]10 to  th e  

B o u lo n n a is  re g ion  [B o u lo g n e -su r-M e r: l o ^ C ] 11. R egional m ic ro c lim a tic  d i f ­

fe re n tia tio n  is be lieved to  co rre sp o n d  w ith  th is  m a c ro c lim a tic  d if fe re n tia ­

t io n , because o f  th e  s im ila r  sa m p le d  h a b ita ts . In co n tra s t to  p re c ip ita tio n  

and w in d  ve loc ity , w h ic h  d o  n o t s h o w  c o n s is te n t d iffe ren ces  be tw een the  

sa m p le d  re g io n s 9 -11, o n ly  te m p e ra tu re  is assu m ed  to  d e te rm in e  species 

d is tr ib u t io n  because o f  its  in flu e n ce  on sp e c ie s ’ life  h is to rie s  [P ianka 1994]. 

O th e r c lim a tic  fa c to rs  p ro b a b ly  in flu e n ce  sp e c ie s ’ a c tiv itie s  and are th e  rea­

son w h y  da ta  w ere  analysed by p re sence /ab sence  re co rds  and n o t on 

a b so lu te  o r  re la tive  a c tiv itie s  [n u m b e r o f  tra p p e d  in d iv id u a ls ]. Because o f  

th e  sm a ll la titu d in a l range and th e  o v e rru lin g  in flu e n ce  o f  loca l landscape  

fea tu re s  [see h igh e r], o u r  da ta  do  n o t s h o w  a d e c reas in g  to ta l species rich-

8 Species living above the soil surface

9 www.kiimadiagramme.de

10 Ampe el Langohr f1996]

11 Thumereiie f1993]
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ness w ith  in c re a s in g  la titu d e  [P ianka 1994]. In te re s t in g  is th e  decreas in g  

n u m b e r o f  species, liv in g  at th e  N o rth e rn  l im it  o f  th e ir  range w ith in  th e  

sm a ll la t itu d in a l g ra d ie n t: s te n o to p ic  species, w ith  a m o re  S o u th e rn  d is t r i­

b u tio n  are b e tte r rep rese n ted  in in th e  B o u lo n n a is  reg ion  th a n  in F landers 

[e.g. M ecopisthes peusi, Pellenes n igroc ilia tus, Thana tus arenarius, Xysticus  

kem pelin i] and are a lm o s t ab sen t fro m  th e  N e th e rla n d s  coasta l dunes . An 

a n nua l te m p e ra tu re  d iffe re n ce  o f  [less th a n ] i°C  is as a re su lt re flec ted  in 

th e  s p id e r species c o m p o s it io n . I f  so m e  o f  the se  species have a w e ll d e ve l­

oped d ispe rsa l ca p a c ity  o r  i f  th e y  are ab le  to  change  th e ir  d ispe rsa l capac ity  

[T hom a s et al. 2001], range exp ans ion  can be expected in fu n c tio n  o f  c l i­

m a te  change, as a lready d o c u m e n te d  fo r  th e  M e d ite rra n e a n  species 

D ip locephalus graecus [B on te  et al. 20 0 2 b ].

In c o n c lu s io n , w e d e m o n s tra te d  th a t s p id e r assem b lages w ith in  th e  e n tire  

ecosystem  o f t h e  F le m ish  coasta l du nes  and fro m  grey du nes  in fo u r  d if fe r ­

en t re g ions  are in genera l in flu e n ce d  by eco lo g ica l t im e , d is tu rb a n c e  and 

m e ch a n ism s  re la ted  to  th e  p ro d u c t iv ity  o f  th e  h a b ita t [ve g e ta tio n  succes­

s io n , h u m id ity , h a b ita t h e te ro gen e ity ]. As ep ig e ic  sp id e rs  are m o b ile , edge 

e ffec ts  are assu m ed  to  d e te rm in e  a d d it io n a l va r ia tio n  w ith in  and betw een 

assem b lages fro m  th e  sam e h a b ita t. Because w e w ere  ab le  to  id e n tify  in d i­

c a to r species fo r  a lm o s t a ll re le van t h a b ita t type s , d iffe re n t assem blages 

can be recogn ise d  in fu n c tio n  o f t h e  ve g e ta tio n  s tru c tu re . As d ispe rsa l is 

c ru c ia l in s tru c tu r in g  species d is tr ib u t io n , p o p u la tio n  s tru c tu re  and species 

ranges at large g e og ra ph ica l scales o r  w ith in  loca l p a tc h ily  d is tr ib u te d  p o p u ­

la tio n s  [Loreau &  M o u q u e t 1999; T h om a s  &  K un in  1999], I p resen t re su lts  

on its  e v o lu tio n a ry  and eco lo g ica l im p o rta n c e  in pa rt III o f  th is  th e s is .
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M ovem ent, m igration and dispersal

A n im a l and p la n t m o ve m e n ts  are one o f th e  m o s t s tud ied , yet least u n d e r­

s too d  concepts  in eco logy and e vo lu tio n a ry  b io logy. The m o tiva tio n s , causes 

and consequences are a ffected by eco log ica l and behav iou ra l pa ram e ters  like 

g row th  fo rm s , seasonality, h a b ita t and socia l system s [C lobert et al. 2001]. 

Th is  m o ve m e n t has consequences fo r  th e  in d iv id u a l, th e  p o p u la tio n  and the  

species d is tr ib u t io n . As a re su lt o f  its  e ffec t on th e  in c lus ive  fitn e s s 12, selec­

tive  fo rces a ffec t th e  d is tr ib u tio n , abundance  and d isp e rs io n  o f  in d iv id u a ls .

As sho w n  by D in g le  [1996] in h is  bo o k  “ M ig ra tio n , the  b io logy o f  life  on the  

m ove", m o ve m e n ts  can take  m a ny  fo rm s , fro m  fo ra g in g  to  m ig ra t io n  and 

a cc ide n ta l d isp la c e m e n ts . The te rm  dispersal has o ften  been con fu se d  w ith  

m ig ra tio n . M ig ra tio n  is used to  d e fin e  cyclic  in d iv id u a l m o v e m e n ts  across 

h a b ita ts , beyond  th e  h o m e  range, w hereas d isp e rsa l is used w ith in  th e  c o n ­

te x t o f  p re s u m p tiv e ly  one-way m ovem ents  and u su a lly  a p p lie d  to  in d iv id u a ls  

m o v in g  to  b re e d in g  lo ca tio n s  aw ay  fro m  th e  p lace th e y  w ere  b o rn , o ften  

w ith in  th e  in d iv id u a l h o m e  range. D ispe rsa l occu rs  ra re ly  th ro u g h o u t th e  

en tire  life -cyc le  o f  o rg a n is m s , is re s tr ic te d  to  sp e c if ic  life  stages, and o ften  

re la ted  to  m o rp h o lo g ic a l cha ra c te ris tic s  and phys ica l c o n s tra in ts  d e te r­

m in e d  by th e  e n v iro n m e n t [D in g le  1996].

The evolution o f  dispersal

D ispe rsa l is a Iife -h ¡s to ry  t ra it  th a t has p ro fo u n d  e v o lu tio n a ry  con sequences 

as it p o te n tia lly  d e te rm in e s  th e  level o f  gene f lo w  be tw een p o p u la tio n s  and 

a ffec ts  processes such  as loca l a d a p ta t io n 1?, sp é c ia tio n  and th e  e vo lu tio n  

o f  life  h is to ry  tra its . In th e  las t decades, several m e ch a n ism s  have been 

id e n tif ie d  th a t in flu e n ce  th e  e v o lu tio n  o f  d isp e rsa l s tra teg ie s . These th e o re t­

ical s tu d ie s  are m a in ly  based on m a th e m a tic a l m o d e ls  fo r  ga m e th e o ry  and 

seek to  de lin e a te  E vo lu tionary Stable S trategies  [D ie ckm a n n  et al. 1999]. In 

co n tra s t to  th e  ex tens ive  lite ra tu re  on th e  po ss ib le  m e ch a n ism s  th a t a ffec t 

th e  e v o lu tio n  o f  d isp e rsa l, a se rio us  gap exists be tw een th e o ry  and da ta  

[D ie ckm a n n  et al. 1999].
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M a th e m a tic a l m o d e ls , u s in g  E vo lu tio n a ry  S tab le  S tra teg ies  [ESS], p re d ic t 

th a t th e  e v o lu tio n  o f  d ispe rsa l is selected against by

Intrinsic costs [H a m ilto n  &  M ay 1977]: i f  d ispe rsa l is costly, because o f  

m o rta lity  d u r in g  tra v e llin g  o r  in ve s tm e n ts  in to  d ispe rsa l m o rp h o lo g y , 

o p tim a l d ispe rsa l ra tes w ill decrease.

Stable environmental heterogeneity and spatial variability  [H o lt  1985; 

D oebe li &  R uxton 1997; P arvinen 1999; M a th ia s  et al. 2001] and pre­

d ictab ility  o f  habita t quality  [S o u th w o o d  1962; Van Valen 1971; M cP eek 

&  H o lt  1992]: in s tab le , s p a tia lly  he te ro g e n e o u s  h a b ita ts , r isks o f  local 

e x tin c tio n s  are lo w  and d isp e rsa l s h o u ld , because o f t h e  a ff ilia te d  costs 

[lo w  chances in re ach ing  su ita b le  h a b ita t, w h ic h  are p a tc h ily  d is tr ib u te d ], 

n o t evo lve  to w a rd s  h igh  d isp e rsa l ra tes. T e m po ra l p re d ic ta b ility  o f th e  

h a b ita t q u a lity  se lects ag a in s t d isp e rsa l because o rg a n ism s  experience  

c e rta in ty  o f  resources in th e  loca l h a b ita t and  do  n o t need to  in ve s t in 

d isp la ce m e n ts . In case h a b ita ts  f lu c tu a te  b o th  sp a tia lly  and te m p o ra lly , 

o p tim a l d ispe rsa l ra tes de pend  on h o w  b o th  are co rre la te d .

In c o n tra s t, increased levels o f  d isp e rsa l, are se lected  by:

Kin competition  [H a m ilto n  &  M ay 1977; Perrin &  Lehm an 2001; Lehm an 

&  P errin  2 0 0 2 ]: c o m p e tit io n  a m o n g  kin se lects fo r  d ispe rsa l as it  reduces 

c o m p e tit io n  be tw een c lose  re la tives , even in th e  absence o f  o th e r  d is p e r­

s a l-p ro m o tin g  fa c to rs , such as un s ta b le  h a b ita ts .

Inbreeding depression [C hesser &  Rym an 1986; P errin  &  M a za lo v  1999; 

Perrin  &  M a za lo v  2 0 0 0 ]: costs  o f  in b re e d in g  can a lso  se lec t fo r  d ispe rsa l 

and are in d e p e n d e n t o f  c o m p e tit io n  be tw een k in . The avo id ance  o f  

in b re e d in g  a d d it io n a lly  se lects fo r  a sex-biased d ispe rsa l [Pusey 1987; 

M o tro  1991], in  w h ic h  th e  m o s t c o m m o n  sex is th e  d ispe rsen  In po lygy- 

nous m a tin g  sys tem s, a m a le -b ia sed  d isp e rsa l is se lected  to  reduce 

in b re e d in g  w ith in  th e  na ta l p o p u la tio n  and to  reduce m a le -c o m p e tit io n  

[e.g. G re e n w o o d  1980, D obso n  1982; G re e ff 20 02 ].

12 The expected contribution o f  an allele, genotype or phenotype to fu ture generations, relative to the contribution made 

by others in its present population [Begon et ai. rgg6; Stearns 1992]

13 Characteristics o f  organisms evolved as a consequence o f  natural selection in its evolutionary past and which results in 

a close match with features o f  the environment and/or constrain the organism to live in a narrow range o f  environments 

[Begon et ai. 1996]
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E m p irica l ev idence  o f  the se  p o te n tia l causes o f  d isp e rsa l is h o w e ve r scarce, 

c e rta in ly  because a co m p a ris o n  o f  in te rs p e c if ic  d iffe ren ces  in d ispe rsa l 

tra its  o f  even c lose ly  re la ted  species needs th e  in te g ra t io n  o f  ph y lo g e n e tica l 

in d e p e n d e n t co n tra s t [P IC ’s], in  o rd e r to  co rre c t fo r  p o te n tia l co va ry in g  evo ­

lu tio n a ry  adap ted  tra its  [S tearns 1992]. These co n tra s ts  be com e  s low ly  

ava ilab le , as a re su lt o f  th e  increased use o f  g e n e tic  m a rke rs  in  p h y lo g e n e ti­

cal c la d is tic s . Evidence fo r  th e  ex is tence o f  the se  p o te n tia l m e ch a n ism s  in 

a r th ro p o d s  is s u m m a ris e d  hereafter.

R o ff [1977] d o cu m e n te d  th e  energe tic  costs o f  active d ispe rsa l in D ip te ra , 

w h ich  w as re flected in a reduced egg p ro d u c tio n . As costs decreased w ith  

inc re as ing  size, th e  p ro b a b ility  o f  d ispe rsa l w as size dependen t, and sm a ll 

flies  d ispe rsed  at low e r p ro b a b ilit ie s . A cco rd in g  to  Berw aerts et al. [2002], the  

acce le ra tion  capac ity  o f th e  b u tte rf ly  Pararge aegeria was a lso re la ted to  m o r­

p h o log ica l cha rac te ris tics  such as body m ass and w in g  load ing , in d ica tin g  

th a t costs o f  d ispe rsa l are h igh e r in sm a lle r b u tte rf lie s . A cco rd in g  to  T h om a s 

et al. [1998], these  tra its  m ay have a he ritab le  c o m p o n e n t and have th e re fo re  

th e  po te n tia l to  respond  ra p id ly  to  se lec tion  ac tin g  on f l ig h t  m o rpho logy . In 

th e  b iv o ltin e  bu tte rfly , Araschnia levaría, th e  s u m m e r ge nera tion  is cha rac­

te rised  by a larger re la tive w in g  size and low er w in g  lo ad ing . In d iv id u a ls  fro m  

th is  ge nera tion  have a h ig h e r m o b ility  [Fric &  Konvicka 2002 ], a lth o u g h  o th e r 

m e chan ism s  lead ing  to  th is  va ria tio n  o f  m o b ility , like te m p o ra l va ria tio n  in 

h a b ita t qua lity, w ere n o t s tu d ie d . S im ila rly , th e  e ffec t o f  a low er w in g  size, re l­

a tive to  th e  body size led to  increased energe tic  costs in a P ierid b u tte rf ly  

[K ingso lve r 1999]. N everthe less, in it ia l d ispe rsa l rates o r surv iva l d id  no t d if ­

fe r between m a n ip u la te d  bu tte rflie s  and th e  c o n tro l g ro u p  [K ingso lve r 1999], 

in d ic a tin g  th a t a p pa re n t se lec tion  fo r  d ispe rsa l in fu n c tio n  o f  in tr in s ic  costs 

sh o u ld  n o t a p ro iri be re la ted to  these . O th e r se lec tion  m e chan ism s m ay 

hence be m o re  im p o rta n t in sha p ing  d ispe rsa l p a tte rn s . The cost o f  d isp e rs ­

ing  a lso increases as th e  d is ta nce  betw een pa tches increases and co n n e c tiv i­

ty  decreases. Hence, fro m  a ce rta in  degree o f  iso la tio n  onw ards, se lec tion  

aga ins t d ispe rsa l-re la ted  tra its  m ay be expected [D e m p s te r et a!. 1976; 

D e m p s te r 1991; Le im ar &  N o rb e rg  1997; N o rb e rg  &  Le im ar 2002].

S e lec tion  p ressure s , re la ted  to  th e  h a b ita t s ta b ility  and  p re d ic ta b ility  is best

E v o l u t i o n a r y  a n d  e c o l o g i c a l  a s p e c t s  o f  d i s p e r s a l , w i t h  e m p h a s i s  o n  s p i d e r  d i s p e r s a l  b e h a v i o u r  /  71



d o c u m e n te d  in a rth ro p o d s . The co n ce p t o f  a decreased m o b ility  o f  species 

liv in g  in p re d ic ta b le  and s tab le  h a b ita ts  w as f irs t  p ropose d  by S o u th w o o d  

[1962]. Extensive e m p ir ic a l ev idence is ava ila b le  fo r  b u tte rf lie s  [as can be 

de duced  fro m  da ta  in B ink  1997; M aes &  Van Dyck 1999], carab id  beetles 

[D e se n d e r 1987; D esen de r 1989b; Den B oer 1999], w a te r bugs [K a ita ia  1988] 

and fo r  sp id e rs  o f t h e  genus Pardosa [R ich te r 1970; G re e n s to n e  1982]. 

R ich te r [1970] however, co u ld  n o t su b s ta n tia te  th is  h yp o th e s is  because o f  

h is c o n fu s in g  d e fin it io n  o f  th e  s ta b ility  o f  th e  h a b ita t. In is land  p la n t p o p u ­

la tio n s , a reduced se le c tio n  fo r  w in d  d isp e rsa l has been observed  fo r  ge n e r­

a lis t a n e m o ch o ro u s  w eeds, in c o m p a ris o n  to  m a in la n d  p o p u la tio n s , and 

p o te n tia lly  enhances a s tro n g  loca l a d a p ta tio n  to  th e  e n v iro n m e n t [C a rlq u is t 

1966; C ody &  O ve rto n  1996], a lth o u g h  th e  la tte r has n o t been inves tig a ted  

o r  d o cu m e n te d .

The a vo id ance  o f  c o m p e tit io n  a m o n g  kin can a lso  se lec t fo r  d isp e rsa l, 

a lth o u g h  m a in ly  d o c u m e n te d  in m a rin e  in ve rte b ra te s  [Kasuya 2 0 0 0 ] and 

b ird s  [e.g. Yates et al. 2 0 0 0 ; Cale 2003 ]. M a n y  s tu d ie s , however, d id  n o t fin d  

any se lec tio n  due to  k in c o m p e tit io n  [W h e e lw rig h t &  M a u ck  1998; B oda s in g  

et al. 2 0 0 2 ; K rackow  2003 ]. In soc ia l species, d isp e rsa l can be se lected 

ag a in s t due  to  p h ilo p a tr ic  bene fits  [like  h e lp in g  b e h a v io u r], as d o cu m e n te d  

fo r  ve rteb ra tes  [e.g. Lessels et al. 1994] and in ve rte b ra te s  [Johannesen &  

Lub in  2001; Powers &  A v iles  2003]

E m p irica l ev idence  o f  se lec tio n  fo r  in b re e d in g  avo id ance  is even scarcer, 

and s tu d ie s  on sex-biased d ispe rsa l can o ften  n o t d is tin g u is h  betw een 

in b re e d in g  avo id ance  o r  th e  e ffec t o f  m a le  c o m p e tit io n . Even i f  genera l p a t­

te rn s  are c o n s is te n t w ith  p re d ic tio n s  o f t h e  in b re e d in g -a vo id a n ce  h y p o th e ­

s is, th is  hyp o th e s is  s h o u ld  n o t p re d ic t th e  observed  sex-biased [m a le- 

b iased] d isp e rsa l p a tte rn s , and  ev idence  is o fte n  g iven  ag a in s t [Caley 1987; 

D ua rte  et al. 2003 ]. D ire c t s tu d ie s  on increased d ispe rsa l rates in  case o f  

in b re e d in g  o ften  fa il to  p rove  ev idence  [N e g ro  et al. 1997], due  to  th e  in te r ­

fe rence  o f  tra d e -o ffs  w ith  b e ne fits  o f  re s tr ic t in g  na ta l d isp e rsa l, as th e  a va il­

a b ility  o f  su ita b le  h a b ita t [D an ie ls  &  W alte rs  2 0 0 0 ]. The re la tio n s h ip  

be tw een in b re e d in g  avo id ance  and d isp e rsa l has u n til n o w  o n ly  been d o c u ­

m e n te d  fo r  b ird s  [G reenw o od  et al. 1978; V an tie nde ren  &  V a n n o o rd w ijk
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1988; B yho lm  et al. 2003] and m a m m a ls  [B o llin g e r et al. 1993].

Evidence s u p p o r t in g  th e  hyp o th e s is  o f  K isdi [20 02 ] th a t r is k  sp re a d in g  in 

s to c h a s tic  e n v iro n m e n ts  and a d a p ta tio n  to  p e rm a n e n t p ro p e rtie s  o f  local 

ha b ita ts  in te rp la y  in th e  s im u lta n e o u s  e vo lu tio n  o f  d ispe rsa l and h a b ita t spe ­

c ia lisa tio n  is n o t ava ilab le  [w ith  excep tion  o f  B onte  et al. 2003d , see II I .2]. 

Because o f  th e  a p p a re n t large cos t o f  passive aeria l d ispe rsa l in  fra g m e n te d  

landscapes and is land s , w e expect p o s it ive  se lec tio n  i f  th e  in d iv id u a l bene­

fits  fro m  th e  d ispe rsa l. N a tu ra l se lec tio n  s h o u ld  reduce w e ll-d eve lop ed  aerial 

d ispe rsa l behav iou r, i f  th e  risk  o f  la n d in g  in an u n su ita b le  h a b ita t is h igh or 

i f  th e  species is s tr ic tly  spec ia lised  to  th e  h a b ita t. S e lec tion  fo r  d ispe rsa l in 

gene ra lis ts  sh o u ld  as a re su lt fa v o u r risk  sp re a d in g  because o f  a s u b o p tim a l 

a d a p ta tio n  to  th e  loca l h a b ita t, w h ile  d ispe rsa l is se lected ag a ins t in sp e c ia l­

ists by a s tro n g  a d a p ta tio n  to  local e n v iro n m e n ta l co n d it io n s .

O b v io u s ly , the se  th e o re tic a l a d ap tive  m e ch a n ism s  in te ra c t in  sh a p in g  d is ­

persa l p a tte rn s  in p o p u la tio n s . V a ria tio n  in d ispe rsa l a b ility  w ill be a d d it io n ­

a lly  d e te rm in e d  by p o s tn a ta l e n v iro n m e n ta l e ffec ts , w h ic h  sum  and in te ra c t 

w ith  th e  ad a p tive  c o m p o n e n t [Im s  &  H je rm a n  2001]. These m u lt ip le  se lec­

tiv e  fo rces u n d e rly in g  th e  d isp e rsa l p a tte rn  o f  p o p u la tio n s , at d iffe re n t sp a ­

tia l scales, are re sp o n s ib le  fo r  ob se rva tio n s  o f  a p p a re n tly  u n u su a l h igh  o r 

lo w  d ispe rsa l ra tes in fu n c tio n  o f  one  o f  th e se  se lec tive  m e ch a n ism s  

[Ferrie re  et a l., 2 0 0 0 ]. E specia lly  h igh  d ispe rsa l rates in fu n c tio n  o f  th e  h a b i­

ta t  s ta b ility  m ay have been shaped by o th e r  se lec tive  p ressures o r  by s p e c if­

ic  e n v iro n m e n ta l tr ig g e rs . In sp id e rs , fo r  exam p le , th e  observed  d ispe rsa l 

fre q u e n c ie s  in  th e  o b lig a te  b u rro w in g  and c u rso ria l re s id e n t Geolycosa- 

species fro m  s tab le  h a b ita ts  are un expec ted ly  h igh  [M ille r  1984]. A lth o u g h  

h a b ita t s ta b ility  w as de rived  fro m  c lim a to lo g ic a l da ta  and n o t fro m  o th e r 

p o te n tia l e n v iro n m e n ta l fa c to rs  like  th e  s ta b ility  o f t h e  h a b ita t s tru c tu re  

[ve g e ta tio n  su cce ss io n ] o r  n a tu ra l sand d yn a m ics , th e  observed  h igh  fre ­

qu enc ies  m ay re su lt fro m  se lec tio n  ag a in s t in b re e d in g  as w in d  d ispe rsa l is 

in  the se  species th e  o n ly  re le van t d ispe rsa l m o d e , e n a b lin g  o ffs p r in g  to  

avo id  k in fo r  m a tin g  o r  fro m  se lec tio n  ag a in s t kin c o m p e tit io n  i f  resources 

are lim ite d  in th e  n e ig h b o u rh o o d  o f th e  nest.
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The genetic basis o f  dispersal

The in c re a s in g  ev idence  on v a r ia tio n  in d isp e rsa l show s th a t tra its , re la ted 

to  d isp e rsa l, are n o t ra n d o m ly  expressed be tw een and w ith in  p o p u la tio n s , 

b u t e v o lu tio n a ry  d e te rm in e d . A s a d d itiv e  v a r i a t i o n 1 ^  o fte n  expressed as 

h e rita b i I ity 15 h 2 [ra tio  o f t h e  a d d itiv e  v a r ia tio n  on th e  to ta l p h e n o typ ic  v a r ia ­

t io n 1® Vy^/Vp], is th e  key-source fo r  e v o lu tio n , q u a n tita tiv e  g e n e tic  ana ly­

ses1? w ere  ap p lie d  to  d e te rm in e  th e  m a g n itu d e  o f  th e  ad a p tive  va lue  [Lynch 

&  W alsh 1998; M a ze r &  D a m u th  2001; R o ff &  Fa irba irn  2001]. The d ispe rsa l 

cap ac ity  can be expressed in m o rp h o lo g ic a l, be h a v io u ra l and p h ys io lo g ica l 

tra its , w h ic h  are [o ften  re la tive ly ] easy to  m easu re  u n d e r fie ld  and la b o ra to ry  

c o n d it io n s . These sou rces o f  p h e n o ty p ic  v a r ia tio n  w e re  used fo r  h e r ita b ility  

e s tim a te s  by s ib -a na lys is  and a r tif ic ia l se lec tio n  [D in g le  1996].

In d iv id u a ls  w ith in  a p o p u la tio n  are o fte n  d iv id e d  in tw o  g ro u p s : d ispe rse rs  

and no n -d isp e rse rs , each w ith  its  typ ica l se t o f  life  h is to ry , m o rp h o lo g ic a l, 

be h a v io u ra l and p h ys io lo g ica l ch a ra c te ris tic s . T h is  d ic h o to m iz a tio n , h o w e v­

er, is o fte n  m is le a d in g  as it im p lie s  a very p a r t ic u la r  and u n like ly  M e n d e lia n  

g e n e tic  a rc h ite c tu re  u n d e rly in g  the se  tra its  [R o ff &  Fa irbarn 2001], a lth o u g h  

th e  la tte r ex is t in th e  M e d ite rra n e a n  bug  H orva th io lu s  g ibb ico llis  [S o lb reck 

1986]. G e n e tic  v a r ia tio n  in tra its  re la ted  to  d isp e rsa l, appears o ften  to  be 

u n d e r po lyg e n ic  c o n tro l [D in g le  1996], as ex tens ive ly  d e m o n s tra te d  and 

rev iew ed by R o ff &  Fa irba irn  [2001], fo r  w in g  d im o rp h is m  o f  insec ts , th e  

bo dy  m o rp h  in sa lm o n , b e hav iou ra l tra its  as f l ig h t  d u ra tio n , a n em o tax is , 

s e tt lin g  b e h a v io u r in insec ts , m ig ra to ry  b e h a v io u r in b ird s  and ph ys io lo g ica l 

cha ra c te ris tic s  as m e ta b o lic  enzym e a c tiv ity  and f l ig h t  m u sc le  h is to ly s is . 

Even less o b v io u s  d ispe rsa l ch a ra c te ris tic s , as b e h a v io u r-a t-b o u n d a rie s , can 

re ly on h e rita b le  v a r ia tio n  [M e rckx  et al. 2003], a lth o u g h  th e  la tte r d id  n o t

14 The variance among individuáis in breeding values [Stearns 1992]

15 Proportion o f  the tota l phenotypic variance among individuals in a population that is accounted fo r  by additive genetic 

variance [Stearns 1992]

16 Variation in the expression o f  genotypes in interaction with the environment during the course o f  the growth and devel­

opment o f  the organism [Stearns 1992]

77 The genetics o f  a tra it that varies continuously and that are determined by large number o f  genes each with relatively 

small effects. It is a statistical method o f  inferring genetic influences from  phenotypic variation. [Stearns 1992]
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c o n tro l fo r  g e n e tic  co rre la tio n s  w ith  o th e r  ad a p tive  tra its  o r  m a te rn a l 

e ffec ts . The e s tim a te d  h e r ita b ilit ie s  are, w ith  exce p tion  o f  so m e  b e hav iou ra l 

tra its , la rg e r th a n  0 .3 0 , in d ic a t in g  th a t the se  tra its  m ay ra p id ly  re sp o n d  to  

se le c tio n . Th is  p o te n tia l fa s t m i c r o e v o l u t i o n 1 ^  has been observed  in a r t i f i ­

c ia l se le c tio n  e xp e rim e n ts  on beetles T ribo lium  [D in g le  1984], bugs 

O ncopelthus  [P a lm e r &  D in g le  1986; P a lm er &  D in g le  1989], c r icke ts  Gryllus  

[R o ff 1990] and th e  w a rb le r Sylvia a tr ica p illa  [B e rth o ld  1988]. A c c o rd in g  to  

R o ff [1986b], th e  p o l y g e n e t i c 1 9 c o n tro l o f  th e  exp ress ion  o f  tra its , n a rro w ly  

lin ke d  to  d isp e rsa l, can be exp la ined  by th e  fa c t th a t [i] m a ny  fa c to rs  c o n ­

tr ib u te  to  th e  d ispe rsa l b e h a v io u r and are assoc ia ted  w ith in  p h ys io lo g ica l 

and  Iife -h ¡s to ry  tra its  and [ii] due  to  th e  p resence o f  m a ny  re sponse  pa tte rn s  

on th e  se lec tive  p ressu re  in p o lyg e n e tic  sys tem s.

A d d itio n a lly , m a ny  tra its  th a t c o n tr ib u te  d ire c tly  to  th e  in d iv id u a l fitn e ss  

[fe cund ity , bo dy  size, d e v e lo p m e n t t im e ] o fte n  co rre la te  w ith  d ispe rsa l- 

lin ke d  tra its , a lth o u g h  n o t a lways in th e  sam e d ire c tio n  [R o ff &  Fa irba irn  

2001]. These p a tte rn s  o f  ge n e tic  c o r re la t io n 20  in d ica te  th a t d isp e rsa l in  se 

can covary and tra d e -o ff ag a in s t m o rp h o lo g ic a l o r  life -h is to ry  ch a ra c te ris tics  

and th a t se le c tio n  on m o rp h o lo g ic a l o r  life  h is to ry  tra its  in d ire c tly  can se lect 

fo r  o r  ag a in s t d isp e rsa l, o r  vice versa. G e n e tic  co rre la tio n s  co m e  a b o u t 

th ro u g h  e ith e r by linkage  o r  p le io tro p y 21, and p le io tro p y  seem s m o re  like ly  

fo r  m ig ra tio n  o r  d ispe rsa l s yn d ro m e s  because ge n e tic  linkages te n d  to  be 

broken  up  by re c o m b in a tio n  events o v e r t im e  [D in g le  &  H o lyo a k  2001]. 

V a ria tio n  be tw een in d iv id u a ls  fro m  th e  sam e species o r  fro m  th e  sam e p o p ­

u la t io n  can p o in t to w a rd s  th e  p resence o f  m ixed e m ig ra tio n  s tra teg ie s  w ith ­

in th e  p o p u la tio n  [W eym an et al. 2 0 0 2 ]. P articu la rly , w hen  th e  b e ne fits  asso ­

c ia ted  w ith  a p a r t ic u la r  b e h a v io u r a lso  de pend  on th e  b e h a v io u r o f  o th e rs , 

th e  ESS m ay be to  have a m ix tu re  o f  b e h av iou rs  [M a yn a rd -S m ith  1974, 

M a yn a rd -S m ith  1976]. A c c o rd in g  to  Parker &  S tu a rt [1976], m ixed  d ispe rsa l

18 M inor evolutionary event usually viewed over a short period o f  time ¡few generations] within a population [Lincoln

1982]

19 A tra it influenced by the expression o f  many genes

20 The portion o f  a phenotypic correlation between two traits in a population that can be attributed to additive genetic

effects [Stearns 1992]

21 One gene affects two or more traits [Stearns 1992]
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s tra teg ie s , w h ic h  o fte n  ap p e a r to  be ra n d o m ly  exp ressed , w ith in  a p o p u la ­

t io n  co u ld  re su lt fro m  a ge ne tica lly  m o n o m o rp h ic  p o p u la tio n , in w h ic h  in d i­

v id u a ls  are e v o lu tio n a ry  d e te rm in e d  to  se lect d iffe re n t e m ig ra tio n  th re s h ­

o lds  fro m  th e  sam e p ro b a b ility  d is tr ib u t io n , based on th e ir  in d iv id u a l p e r­

c e p tio n  o f  th e  resource  q u a n tity  and q u a lity ; o r  it co u ld  re su lt fro m  ge ne tic  

p o ly m o rp h is m  w ith  respect to  th e  th re s h o ld  va lues o f  resources th a t tr ig g e r  

e m ig ra tio n , w h e re b y  each in d iv id u a l a lways has th e  sam e th re s h o ld .

*! Proximate mechanisms o f  dispersal: the influence o f  the environment

In a d d it io n  to  th e  above described  ge n e tic  a d a p tive  m e ch a n ism s  u n d e rly in g  

th e  d ispe rsa l p ro p e n s ity  o r  d ispe rsa l ra te o f  o rg a n is m s  [inna te  fa c to rs ], e n v i­

ro n m e n ta l m e ch a n ism s  m ay in flu e n ce  d ispe rsa l p a tte rn s  [p rox im ate  fac to rs ]. 

B o th  processes o r ig in a te  s im ila r it ie s  in d ispe rsa l b e h a v io u r a m o n g  s ib lin g s  

[M a s s o t &  C lo b e rt 2 0 0 0 ].

The pa thw ay  be tw een th e  e n v iro n m e n t and th e  f in a l d ispe rsa l even t can be 

a d ire c t b e h a v io u ra l re sponse  o f  th e  o rg a n is m  to w a rd s  th e  e n v iro n m e n t 

[e.g. p h o to p e r io d , go od  w e a th e r c o n d it io n s , sca rc ity  o f  prey, c ro w d in g  c o n ­

d it io n s ...] o r  in d ire c tly  m e d ia te d  by th e  ph en o typ e  th a t w as d ire c tly  in f lu ­

enced by th e  e n v iro n m e n t [a changed  in te rn a l c o n d it io n ]. Exam ples o f  th e  

la tte r are an in c re a s in g  d ispe rsa l re s u lt in g  fro m  a decrease in g ro w th  ra te o r 

a change  in h o rm o n a l [o r e n e rge tic ] s ta te , due  to  a bad h a b ita t qua lity . The 

e n v iro n m e n t hence in flu e n ce s  th e  c o n d it io n  o f  th e  o rg a n is m , w h ic h  w ill be 

th e  d ire c t tr ig g e r  to  d ispe rse  and n o t th e  e n v iro n m e n t p e rse  [Im s  &

H je rm a n  2001]. A c c o rd in g  to  M a sso t &  C lo b e rt [2 0 0 0 ] c o n d it io n -d e p e n d e n t 

d isp e rsa l, can be p rena ta l and p o s tn a ta l. P ostna ta l c o n d it io n -d e p e n d e n t 

d ispe rsa l m e ch a n ism s  in c lu d e  th e  d ire c t e ffec ts  o f  th e  e n v iro n m e n t on th e  

o rg a n is m , a fte r it w as b o rn , so changes in th e  c o n d it io n  d u r in g  its  life . 

P renata l c o n d it io n s , on th e  o th e r  ha nd , are e ffects  o f  th e  e n v iro n m e n t on 

th e  o rg a n is m ’ s c o n d it io n  d u r in g  th e  e m b ry o n ic  d e v e lo p m e n t and in c lu d e  

m a te rn a l e ffe c ts2 2 . I f  m a te rn a l e ffec t are lin ke d  w ith  th e  in te rn a l c o n d it io n s , 

a t im e  lag w ill be p resen t be tw een th e  e n v iro n m e n ta l cue and th e  expres-

22 A ll phenotypic effects in the progeny that can be associated with the mother bat not attributed to her breeding value

[Stearns 1 99 2]
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s ion  o f  th e  d isp e rsa l tra it .  These m a te rn a l e ffec ts  can be invo lve d  w hen  p h e ­

n o ty p ic  s p e c ia lisa tio n  fo r  d isp e rsa l takes p lace at an early  o n to g e n e tic  stage 

[d u r in g  early  ju v e n ile  d e ve lo p m e n t], and  w hen  th e  o ffs p r in g  are n o t capable  

o f  p e rce iv in g  cues fro m  th e  exte rna l e n v iro n m e n t. In th is  sense, a m a te rn a l 

lin k  in th e  pa thw ay  o f  c o n d it io n -d e p e n d e n t d isp e rsa l conveys in fo rm a t io n  

a b o u t th e  e n v iro n m e n t n o t yet access ib le  to  th e  o ffs p r in g  [Im s  &  H je rm a n n

2001]. These responses m ay h e lp  th e  o ffs p r in g  to  se ttle  succe ss fu lly  in th e ir  

na ta l e n v iro n m e n t o r  to  increase th e ir  lik e lih o o d  to  d ispe rse  [De F ra ip o n t et 

al. 2 0 0 0 ]. A lth o u g h  m a te rn a l e ffec ts  are o fte n  in te rp re te d  as a n o n -g e n e tic  

fo rm  o f  h e re d ity  [Sorci et al. 1994], th e y  can be e v o lu tio n a ry  s ig n if ic a n t i f  

ge no typ e  and e n v iro n m e n t s tro n g ly  co rre la te  and i f  m a te rn a l e ffects  

increase o ffs p r in g  fitn e ss  o r  w hen  m a te rn a l e ffects  d if fe r  be tw een m a te rn a l 

ge no typ es  [M o ussea u  &  Fox 1998; M a ze r &  D a m u th  2001].

These th re e  d iffe re n t pa thw ays, in w h ic h  th e  e n v iro n m e n t in flu e n ce s  th e  

d isp e rsa l p a tte rn  o f  o rg a n is m s  is v isu a lise d  in Fig. I I I .1-1 [a fte r Im s  &  

H je rm a n n  2001].

[A]

Environmental cue ------- * Phenotype — > Dispersal

Behavioural response

[B]

Envlramenta1 domain Internal domain

Condition — ► Cue M o th e r— > Offspring Dispersal

Fig. III.1-1. Alternative causal pathways between an environmental cue and the consequent dispersal response. [A] 

Direct pathways following an immediate behavioural response and indirect pathway mediated through a change o f 

the phenotype. [B] Extended, indirect pathways, due to several links in the environment and internal domains [after 

Ims &  Hjermann 2001].
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Typ ica l exam ples o f  d ire c t re ac tions  to w a rd s  cha ra c te ris tic s  o f  th e  h a b ita t 

are re sponse s  to  resource depriva tion  fo o d  a va ila b ility : W ard 1986; W eym an 

& J e p s o n  1994; K re ite r& W is e  2001; M a tte r  &  Roland 2 0 0 2 ; host 

abundance : M a tte r  &  R o land, 2 0 02 ; H ansk i 1999a; H a n sk i et al. 2 0 0 2 ], the  

season and  pho toperiod  [C roach &  Lub in  2001; Ide 2 0 0 2 ], c lim a te  [C roach et 

al. 1998; Isaacs &  Byrne 1998], substrate m im ic ry  [M o rse  1993; A ltm o o s

2001], s o ft pa tch  boundaries  and  a sm a ll pa tch  size [Z ö lln e r  &  L im a  1997; 

B o u d je m a n i et al. 1999; Ries &  D eb in sk i 2001; Berggren et a l. 2 0 0 2 ; M e rckx  

et al. 2003] and th e  re ac tion  to w a rd s  t id a l regimes [M o rse , 1997; M o rse

2 0 0 2 ]. The na tu re  o f  th e  p o p u la tio n  can a lso  be seen as a d ire c t e n v iro n ­

m e n ta l cue in fo r  in s ta n ce  th e  case o f  lo w  p o p u la tio n  d e n s itie s , re s u lt in g  in 

u n u su a lly  h igh  d isp e rsa l rates and an A lle e -e ffe c t23 [K uussaari et al. 1998; 

M a tte r  &  R oland, 2 0 0 2 ; M é ne n d e z  et a l., 20 02 ].

A  c lass ica l exam p le  o f  th e  in d ire c t e ffec t o f  th e  e n v iro n m e n t on d isp e rsa l, 

due  to  changes in th e  ph eno typ e  is fo u n d  in th e  bug  O ncopeltus fasc ia tus  

[D in g le  1986]. H ere , th e  te m p e ra tu re  d u r in g  th e  ju v e n ile  d e v e lo p m e n t 

changes th e  species p h ys io lo g y  and s ig n if ic a n tly  in flu e n ce s  its  w in g  m o r­

pho logy. D esen de r [1989a] p e rfo rm e d  s im ila r  exp e rim e n ts  on th e  w in g  

d e v e lo p m e n t o f  th e  ca rab id  beetle  Pogonus chalceus, b u t fo u n d  no effects  o f  

th e  e n v iro n m e n t.

A lth o u g h  no d ire c t ev idence is ava ilab le , h o m in g  b e h a v io u r th a t re s tric ts  

d isp e rsa l [Ze ii 1998; C o n ra d i et al. 2001], can a lso  be in te rp re te d  as in d ire c t 

e ffec ts  th ro u g h  a change o f  th e  p h e n o typ e  [experience]. Th is  c ryp tic  p h e n o ­

ty p ic  change  in flu e n ce s  as a re su lt d isp e rsa l behav iou r. In c o n c lu s io n , in d i­

rect e ffects  o f  th e  e n v iro n m e n t, th ro u g h  a change o f  th e  p h eno type , o ccu r 

in n a tu re  b u t are p ro b a b ly  n o t un ive rsa l and in som e  cases very su b tle  and 

ha rd  to  de tec t.

The exp ress ion  o f  m a te rn a l cha ra c te ris tic s  has been sho w n  to  o ccu r 

th ro u g h  a lte ra tio n s  o f  o ffs p r in g  s ize [M a sso t &  C lo b e rt 2 0 0 0 ], c lu tch  s ize 

[D iss  et al. 1996], sex ra tio  [Im s  1990; M a sso t &  C lo b e rt 2 0 0 0 ], m a te rn a l 

o d o u r  [Léna et al. 2 0 0 0 ], fe m a le  s tress re s u lt in g  in h ig h e r c o r tic o s te ro n e

23 An Allee effect occurs where individuals in a population have a disproportionately low rate o f  recruitment when 

their own density is low [Begon et a i  1996]
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c o n te n ts  [De F ra ip o n t e t al. 2 0 0 0 ] and m a te rn a l pa ras ite  load [S orci e t al. 

1994]. Fem ales can a lso  in flu e n ce  o ffs p r in g  d ispe rsa l by th e ir  se le c tio n  o f  

th e  na ta l h a b ita t in fu n c tio n  o f  th e  soc ia l e n v iro n m e n t, loca l p o p u la tio n  

s tru c tu re  [Im s  1990; H ansk i et al. 1991] and h a b ita t q u a lity  [M o rse  1993;

D iss et al. 1996].

The e n v iro n m e n ta l d o m a in  can a d d it io n a lly  d e te rm in e  th e  exp ress ion  o f  

d ispe rsa l in  a ge ne tica l way, b u t w ith o u t any a d ap tive  s ig n ifica n ce  fo r  d is ­

pe rsa l, as ge n e tic  co rre la tio n s  w ith  tra its  evo lved  as a d a p ta tio n s  to  th e  h a b i­

ta t o r  land scape  type  [R o ff 1997; M a ze r &  D a m u th  2001]. D ue to  th e  loss o f  

p le io tro p ic  o r  linkage  in te ra c tio n s , genes c o d in g  fo r  d ispe rsa l m ay becom e 

a fu n c tio n a l [R o ff 1997].

Population-dynamic and population-genetic consequences o f  dispersal

The m o s t w id e ly  cons ide red  e ffect o f  d ispe rsa l a t th e  scale o f  th e  loca l p o p u ­

la tion  is re gu la tio n  o f  th e  p o p u la tio n  s ize th ro u g h  de n s ity  de pe n d e n t em i- 

and im m ig ra tio n , a lth o u g h  d ispe rsa l m ay a ffec t p o p u la tio n  dyn am ics  in o th e r 

ways. In sm a ll p o p u la tio n s , th e  lack o f  im m ig ra tio n  o r increased e m ig ra tio n s  

[C ou rcham p et al. 1999] m ay increase th e  risk  o f  e x tin c tio n . Conversely, im m i­

g ra tion  m ay rescue sm a ll p o p u la tio n s  fro m  e x tin c tio n  by m e d ia tin g  th e  p o p u ­

la tion  s ize [eco log ica l rescue effect] o r m a in ta in in g  ge ne tic  d ive rs ity  [genetic  

rescue e ffect]. A t th e  m e ta p o p u la t io n  level, d ispe rsa l is essentia l fo r  th e  pe r­

s is tence o f  th e  to ta l p o p u la tio n  in a fra g m e n te d  landscape, due to  sequen tia l 

c o lo n isa tio n -e x tin c tio n  events. D ispersa l can be v iew ed as a fo rm  o f  risk 

sp read ing , w h ich  enhances g ro w th  ra te and hence th e  pe rs is tence  o f  the  

m e ta p o p u la tio n , c o n s is tin g  o f  local p o p u la tio n  w ith  in d e p e n d e n t dynam ics .

In th is  way, d ispe rsa l m ay be th e  m eans by w h ich  prey and p re d a to r o r 

species w ith  d iffe re n t c o m p e tit iv e  a b ilit ie s  can co-exist. It a d d itio n a lly  

enhances th e  pe rs is tence o f  p o p u la tio n  in s in k  hab ita ts  [w ith  a negative 

g row th  rate] due  to  a c o n tin u o u s  c o lo n isa tio n  o u t o f  sou rce  p o p u la tio n s , 

o ften  w ith  h igh  e m ig ra tio n  rates due to  d e n s ity -de pen den t d ispe rsa l pa tte rns .

E specia lly  in th e  las t decade, p o p u la tio n  d yn a m ica l con seque nces , b o th  at 

th e  level o f  th e  p o p u la tio n  and th e  m e ta p o p u la t io n  have rece ived m u ch
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a tte n tio n  [e.g. H ansk i 1994; D oeb e li &  R uxton 1997; H ansk i 1999a; 

H o ve s ta d t, 2 0 0 0 ; P oethke et at. 2003 ]. Because o f  d if f ic u lt ie s  in s tu d y in g  

the se  pa tte rn s  in na tu re , th e o re tic a l papers are d o m in a n t and lack  in m any 

cases e m p ir ic a l ev idence.

In s p a tia lly  separa ted  p o p u la tio n s , d isp e rsa l p ro m o te s  gene flow . As these  

s tru c tu re d  p o p u la tio n s  experience s p a tia lly -d e p e n d e n t se lec tio n  p ressures, 

gene flo w  w ill be e v o lu tio n a ry  im p o r ta n t in s tru c tu r in g  the se  a d ap tive  

p rocesses. It is h o w e ve r n o t o b v io u s  th a t gene f lo w  o f  advan ta geo us  alle les 

has to  a lte r lo n g -te rm  p a tte rn s  o f  se le c tio n , because th e  chance th a t th e y  

w ill fix  is la rge ly  in d e p e n d e n t o f  th e  p o p u la tio n  s tru c tu re , p ro v id e d  th a t the y  

no w h e re  decrease fitn e ss  [M a ru ya m a  1970, In: B a rton  2001]. The th e o re tic a l 

m e ch a n ism s  o f  h o w  d ispe rsa l o r  no  d ispe rsa l [is o la t io n ] a ffects  e vo lu tio n  

are w e ll deve lope d , b u t e m p ir ic a l ev idence on th e  re la tive  im p o rta n c e  o f  

the se  m e ch a n ism s  is, aga in , very scarce.

D ivergence betw een separa ted  p o p u la tio n  th ro u g h  ra n d o m  d r if t  w as p ro ­

posed by W rig h t [1931, 1943] fo r  is land s , in w h ich  th e  n u m b e r o f  m ig ra n ts  m  

re la tes to  th e  ge ne tic  d iffe re n tia tio n  FS J  fo llo w in g  th e  e q ua tion  

F g j= i/ [1 + 4 N m ], in  w h ich  N  is th e  loca l p o p u la tio n  s ize. A c c o rd in g  to  B arton  

&  W h it lo c k  [1997], d r if t  reduces th e  g e ne tic  va riance  w ith in  p o p u la tio n s , 

w h ile  th e  load  due to  a d d itive  d e le te rio u s  m u ta tio n s  increases. Because ra n ­

d o m  d r if t  has o n ly  m a rg in a l in flue nces  on fitn e ss , it is hence un like ly  to  have 

a s ig n if ic a n t e ffec t u n d e r severe se lec tive  p ressures and can, consequently , 

n o t in flu e n ce  e vo lu tio n  th ro u g h  th e  spa tia l d iffe re n tia tio n . Inversely, th e  in d i­

rect m easure  o f  gene f lo w  by th e  described  e q u a tio n  is n o t co rrec t because 

o f  th e  b io lo g ic a lly  u n re a lis tic  u n d e rly in g  a s s u m p tio n s  o f  no se lec tio n , no 

m u ta tio n , equal n u m b e rs  o f  e m i- and im m ig ra n ts  in th e  su b p o p u la tio n s  and 

a c o m p le te ly  ra n d o m  d ispe rsa l [W h itlo c k  &  M cC au ley 1998].

W h e th e r p o p u la tio n s  can adap t to  loca l c o n d it io n  in sp a tia lly  separa ted  sys­

te m s , depends e sse n tia lly  on th e  ra te o f  gene f lo w  and a d ap tive  se lec tion  

[B arton  2001]. In genera l, an a lle le  w ith  a se lec tive  advan tage  can be e s ta b ­

lished  in to  a p o p u la tio n , de sp ite  gene flow , p rov ided  th a t th e  ra te o f  im m i­

g ra tio n  o f  in d iv id u a ls  ca rry in g  an a lte rn a tive  is low e r th a n  th e  ra te o f  selec-
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t io n  [H a lda ne  1931, In : B arton  2001]. E m p irica l ev idence o f  th is  o v e rru lin g  

im p o rta n c e  o f  se lec tio n  in sp a tia lly  separa ted  p o p u la tio n s , even w ith  a s u b ­

s ta n tia l a m o u n t o f  gene flow , w as g iven by M a lle t [1993] fo r  d iffe re n t m im ic ­

ry rings  in b u tte rf lie s , in p o p u la tio n s  o n ly  10 km  o r less separated and by 

M a c N a ir  [1987], in heavy m e ta l-to le ra n ce  in a grass on m ine s , o n ly  a few  

m e te r w id e . H e n d ric kx  et al. [2003] o b ta in e d  s im ila r  re su lts  fo r  ad ap tive  

re p ro d u c tive  v a r ia tio n  in fu n c tio n  o f  heavy m e ta l to le ra n ce  in sa ltm a rshe s  

s itu a te d  a lon g  th e  S che ld t river. T h is  se lec tio n  m ay fa v o u r h a b ita t sp e c ia lisa ­

tio n  w ith in  local p o p u la tio n s  and a se lec tio n  ag a ins t d ispe rsa l u n d e r c irc u m ­

stances w he re  gene flo w  acts ag a ins t th e  sp e c if ic  loca l a d ap tive  p ressure  

se lec tio n . O bv io us ly , i f  gene flo w  s tro n g ly  acts a g a ins t a necessary local 

a d a p ta tio n , th e  loss o f  d ispe rsa l w ill increase th e  speed o f  loca l a d a p ta tio n .

As m e n tio n e d  above, d ispe rsa l has a s tro n g  e ffec t on m e ta p o p u la t io n  

dyn a m ics  and p ro m o te s  c o lo n is a tio n  o f  e m p ty  b u t su ita b le  pa tches. I f  

e m p ty  pa tches are co lo n ise d  by a lim ite d  n u m b e r o f  a lle les, th e y  w ill o ften  

be m a la d a p te d  and g ro w th  ra te  o f  th e  p o p u la tio n  w ill s lo w  do w n  [E nd le r 

1979]. S ince new  b e ne fic ia l m u ta tio n s  o r  th e  in p u t o f  w e ll-a d a p te d  genes 

w ill as a re su lt be re sp o n s ib le  fo r  a s tro n g e r and fa s te r a d a p ta tio n , new ly 

fo u n d e d  p o p u la tio n s , w ill fa s te r a d ap t to  c h a n g in g  loca l e n v iro n m e n ta l c o n ­

d it io n s . O f  cou rse , i f  se lec tive  p ressu res are s im ila r  in all th e  loca l pa tches, 

d ive rgen ce  due to  ad a p tive  se lec tio n  w ill n o t occur. A s y m m e tr ic a l d ispe rsa l 

rates in a so u rce -s in k  s tru c tu re  a lso  have im p o r ta n t con seque nces  fo r  a d a p ­

tive  e v o lu tio n , as m o s t o f  th e  in d iv id u a ls  fro m  th e  s in k  h a b ita t tra ce  th e ir  

an ces try  to  im m ig ra n ts  fro m  th e  sou rce  h a b ita t [Kawecki &  H o lt  2 0 0 2 ]. Th is  

a sym m e tr ica l gene flo w  m akes ad a p tive  se lec tio n  in th e  s in k  u n like ly  

[Kawecki 1995; H o lt  1996a,b [. S ink  h a b ita ts  w ill th u s  p e rs is t in a s ta te  o f  

p e rm a n e n t m a la d a p ta tio n  as c o n firm e d  by n u m e ro u s  e m p ir ic a l s tu d ie s  

[D h o n d t et al. 1990; B londe l et al. 1992; S ta n to n  &  C a len  1997].

Dispersal in spiders

S p id e r can m o ve  in tw o  w ays: o r  by w a lk in g  o r  ru n n in g  on th e  so il o r  in the  

ve g e ta tio n , h e re a fte r re fe rred  to  as cursoria l d isp e rsa l o r  v ia  passive  tra n s ­

p o rt in a ir  cu rre n ts , so ca lled  b a llo on ing  i f  s ilk  th re a d s  are used.
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C ursorial dispersal

In w o l f  sp id e rs  and re la ted  fa m ilie s , c u rso ria l d isp e rsa l re flec ts  th e  m o s t 

im p o r ta n t m o d e  o f  m o v e m e n t and d isp e rsa l [B on te  &  M a e lfa it 2001; K re ite r 

&  W ise  2001; H ensch e i 2 0 0 2 ; M o rse  2 0 0 2 ]. It is lin ked  to  th e  ove ra ll p a t­

te rn  o f  h igh  c u rso ria l a c tiv ity  in th is  g ro u p  o f  a r th ro p o d s , m a in ly  re la ted  to  

m a te  se a rch in g  b e h a v io u r in  m a les and to  fo ra g in g  and see k in g  o f  su ita b le  

m ic ro -h a b ita ts  fo r  th e  d e p o s it io n  o f  egg-sacs in g rav id  fem a les  [M a e lfa it &  

Baert 1975]. C u rso ria l a c tiv ity  is ge ne ra lly  assu m ed  to  be h ig h e r in m a les 

th a n  in fem a les , and th is  p a tte rn  is be lieved to  exp la in  th e  w id e sp re a d  m a le 

bias in p itfa ll re co rds  o u ts id e  o p tim a l h a b ita t [B on te  &  M a e lfa it 2001].

C osts o f  c u rso ria l d isp e rsa l in sp id e rs  are on average lo w  a lth o u g h  m o rta lity  

can be su b s ta n tia lly  h igh  in p o p u la tio n  w ith  h igh  d ispe rsa l rates [M o rse  

1997]. In absence o f  m e chan ism s  o f  pa tch  re co g n itio n  and ho m ew ard  o r ie n ­

ta t io n , h igh  levels o f  cu rso ria l m o b ility  m ay increase chances o f  d iffu se  patch 

e m ig ra tio n , espec ia lly  w hen h a b ita t bo unda ries  are sm o o th  [as in b u tte rflie s : 

Kuussaari et al. 1998]. A t p resen t the re  is a c ritica l lack o f  e m p ir ica l s tud y  on 

m e chan ism s  o f  cu rso ria l d ispe rsa l and o r ie n ta t io n  in inve rteb ra tes , and pa r­

t ic u la r ly  on th e  lin k  w ith  p o p u la tio n  cha rac te ris tics  at th e  landscape level.

Aerial dispersal

B a llo o n in g  be h a v io u r is, p ro b a b ly  because o f  its  a b e rra n t characte r, ex ten ­

s ive ly  d o c u m e n te d 24 , a lth o u g h  lit t le  is know n o f  its  eco log ica l and e vo lu ­

tio n a ry  im p o rta n c e  [W eym an et al. 2 0 02 ]. The p h e n o m e n o n  was f irs t 

described  in 1678 by M a rtin  L is te r25 [S a lm on &  H o rn e r 1977]. A c c o rd in g  to  

W eym an et al. [1995], th is  m o de  o f  aeria l d ispe rsa l can be described  as a 

passive f lig h t ,  genera ted  by an up w ard  d rag  on a s ilk  th re a d , w h ich  induces 

a lif t  in to  a ir cu rre n ts . In th e  case no u p w a rd  cu rre n ts  are ava ilab le , th e  

th re a d  can be re leased u n til it reaches an o b je c t, a fte r w h ic h  th e  sp id e r 

de taches and c lim b s  o n to  th e  o b je c t. T h is  s im ila r  d ispe rsa l m e ch a n ism  is

24 Excellently reviewed by Jeroen Vanden Borre [2002] In his graduate thesis ‘Onderzoek naar het aeronautisch en kanni­

balistisch gedrag bij juveniele dulnwolfsplnnen [Pardosa monticola [Clerk, 1757J [Araneae, Lycosidae]] -  Ghent University,

124 pp + appendices.

25 A digital copy o f  this article can be downloaded from  the website http://allserv.Ugent.be/~dbonte/research.htm
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re ferred to  as bridg ing  [H en sche i et al. 1995], ridg ing  [Sam u et al. 1999a] o r 

rappe lling  [G reens tone  et al. 1985a]. The be hav iou ra l m e ch a n ism s  o f  th e  la t­

te r  are assum ed to  be s im ila r  to  th e  b a llo o n in g  be h a v io u r [Jones 1996a] 

a lth o u g h  th is  has n o t been ve rif ie d  [E berhard 1987]. P oss ib ly  b o th  d ispe rsa l 

m o des  evo lved in d iffe re n t ways, b u t re su lted  in a s im ila r  m e ch a n ism  

[D u ffey  1998].

B a llo o n in g  is kno w n fro m  m a ny  a r th ro p o d  g ro u p s , and de fin e d  as q u a s i­

passive  ae rona u ts  by S u te r [1999] because its  p resence in w in g le ss  a r th ro ­

po ds  [passive f l ig h t ] ,  b u t w ith  be h a v io u ra l a d a p ta tio n s . Besides in sp ide rs , 

b a llo o n in g  d isp e rsa l is kno w n  in c a te rp illa rs  [D iss  et al. 1996] and m ite s  [Li 

&  M a rg o lie s  1993]. S im ila r  passive  d isp e rsa l a lso  occu rs  u n d e r th e  sea-sur- 

face, by b iva lves, w h ic h  d r if t  in  sea -cu rren ts  by u s in g  byssus th re a d s  

[H id d in k  20 02 ].

B a llo o n in g  d ispe rsa l is know n fro m  m any fa m ilie s  o f  sp ide rs  [e.g. S a lm on  &  

H o rn e r 1977; Dean &  S te rling  1985; B onte  et al. 1998], in c lu d in g  m yg a lom o r- 

pha [Coyle 1983; Coyle 1985]. B a llo o n in g  d ispe rsa l has been d o cum en ted  

m o s tly  fro m  te m p e ra te  reg ions [e.g. R ichter 1970; W eym an et al. 1995; D uffey 

1997; D uffey  1998; T h om a s  &  Jepson 1999], bu t a lso fro m  a rc tic  [C ou lson  et 

al. 2003], su b tro p ica l a rid  o r M e d ite rrane an  [Dean &  S te rling  1985; 

G reens to ne  et al. 1987] and tro p ic a l reg ions [R ob inson  1982, In: Deeae 1987].

Behavioural mechanisms o f  aerial dispersal

B a llo o n in g  d ispe rsa l occu rs  th ro u g h  several p o ss ib le  be h a v io u ra l a d a p ta ­

tio n s , w h ic h  can be d iv id e d  in to  th e  b a llo o n in g  b e h a v io u r pe rse , so d u r in g  

tra n s p o r t  in  a ir  cu rre n ts  and th e  b e h a v io u r in p re p a ra tio n  o f  th e  ae ria l d is ­

persa l [p re -ba lloon ing  b e h a v io u r]. The b e h a v io u r o f  th e  aeria l d isp e rsa l [b a l­

lo o n in g  perse ] is a la rge ly  u n s tu d ie d  fie ld . In genera l, it is assu m ed  th a t s p i­

de rs c a n n o t c o n tro l th e ir  aeria l tra n s p o rt,  b u t H u m p h re y  [1987] and S u te r 

[1992] fo u n d  in d ic a tio n s  o f  a ce rta in , a lth o u g h  p ro b a b ly  m a rg in a l, “ f l ig h t ”  

c o n tro l. T h eo re tica lly , sp id e rs  can c o n tro l c u rre n t d rag  [fr ic t io n a l] fo rces  by 

c h a n g in g  th e  leng th  o f  th e  th re a d  [p ro lo n g in g  th e  th re a d  w ill enab le  th e  s p i­

d e r to  d ispe rse  la rg e r d is ta nces ] o r  c h a n g in g  th e  p o s it io n  o f  th e  bo dy  [S u te r
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19 9 9 ]- The h yp o th e s is  o f  a c h a n g in g  th re a d  le n g th  has o n ly  been th e o re t i­

ca lly  a p p roa ched  [H u m p h re y  1987], b u t th e  change o f  th e  p o s it io n  and 

exposure  o f  th e  bo dy  has been e m p ir ic a lly  observed  and te s te d  by S u te r 

[1992]. The la tte r fo u n d  th a t v a r ia tio n  in d ro p p in g  speed n o t so le ly  co u ld  be 

exp la ined  by th e  v a r ia tio n  in th re a d  le ng th , b u t th a t sp id e rs , s p re a d in g  th e ir  

legs [“ sp read  eagle p o s tu re ” , S u te r 1999], experienced la rg e r fr ic t io n a l 

fo rces  re s u lt in g  in a lo w e r d ro p p in g  speed. In th is  case, sp id e rs  fa c in g  

u n s u ita b le  h a b ita t m ay be ab le  to  s lo w  d o w n  th e ir  la n d in g  in th e  chance o f  

re a ch in g  a su ita b le  e n v iro n m e n t. A c c o rd in g  to  W eym an [1993], however, 

th is  h yp o th e s is  p resum e s an exce llen t v isua l p e rce p tio n  o f  th e  e n v iro n m e n t 

[and a kno w le d g e  o f  w h e th e r it  is “ g o o d ”  o r  “ b a d ” ] and  is hence h igh ly  

im p ro b a b le , c e rta in ly  fo r  species w ith  a bad v is io n  [w e b -b u ild in g  sp ide rs ]. 

These be h a v io u ra l m e ch a n ism s  re m a in  h o w e ve r sp e cu la tive  and ce rta in ly  

need fu r th e r  in v e s tig a tio n , n o t a t leas t because th e y  are p o te n tia lly  in f lu ­

enced by d iffe re n t se lec tive  p ressures.

In c o n tra s t, v a r ia tio n  in th e  p re -b a llo o n in g  b e h a v io u r is b e tte r d o cu m e n te d  

[p ro b a b ly  because it is m o re  easily  s tu d ie d ]. Best kno w n  is tiptoe  b e h a v io u r 

[F ig. III.1 -2A ], f irs t ly  de sc ribed  by B ris tow e  in 1939 [D u ffe y  1998]: a s p id e r 

s tre tches  its legs and ra ises th e  a b d o m e n , be fo re  th e  s ilk  th re a d  is p ro ­

duced  fro m  th e  s p in n e re ts . O n ly  w hen  th e  th re a d  is lo n g  e n ough  to  exp e ri­

ence d rag  o f  a ir  cu rre n ts , th e  s p id e r de taches in to  th e  a ir  [V ugts &  Van 

W in g e rd e n  1976; H u m p h re y  1987; W eym an et al. 1995; D u ffe y  1998; S u te r 

1999], a lth o u g h  v a r ia tio n s  on th e  th e m e  are d o c u m e n te d  [R ich te r 1970b; 

S ch n e id e r et al. 2001]. S ince in genera l, e ig h t th re a d s  are observed , it is 

assu m ed  th a t th e  e ig h t s ilk  g lan ds , assoc ia ted  to  th e  fro n ta l sp in n e re ts  

[g landulae am pu llacea], are invo lve d  in th e  p ro d u c t io n  o f  th e  d ra g lin e  

[D u ffe y  1998]. Typ ical fo r  m y g a lo m o rp h s  and w e b -b u ild in g  la b id o g n a th a  is 

th e  dropping b e h a v io u r [F ig . III.1 -2B ]. T h is  b e h a v io u r invo lve s  th a t a s p id e r 

c lim b s  up  in th e  ve g e ta tio n , d ro p s  a lo n g  a d rag  lin e  and p roduce s  in ha n g ­

in g  p o s it io n  a second  th re a d  w h ic h  is re leased in th e  air. W hen  th e  la tte r is 

lo n g  en o u g h , th e  f irs t  is b roken  do w n  and th e  s p id e r takes o f f  in th e  a ir 

[Jones 1996a; S u te r 1999]. A n  a lte rn a tive  m e th o d  co n s is ts  o f  b e h a v io u r in 

w h ic h  th e  s p id e r d ro p s  on one  d rag  line , w h ic h  is p ro lo n g e d  d u r in g  th e  fa ll. 

W hen  th e  th re a d  is aga in  lo n g  e n o u g h , it breaks at a w eak p o in t and  aeria l



d isp e rsa l can s ta r t [E berhard  1987]. A  th ird ,  b u t m ys te rio u s  b e h a v io u r is 

fo o t-b a s k e ttin g , and  w as o n ly  once observed  by M cK eow n [1952, In : Jones 

1996a ]. M o re  in fo rm a t io n  c o n c e rn in g  th e  n a tu re  o f  th e  s ilk  tre a d s  and d is 

cu ss io n  on th e  d e ta ils  o f  th e  b e h a v io u r can be fo u n d  in E berhard [1987], 

Jones [1996a] and D u ffe y  [1994].

if- f f '  -  i r f

>

A B
Fig. 111.1-2. Schematic representation o f the two behavioural mechanisms in preparation o f ballooning dispersal [A] 

tiptoe behaviour [B] dropping behaviour [after Eberhard, 1987].

Benefits o f  aerial dispersal

A eria l d isp e rsa l by m eans o f  b a llo o n in g  is assu m ed  to  be an e ff ic ie n t m e ch ­

a n ism  fo r  lon g -ra n g e  d ispe rsa l to  c o lo n ise  e m p ty  h a b ita ts  o r t o  escape fro m  

ha b ita ts  w ith  u n fa vo u ra b le  e n v iro n m e n ta l c o n d it io n s  as o v e rc ro w d in g , lack 

o f  p rey o r  ve g e ta tio n  succe ss io n  [Toft 1995]. From  th is  p o in t-o f-v ie w , b a l­

lo o n in g  is su p p o se d  to  o c c u r d o m in a n tly  in species fro m  u n s ta b le  and 

u n p re d ic ta b le  h a b ita ts  [Toft 1995; D u ffey  1998]. It is h o w e ve r n o t re s tric te d  

to  species fro m  the se  h a b ita ts  and has a lso  been observed  in species fro m  

m o re  s tab le  h a b ita ts  [R ich te r 1971; M ille r  1984; D u ffe y  1998].

L ittle  d ire c t ev idence  is h o w e ve r ava ilab le  on lo n g -d is ta n ce  tra v e llin g , p ro b a ­

b ly  because o f  d iff ic u lt ie s  in  m e a s u rin g  the se  [W eym an 1995 and fo r  d is p e r­

sal in genera l: W ils o n  &  T h om a s  2001]. A lth o u g h  d ire c t o b se rva tio n s  are 

scarce and a n e c d o tic  [catches o f  b a llo o n in g  L in yp h iid a e  at he ig h ts  o f  m o re  

th a n  6 0 0 0  m e te r [Jones 1996a] and ob se rva tio n s  o f  sp id e rs  la n d in g  on 

sh ip s  3 0 0  km  fro m  th e  nearest coast [G e rtsch  1979, In: Deeae 1987]], th e y  

in d ic a te  th e  p o s s ib ility  o f  sp id e rs  to  d isp e rse  a t lo n g  d is ta nces . A t h igh  a lti-

E v o l u t i o n a r y  a n d  e c o l o g i c a l  a s p e c t s  o f  d i s p e r s a l ,  w i t h  e m p h a s i s  o n  s p i d e r  d i s p e r s a l  b e h a v i o u r  /  8 5



tu d e s , how ever, te m p e ra tu re s  are ex trem e ly  lo w  and decrease su rv iva l 

chances e n o rm o u s ly  [Deeae 1987]. M o re o v e r i f  th e  p a rtic u la r s u rv iv in g  s p i­

d e r is n o t a fe r t ilis e d  fe m a le , chances o f  c o lo n is a tio n  are o n ly  p o ss ib le  i f  

c o n s p e c ific  m a les reach th e  sam e lo ca tio n . C e rta in ly  in th e  case o f  tro p ic a l 

and s u b tro p ic a l re g io n s , b a llo o n in g  d ispe rsa l s h o u ld  be re s tr ic te d  to  sh o rt- 

range d isp e rsa l, as co ld  re s is tance  [in  case o f  re ach ing  h ig h e r a ir  layers] in 

the se  is re la tive ly  lo w  [Janzen 1966]. The re s tr ic tio n  to  s h o rt-ra n g e  d ispe rsa l 

[fro m  a fe w  m e te rs  up  to  severa l k ilo m e tre s  in case o f  m u lt ip le  d ispe rsa l 

events [T hom a s et al. 2003 ]] is ge ne ra lly  accepted  and s u p p o rte d  by d ire c t 

o b se rva tio n s  [M o rse  1993] o r m o d e llin g  w o rk  [T hom a s 1996; T h o m a s  et al.

2003 ]. C o lo n isa tio n  processes due  to  lo n g -d is ta n ce  d isp e rsa l, a lth o u g h  rare, 

do  n o t de pend  on m ean d is ta nces , cove red  by o rg a n ism s , b u t are d e te r­

m in e d  by th e  e xce p tiona l lo n g -d is ta n ce  tra ve lle rs , s itu a te d  in th e  ta il o f  th e  

d ispe rsa l curve  [B u llo ck  &  C larcke 2 0 0 0 ], o ften  fo llo w in g  a nega tive  exp o­

ne n tia l o r  re la ted  e q u a tio n  [G reene &  C a lo g e ro p o u lo s  2001].

A c c o rd in g  to  To ft [1995] b a llo o n in g  d isp e rsa l [the  a u th o r  uses th e  te rm  “ gos­

sam er dispersal” ] is p ro b a b ly  b ifu n c tio n a l in a g ric u ltu ra l landscapes o f  the  

te m p e ra te  re g io n s , and  separa ted  in t im e . The f irs t  fu n c tio n  is su p p o se d  to  

be th e  spread o f  sp id e rs  o u t o f  th e ir  na ta l h a b ita t to w a rd s  su ita b le  m ic ro ­

h a b ita t fo r  m a tu ra tio n  and m a tin g  and v ice-ve rsa. T h is  seasona l d ispe rsa l 

occu rs  d u r in g  c o ld e r seasons in w h ic h  m e te o ro lo g ic a l c ircu m s ta n ce s  are 

less su ita b le  fo r  lo n g -d is ta n ce  tra v e llin g  [see fu r th e r ]. The second  d ispe rsa l 

fu n c t io n  takes p lace d u r in g  th e  w a rm  s u m m e r season and enables sp ide rs  

to  leave th e ir  na ta l h a b ita t because o f  th e  p resence o f  th e rm a l cu rre n ts  and 

hence h ig h e r chances to  p e rfo rm  lo n g -d is ta n ce  tra v e llin g . In m y o p in io n , 

the se  d iffe re n t peaks in aeria l d ispe rsa l re su lt so le ly  fro m  d iffe re n t m e te o ro ­

log ica l c o n d it io n s  d u r in g  th e  sp e c ie s ’ life  cycle and n o t fro m  d iffe re n t needs 

o f  d is p la c e m e n t. W eym an et al. [20 02 ] c o n firm  th is  v ie w  as the se  d iffe re n t 

d ispe rsa l peaks w ere  n o t e n co u n te re d  d u r in g  a s tu d y  in G re a t B rita in .

A d d it io n a lly , in d ire c t s tu d ie s  o f  s p id e r d ispe rsa l th ro u g h  g e n e tic  analyses 

to n e  do w n  th e  im p o rta n c e  o f  b a llo o n in g  fo r  gene f lo w  and hence lo n g -d is ­

ta n ce  d isp e rsa l [R am irez  &  H aako nsen  1999], a lth o u g h , as m e n tio n e d  

above, ge n e tic  analyses sh o u ld  be c a u tio u s ly  in te rp re te d  w ith in  a d ispe rsa l



con tex t. A pp a re n tly , b a llo o n in g  is n o t a lw ays an e ffec tive  d isp e rsa l m o de  

be tw een p o p u la tio n s  and a m o re  s to c h a s tic  event, c e rta in ly  in p a tch ily  

s tru c tu re d  p o p u la tio n s .

Costs o f  aerial dispersal

Besides bene fits  o f  gene f lo w  and r is k  s p re a d in g  in u n s ta b le  and u n p re ­

d ic ta b le  h a b ita ts , b a llo o n in g  d ispe rsa l a lso  invo lve s  cos ts . T h is  ba lance 

be tw een b e ne fits  and costs  w ill f in a lly  d e te rm in e  th e  e v o lu tio n  o f  sp id e r d is ­

persa l ra tes. E nerge tic  cos ts , re s u lt in g  fro m  th e  p ro d u c t io n  o f  m u lt ip le  s ilk  

th re a d s  and an increased a c tiv ity  [and p o ss ib ly  exposure  to  less fa vo u ra b le  

m ic ro c lim a to lo g ic a l c o n d it io n s  e.g. h ig h e r d e h yd ra tio n  ra tes, p r io r  o f  the  

b a llo o n in g , by c lim b in g  up  in th e  ve g e ta tio n ; S u te r 1999] are p o ss ib le  bu t 

n o t ye t in ve s tig a te d .

Large costs  are asso c ia ted  w ith  th e  p e rfo rm a n ce  o f  u n c o n tro lle d  m o ve ­

m e n ts  in  th e  a ir  c u rre n t. Besides d ire c t cos ts  by h o s tile  c lim a to lo g ic a l c ir ­

cu m s ta n ce s  [Deeae 1987] and p re d a tio n  by b ird s  and o th e r p re d a to rs  [O w en 

&  Le C ro s  1954; Y oung &  Lockley 1988; Foelix 1996; R obert 1998], th e  lack 

o f  c o n tro l on th e  f l ig h t  d ire c tio n  [C o m p to n  2 0 0 2 ] and hence h igh  chances 

o f  la n d in g  in u n s u ita b le  h a b ita t is su p p o se d  to  be th e  h ig h e s t cost. 

B a llo o n in g  d isp e rsa l, even i f  repeated  d ispe rsa l events are p o ss ib le , is 

th e re fo re  m o re  an ae ria l lo tte ry , and esp ec ia lly  species, re s tr ic te d  to  h a b ita ts  

th a t are sp a tia lly  separa ted  w ill experience  a h igh  r is k  o f  la n d in g  in u n s u it ­

ab le  e n v iro n m e n ts  [S am u et al. 1999; C o m p to n  2 0 0 2 ]. I f  pa tches are d is ­

ta n tly  loca ted , lo w  d ispe rsa l d is ta nces , as a re su lt fro m  lo w  w in d  ve lo c itie s  

[C o m p to n  2 0 0 2 ] w ill c o m p lic a te  succe ss fu l s e tt lin g  in su ita b le  h a b ita t.

Physical and meteorological determinants o f  aerial dispersal

A  sp ide r, ta k in g -o f f  in th e  a ir  has to  use phys ica l fo rces , w h ic h  has to  c o m ­

pensa te  he r ow n bo dy  m ass. T h is  is o n ly  p o ss ib le  w ith in  phys ica l c o n ­

s tra in ts  and s tim u la te d  o r  re s tra ine d  by m e te o ro lo g ic a l c o n d it io n s . As a 

re su lt, b a llo o n in g  can n o t o c c u r in  a ll sp ide rs  d u r in g  th e  e n tire  season 

[H u m p h re y  1987]. A c c o rd in g  to  th e  la tte r, b a llo o n in g  d isp e rsa l is c o n ­

s tra in e d  by th e  s p id e r  m ass and is im p o s s ib le  fo r  sp id e rs  w e ig h tin g  m o re
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th a n  32 m g , a lth o u g h  e xce p tio n a lly  heav ie r sp ide rs  w ere  a lready observed  to  

b a llo o n . I llu s tra tiv e  is th e  o b se rva tio n  o f  b a llo o n in g  Stegodyphus du m lco la  

[E ris idae ] o f  m o re  th a n  100 m g , b u t th is  species used ten s  o f  th re a d s  

[S chne ide r et al. 2001] ins tead  o f  one. La rger species are a lso  c o n s tra in e d  in 

succe ss fu l b a llo o n in g  due  to  th e  need o f  lo n g e r p re p a ra tio n  p e rio d s  [lo n g e r 

th re a d s ], to  take  o f f  in  th e  c h a o tic  a tm o sp h e re , th e  p re su m a b le  h ig h e r en e r­

g e tic  cos ts  to  c lim b  up  in th e  ve g e ta tio n  and th e  increased chances o f  p re ­

d a tio n  d u r in g  th e  b a llo o n in g  p re p a ra tio n  and th e  d isp e rsa l i ts e lf  [S u te r

1999]. D rag -fo rces are a d d it io n a lly  p o s it iv e ly  re la ted  to  th e  s ize  [and hence 

m ass] o f  th e  s p id e r and create as a re su lt an o p p o s in g  a s s u m p tio n  to  the  

p o s s ib ility  o f  b a llo o n in g  [H u m p h re y  1987]. A  sp ide r, a im in g  to  ba llo o n  in an 

o p tim a l w ay has th u s  to  f in d  a ba lance be tw een m ass [n o t to o  h ig h ] and 

su rface  [n o t to o  s m a ll]. F inally, th e  m a x im a l leng th  o f  th e  th re a d  is c o n ­

s tra in e d  by th e  e n v iro n m e n t. In co m p le x ly  s tru c tu re d  ve g e ta tio n , large 

th re a d s  w ill fa s te r e n ta n g le  and m ake b a llo o n in g  o f  heav ie r sp id e rs  o r  lo n g ­

d is ta n ce  b a llo o n in g  less p robab le .

Besides the se  phys ica l co n s tra in ts , m e te o ro lo g ica l c o n d it io n s  d e te rm in e  th e  

success o f  b a llo o n in g  in sp id e rs . A c c o rd in g  to  R ich te r [197 0b ] and V ug ts  &  

Van W in g e rd e n  [1976] w in d  ve lo c itie s  be tw een 0.35 and 1.70 m /s  are o p t i­

m a l fo r  b a llo o n in g  d isp e rsa l. I fw in d  ve lo c itie s  are la rg e r th a n  3 m /s ,  b a l­

lo o n in g  is in h ib ite d , p ro b a b ly  because o f  th e  increased chances o f  f lo a t in g  

away fo r  lo n g  d is ta n ce s  and hence a h igh  u n c e rta in ty  o f  re ach ing  su ita b le  

h a b ita t [H u m p h re y  1987] o r  by th e  fa c t th a t th e rm a l w in d s  d is a p p e a r at c u r­

ren ts  w ith  h igh  ve lo c itie s  [G reens tone  1990]. A c c o rd in g  to  Van W in g e rd e n  

&  V ug ts  [1974], G re e n s to n e  [1990] and T h om a s  et al. [2003], the se  u p w a rds  

th e rm a l ve lo c itie s  are necessary because th e y  genera te  th e  necessary 

u p w a rds  lif t .  Because th e rm a l w in d s  are genera ted  by lo w  n ig h t te m p e ra ­

tu re s  [T m ¡n] and h igh  day te m p e ra tu re s  [T m ax] and in h ib ite d  by in c re a s in g  

w in d  speed [<v> ], V ug ts  & V a n  W in g e rd e n  [1974] crea ted  th e  a e ro n a u tic  

index A /= [T m ax-T m jn]/< v >  w h ic h  appeared  to  be a go od  p re d ic to r  o f  b a l­

lo o n in g  d isp e rsa l in th e ir  study. Its p re d ic tin g  va lue  w as c o n firm e d  by B onte  

et a l. [1998] b u t n o t by G re e n s to n e  [1990].

O th e r  m e te o ro lo g ic a l fa c to rs , p o ss ib ly  in flu e n c in g  b a llo o n in g  b e h a v io u r are 

th e  a m o u n t o f  su n sh in e , a ve rtica l g ra d ie n t in w in d  ve lo c ity  [G reens tone



19 9 o ] a r|d ° f  cou rse  ra in [V ugh ts  &  Van W in g e rd e n  1974]. F inally, th e  nega­

tiv e  re la tio n s h ip  be tw een re la tive  aeria l h u m id ity  and b a llo o n in g  frequency, 

e m p ir ic a l fo u n d  by R ich te r [1971] can be exp la ined  by th e  lo w e r d e n s ity  o f  

h u m id  a ir  and  hence lo w e r d ra g  fo rces  [B ish o p  19 90b].

Innate environmental factors o f  aerial dispersal

The p re v io u s ly  d iscusse d  m e te o ro lo g ic a l c o n d it io n s  c o n s tra in  th e  e ffe c tive ­

ness o f  b a llo o n in g  d isp e rsa l. A c c o rd in g  to  V u g ts  &  Van W in g e rd e n  [1976] 

and D u ffe y  [1998], th e y  u lt im a te ly  tr ig g e r  b a llo o n in g  d ispe rsa l [and th e  pre- 

b a llo o n in g  b e h a v io u r]. H o w  the se  m e te o ro lo g ica l c o n d it io n s , and espec ia lly  

th e  w in d  ve loc ity , are sensed by th e  s p id e r re m a in s  h o w e ve r unclear. 

V a ria tio n  in w in d  speed can be de tec ted  w ith  th e  tr ic h o b o tr ia  e ith e r d ire c tly  

i f  th e  in d iv id u a l is s itu a te d  in th e  re le van t a ir  layer o r  in d ire c tly  by th e  d e te c ­

t io n  o f  v ib ra tio n s  in th e  ve g e ta tio n  [W eym an 1993]. O th e r p o s s ib ilit ie s , 

a lth o u g h  n o t c o n firm e d  n o r  d is a ff irm e d , are th e  use o f  th e  lo n g  s ilk  th re a d  

as a se n so ria l a d d it io n , o r  th e  p resence o f  b a ro re ce p to rs  [W eym an 1993]. 

Besides the se  w e a th e r c o n d it io n s , o th e r e n v iro n m e n ta l fa c to rs  are kno w n 

to  in flu e n ce  th e  b a llo o n in g  d ispe rsa l and  its  in it ia t io n . E specia lly  th e  sca rc i­

ty  o f  prey, w ith  d iffe re n t th re s h o ld  levels be tw een sexes and life -s tages, is 

ex tens ive ly  d o c u m e n te d  as a p ro x im a te  fa c to r  [Legel &  Van W in g e rd e n  

1980; D u ffe y  1994; W eym an & J e p s o n  1994; D u ffe y  1998; B on te  &  M a e lfa it 

2001; W eym an et al. 2 0 0 2 ]. Seasonal v a r ia tio n  and d a y /n ig h t v a r ia tio n  are 

a lso  d o c u m e n te d  as p ro x im a te  m e ch a n ism s . They can, however, re sp e c tive ­

ly be re la ted  to  v a r ia tio n  in th e  p o p u la tio n  d e n s ity  o r  re la tive  prey a v a ila b ili­

ty  [Toft 1995; W eym an et al. 1995] and th e  lack  o f  o p tim a l m e te o ro lo g ica l 

c o n d it io n s  a t n ig h t [W eym an 1995]. I f  m e te o ro lo g ic a l c o n d it io n s  d u r in g  th e  

n ig h t are o p tim a l,  b a llo o n in g  d isp e rsa l, how ever, can occur, as observed  in 

A u s tra lia  [F arrow  1986].

O ne  o f  th e  m a in  p o ss ib le  in n a te  fa c to rs  is th e  ge n e tic  basis o f  th e  b a llo o n ­

in g  p ro pen s ity , a lth o u g h  n o t yet d o c u m e n te d . V a ria tio n  w ith in  species 

[R ich te r 1970; M ille r  1984] and w ith in  p o p u la tio n s  [R ich te r 1971] suggest 

th a t n a tu ra l se lec tio n  is re sp o n s ib le  fo r  th e  large v a r ia tio n  in d ispe rsa l 

p ro p e n s itie s  and m e th o d o lo g ie s  [see h igh e r]. L ittle  e xp e rim e n ta l w o rk  has
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been ca rried  o u t on fa c to rs  u n d e rly in g  th e  in it ia t io n  o f  b a llo o n in g  behav­

iour, o r  on ge n e tic  va ria nce  u n d e rly in g  p h e n o ty p ic  v a r ia tio n  [W eym an 1993]. 

O n ly  Li &  M a rg o lie s  [1993] fo u n d  a d d itiv e  g e n e tic  v a r ia tio n  fo r  b a llo o n in g  

b e h a v io u r in th e  re la ted  tw o -s p o tte d  s p id e r m ite , Tetranychus urticae. In the  

la tte r study, how ever, n o n a d d itiv e  ge n e tic  v a r ia tio n  and m a te rn a l e ffects o r 

c o m m o n  e n v iro n m e n ta l v a r ia tio n  exp la ined  th e  la rgest p a rt o f  th e  p h e n o ­

ty p ic  v a r ia tio n , and co va ria tio n  w ith  fe c u n d ity  and sex ra tio  w as fo u n d ; the  

re s id ua l va ria nce  d u r in g  th e  e xp e rim e n ts  w as m in im is e d  to  4 3 -6 0 % . Th is  

large sou rce  o f  re s id ua l va ria nce  is a m a jo r  p ro b le m  in e s t im a tin g  h e ritab i I i- 

ty  o f  b e h a v io u ra l tra its , re s u lt in g  fro m  th e ir  lo w  level o f  re p e a ta b ility  caused 

by d if f ic u lt ie s  in kee p ing  e xp e rim e n ta l c o n d it io n s  o r  th e  in d iv id u a l’s in te rn a l 

s ta te  c o n s ta n t [K ecic &  M a rin k o v  1974].

In genera l, b a llo o n in g  is re s tr ic te d  to  s m a lle r in d iv id u a ls , hence ju ve n ile s  in 

th e  fa m ilie s  o f  la rg e r species and to  a d u lts  and ju v e n ile s  in th e  m o n e y  s p i­

de rs L inyp h iid a e . T h is  age-e ffect m ay be an e ffec t o f  m e chan ica l c o n s tra in s  

[m ass; see h igh e r], b u t sp e c ie s -sp e c ific  pa tte rn s  in th e  L in yp h iid a e  [d o m i­

n a n t a d u lt o r ju v e n ile  d ispe rsa l, a cco rd in g  to  th e  species] lead to  th e  h y p o th ­

esis o f  th e  ex is tence o f  sp e c ie s -spe c ific  in te rn a l c locks  [D u ffey  1998]. Th is  

t im in g  is p ro b a b ly  s tre n g th e n e d  o r w eakened by p ro x im a te  e n v iro n m e n ta l 

c o n d it io n s . A ge -spec ific  fo ra g in g  s tra teg ies  can a lso be re la ted to  age-re lated 

in tra s p e c if ic  d iffe ren ces  in b a llo o n in g  p ro p e n s ity  [Kevan &  G reco 2001].

A  d iffe re n ce  in b a llo o n in g  d ispe rsa l be tw een th e  sexes is a m e ch a n ism  to  

avo id  in b re e d in g  and m a te  c o m p e tit io n  [M a sso t &  C lo b e rt 2 0 0 0 ].

D e v ia tio n s  fro m  an equa l sex-ra tio  are c o m m o n ly  observed  u n d e r fie ld  c o n ­

d it io n s , b u t m ay re flec t d iffe ren ces  w ith in  th e  p o p u la tio n  [B on te  et al. 1998]. 

S ch n e id e r et al. [2001] fo u n d  a d o m in a n c e  o f  fem a les  in b a llo o n in g  

Eresidae. A c c o rd in g  to  T h o m a s  &  Jepson [1999], th is  fe m a le  d isp e rsa l can 

be in te rp re te d  as a fo rm  o f  r isk  s p re a d in g  in w h ic h  fem a les  search fo r  

places to  d e p o s it eggs in d iffe re n t e n v iro n m e n ts  [“ bet h e d g in g ”  s tra tegy: 

V epsa la inen  1978]. M a te rn a l e ffec ts  th ro u g h  th e  m a te rn a l c o n d it io n , re s u lt­

in g  in d iffe ren ces  in egg qua lity , a lso p o te n tia lly  in flu e n ce  b a llo o n in g  d is p e r­

sal, as sho w n  fo r  b a llo o n in g  in c a te rp illa rs  [D iss  et al. 1996]. In sp ide rs , 

how ever, no ev idence  o f  m a te rn a l c o n d it io n  e ffects  has been fo u n d . D ire c t
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e ffec ts  o f  p o p u la tio n  d e n s ity  [T u rn b u ll 1973; Legel &  Van W in g e rd e n , 1980 &  

W eym an et al. 1995] and in te rs p e c if ic  c a n n ib a lis tic  in te ra c tio n s  [Fox 1975] 

a lso  have been sug ges te d  to  in flu e n ce  b a llo o n in g  ra tes, b u t u n til now, the se  

e ffec ts  has n o t been separa ted  fro m  co va ry in g  prey lim ita t io n . D iffe re n t 

th re s h o ld s  o f  o ffs p r in g  to  p e rfo rm  th e  d isp e rsa l b e h a v io u r are in a cco r­

dance w ith  th e  p re v io u s ly  m e n tio n e d  “ ra n d o m ”  m ixed  ESS [P arke r &  S tua rt 

1976]. T h is  a p p a re n tly  “ ra n d o m ”  s tra te g y  m ay hence be a c ry p tic  e n v iro n ­

m e n ta l o r  e v o lu tio n a ry  t r ig g e r  th a t o n ly  appears to  be ra n d o m  because o f  

h a rd ly  de tec tab le  re la tio n s h ip s  w ith  th e  [ge ne tica l] e n v iro n m e n t.

Research on spider dispersal in coastal grey dunes

A s illu s tra te d  in th e  p re v io u s  genera l in tro d u c t io n , and h ig h lig h te d  by 

N a th a n  [2001], th e  kn o w le dge  o f  d isp e rsa l e v o lu tio n , m o tiv a t io n , its e ffec t 

on m e ta p o p u la t io n  dyn a m ics  and species d is tr ib u t io n  a t m u lt ip le  scales is 

p o o rly  u n d e rs to o d  and m a ny  q u e s tio n s  re m a in  u n so lved  o r  e m p ir ic a lly  

u n ve rifie d . In th is  pa rt o f  th e  th e s is  w e a im  to  c o n tr ib u te  to  th e  know le dge  

o f  d isp e rsa l, by s tu d y in g  b o th  eco lo g ica l and  e v o lu tio n a ry  aspects o f  s p id e r 

d isp e rsa l in fra g m e n te d  grey dunes . S tud ies  w ere  p e rfo rm e d  at th e  in d iv id ­

ua l, p o p u la tio n  and asse m b lag e  level. In th e  s tu d y  o f  th e  in flu e n ce  o f  b a l­

lo o n in g  d ispe rsa l on p o p u la tio n  d yn a m ics  and th e  d is tr ib u t io n  o f  species, 

w e assu m ed  a ra n d o m  d ispe rsa l p a tte rn  w ith in  a ir  c u rre n ts , as w in d  d ire c ­

t io n s  w ith  ve lo c itie s  o f  <3 m /s  are n o t d ire c tio n a l in one yea r [year 2 0 0 0 : 

a n g u la r d isp e rs io n  r=  0.13; P=0 .3 9 ; Fig. I I I .1-3] and esp ec ia lly  va ria b le  d u r in g  

days w ith  very lo w  w in d  ve lo c itie s  [D ata  fro m  M e te o ro lo g is c h e  B erich ten  

K M I 2 0 0 0 ].
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S p iders  fro m  grey du nes  w ere  used as m o d e l o rg a n ism s , and g e n o typ ic  and 

p h e n o ty p ic  v a r ia tio n  in d ispe rsa l w e re  s tu d ie d  in d e ta il fo r  tw o  m o de l 

species. Erigone a tra  [B lackw a ll, 1841], a c o m m o n  species p e r fo rm in g  a h igh 

tip to e  p e rfo rm a n ce , w as se lected  to  s tu d y  th e  c o n tr ib u t io n  o f  ge n e tic  and 

d iffe re n t e n v iro n m e n ta l e ffec ts  d u r in g  th e  ju v e n ile  d e v e lo p m e n t and th e  

a d u lt life  s tage on th e  la tency o f  th e  p re -b a llo o n in g  b e h a v io u r because o f  its 

fa s t g e n e ra tio n  t im e , easy b re e d in g  p o s s ib ility  and h ig h  b a llo o n in g  fre q u e n ­

cies [De Keer &  M a e lfa it 1988a,b]. F ie ld e xp e rim e n ts  on v a r ia tio n  in c u rs o r i­

al d isp e rsa l and c o m m o n  ga rden  e xp e rim e n ts  in th e  la b o ra to ry  on b a llo o n ­

in g  b e h a v io u r w ere  inve s tig a te d  in th e  w o l f  sp id e r Pardosa m o n tico la  [C lerk, 

1757]. T h is  species w as chosen because o f  its  h igh  ab u n d a n ce  in fra g m e n t­

ed grey dunes , its  h igh  o b s e rv a b ility  and tra p a b ility , and th e  fa c t th a t 

fem a les  a ttach  th e ir  egg sac and e a rly -juve n ile  o ffs p r in g  on th e  a b dom e n  

[B on te  &  M a e lfa it 2001]. As the se  ju ve n ile s  are th e  p o te n tia l b a llo o n e rs , 

in te rd e m ic  and g e o g ra p h ic  v a r ia tio n  co u ld  eas ily  be s tu d ie d  in th e  lab by 

e xc lu d in g  d ire c t e n v iro n m e n ta l e ffec ts . T ip to e -b e h a v io u r w as observed  in a 

te s t cham ber, fo llo w in g  Legel &  Van W in g e rd e n  [1980]. S p iders  w e re  in d i­

v id u a lly  p laced on a p la s tic  fra m e  o r  in g ro u p s  o f  m a x im a l five  in d iv id u a ls  

[in  case o f  la b o ra to ry  reared ju ve n ile s  o f  Pardosa species] on a p la tfo rm , 

placed in an a ir  tu n n e l w ith  u p w a rd  cu rre n ts  a t a te m p e ra tu re  o f  30 ±2°C , 

aeria l h u m id ity  o f  4 0 -5 0 %  and a lig h t breeze -  ve lo c ity  1-1.2 m /s . To p reven t 

th e  sp ide rs  fro m  esca p ing  by w a lk in g , th e  fra m e  o r  p la tfo rm  w as placed in a 

ba th  o fw a te r [s e e  Fig. I I I .1-4].
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Fig. 111.1.-3. Distribution o f wind direction with velocities lower than 3 m /s throughout the year 2000. Data from 

Koksijde Meteorologisch Station [2°3g’NB; 5i°05’ WL -[Meteorologische Berichten KNMI 2000].

V

Fig. 111.1-4. Schematic representation o f the used test chamber for the observation o f tiptoe-behaviour in spiders 

[here with platform, as used in the Pardosa monticola-experiment, described in chapter 111.6 [Picture by Jeroen 

Vanden Borre].
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In th e  f irs t tw o  chapters, w e re p o rt on pa tte rns  o f  in te rsp e c ific  va ria tio n  in 

b a llo o n in g  d ispe rsa l and its e ffect on th e  species ’ d is tr ib u t io n . The b a llo o n ­

ing  p ro p e n s ity  o f  29 species, o ccu rrin g  in grey dunes a long  th e  F lem ish  coast 

w as tes ted  un d e r s tan da rd ised  labo ra to ry  c o n d it io n s . As m a cro -se lec tion  

sh o u ld  b e ne fit a w e ll-deve loped  b a llo o n in g  behav iou r i f  th e  risk  o f  lan d in g  in 

an u n su ita b le  h a b ita t is low er th a n  th e  p ro b a b ility  in reach ing  a su ita b le  h a b i­

ta t, w e inves tig a ted  its re la tion  to  th e  degree o f  h a b ita t spe c ia lisa tion  and 

hypo thes ised  th a t spec ia lised  species w o u ld  be characte rised  by low er d is p e r­

sal p ro p e n s ity  tha n  genera lis ts  [ch a p te r I I I .2]. The  sam e da taset o f  sp id e r ba l­

lo o n in g  p ro p e n s ity  w as used to  s tud y  th e  im p o rta n ce  o f  b a llo o n in g  d ispe rsa l 

versus th e  degree o f  h a b ita t spe c ia lisa tion  and th e  landscape c o n fig u ra tio n  in 

sha p ing  species d is tr ib u t io n  pa tte rns  [ch a p te r III.3 ]. The  la tte r w ere derived 

fro m  p itfa ll sa m p lin g  cam pa ign s  o f  19 grey du ne  pa tches.

In c h a p te r  III.4 , w e  a im e d  to  d ise n ta n g le  th e  re la tive  c o n tr ib u t io n  o f  p re n a ­

ta l e n v iro n m e n ta l [m a te rn a l], g e n e tic  and p o s tn a ta l e n v iro n m e n ta l e ffects 

[d iffe re n t b re e d in g  c o n d it io n s  and acu te  s ta rv a tio n ] on th e  b a llo o n in g  la te n ­

cy o f  th e  c o m m o n  Erigone a tra . O ffs p r in g  o f  several fa m ilie s  w ere  reared 

u n d e r d iffe re n t b re e d in g  c o n d it io n s , e n a b lin g  us to  analyse v a r ia tio n  in pre- 

b a llo o n in g  b e h a v io u r in a q u a n tita tiv e  ge n e tic  way, by ge no typ e  x e n v iro n ­

m e n t [CxE] in te ra c tio n s . R e pe a tab ility  o f  th is  b e h a v io u r w as a d d it io n a lly  

in ve s tig a te d  w ith in  a m e th o d o lo g ic a l fra m e w o rk  fo r  fu tu re  research.

In th e  last p a rt, th e  c o n tr ib u t io n  o f  b o th  aeria l and c u rso ria l d isp e rsa l in 

m e ta p o p u la t io n  d yn a m ics  o f  th e  du n e  w o l f  s p id e r Pardosa m o n tico la  and 

in te rd e m ic  [and g e o g ra p h ica l] v a r ia tio n  in b o th  d ispe rsa l m o des  w e re  s tu d ­

ied w ith in  a fra g m e n te d  d u n e  land scape  w ith  pa tches o f  d iffe re n t qua lity . In 

c h a p te r  III.5 , w e  in ve s tig a te d  genera l p a tte rn s  in p o p u la tio n  dyn a m ics  o f  th e  

d u n e  w o l f  s p id e r P. m o n tico la  and th e  re la tive  im p o rta n c e  o f  c u rso ria l and 

aeria l d ispe rsa l fo r  pa tch  c o lo n is a tio n  and e x tin c tio n . Patch o ccu pancy  p a t­

te rn s  w e re  s tu d ie d  d u r in g  tw o  years and pa tch  dyn a m ics  w ere  inve s tig a te d  

by th e  a p p lic a tio n  o f  an in c id e n ce  fu n c tio n  m o d e l in w h ic h  pa tch  q u a lity  

and c o n n e c tiv ity  w ere  in c lu d e d  as in d e p e n d e n t va ria b les . P o p u la tio n -g e n e ti- 

cal v a r ia tio n  w as a d d it io n a lly  s tu d ie d  by a llo zym e  e le c tro p h o re s is . Because 

th is  m o d e l-a p p ro a ch  o n ly  reveals genera l p a tte rn s  and in d ire c t ev idence  o f
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th e  im p o rta n c e  and d ispe rsa l, v a r ia tio n  in aeria l d ispe rsa l w as s tu d ie d  m o re  

in to  d e ta il in fu n c tio n  o f  th e  landscape  and th e  m a te rn a l h a b ita t [ch a p te r  

As fem a les w ere  sa m p le d  fro m  landscape  w ith  d iffe re n t degrees o f  

g rass land  c o n fig u ra tio n , w e hyp o the s ise d  th a t, due  to  increased costs o f  

f lo a t in g  o u t o f  su ita b le  h a b ita t, o ffs p r in g  d ispe rsa l w o u ld  be h ig h e s t in the  

op en , large du ne  landscape and low es t in th e  iso la te d  and closed landscape 

w ith  a sm a ll area o f  su ita b le  g rass land  h a b ita t. In tra sp e c ific  v a r ia tio n  was 

a d d it io n a lly  inves tig a ted  w ith in  fo u r  su b p o p u la tio n s  in th e  F lem ish  coasta l 

dunes and linked  to  fea tu res o f  h a b ita t p re d ic ta b ility  and m a te rn a l c o n d it io n .

Finally, e m ig ra tio n  o f  P. m o n tico la  by m eans o f  c u rso ria l d isp e rsa l w as s tu d ­

ied in th re e  g rass land s  fro m  d iffe re n t q u a lity  by p itfa ll tra p p in g  and by 

d ire c t o b se rva tio n s  on o r ie n ta t io n  b e h a v io u r a t d iffe re n t d is ta nces  fro m  th e  

pa tch  edge, w ith in  th e  m o ss -d u n e  m a tr ix  [c h a p te r l l l . j [ .
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Abstract
A eria l dispersal by b a llo on ing  is a passive f ig h t ,  by w h ich  w in d  d ragg ing  gener­

ates an upw ard  l i f t  on a s ilk  thread. I t  is like ly to  reflect an  a e ria l lottery, in 

w hich  the  absence o f  f l ig h t  d irec tion  co n tro l is a serious cost f o r  long-distance  

dispersal in  a fra g m e n te d  landscape. For species, occu rring in  one p a tch ily  dis­

tr ib u te d  h a b ita t type, dispersal should  evolve in  a d iffe ren t way th a n  m o rpho log ­

ica l tra its , d irec tly  linked to  active dispersal. Therefore, we expect tha t, i f  the  risk 

o f  lan d in g  in  an unsu itab le  h a b ita t is low er th a n  the  p ro b a b ility  in  reach ing a 

su itab le  h a b ita t, selection should  benefit a well-developed ba llo on ing  behaviour. 

We investigated interspecific va ria tio n  in  the  b a llo o n in g -in itia tin g  tip to e  behav­

io u r as it  is linked to  sp ider dispersal p e fo rm a n ce . O u r results ind ica te  indeed  

th a t b a llo on ing  p e fo rm a n c e  is negatively re la ted to  h a b ita t specia lisation in spi­

ders f ro m  pa tchy  grey dunes, so h a b ita t specialists are characterised by poorly  

developed dispersal behaviour. These fin d in g s  are concordant w ith  recent insights  

th a t dispersal is selected as risk spreading in  generalists, w h ile  i t  is selected 

against in  specia list species.

Keywords: e v o lu tio n , d isp e rsa l, h a b ita t s p e c ia lis a tio n , ph y lo g e n e tica l ba ckg ro u n d
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D ispe rsa l in w in g le ss  a r th ro p o d s  occu rs  v ia  passive  tra n s p o r t in a ir  c u r­

re n ts , so ca lled  b a llo o n in g  i f  s ilk  th re a d s  are used. B a llo o n in g  is kno w n 

fro m  m a ny  a r th ro p o d  g ro u p s  and in it ia te d  by be h a v io u ra l a d a p ta tio n s  th a t 

enab le  th e  in d iv id u a l to  ta k e -o ff in th e  air. S p ide rs  w ill in it ia te  t ip to e  behav­

iour, an obse rvab le  b e h a v io u r by w h ic h  th e  legs are s tre tch e d  and th e  

a b d o m e n  is ra ised be fore  th e  s ilk  th re a d  is p roduce d  fro m  th e  sp in n e re ts . 

B a llo o n in g  is esp ec ia lly  kno w n  fro m  a large va r ie ty  o f  s p id e r fa m ilie s  

Araneae  [e.g. S a lm on  &  H o rn e r 1977; Dean &  S te rlin g  1985] and re s tr ic te d  

to  th e  ju v e n ile  in s ta rs  fro m  th e  la rg e r species due to  phys ica l c o n s tra in ts  

[H u m p h re y  1987]. It is tr ig g e re d  by in n a te  responses on acu te  fo o d  s h o r t­

age [W eym an &  Jepson 1994] o r  on fo o d  sh o rta g e  d u r in g  th e  ju v e n ile  d e ve l­

o p m e n t [B on te  et al. 2003b ]. D e ve lo p m e n ta l te m p e ra tu re  a lso exp la ins  a 

s u b s ta n tia l p a rt o f  th e  observed  in d iv id u a l v a r ia tio n  [B on te  et a l. 2003b ]. 

A d d it io n a lly , e n v iro n m e n ta l fa c to rs  in flu e n ce  th e  b a llo o n in g  p ro p e n s ity  

[W eym an 1995]. In th e  fie ld , e ffec tive  ta k e -o ff o n ly  occu rs  d u r in g  su ita b le  

m e te o ro lo g ic a l c o n d it io n s  [R ich te r 1970; Van W in g e rd e n  &  V u g h ts  1974; 

G re e n s to n e  1990; D u ffe y  1998]. E specia lly  h igh  a ir  te m p e ra tu re s  and low  

w in d  ve lo c itie s  [<3 m /s ]  are im p o r ta n t fo r  th e  in it ia t io n  o f  b a llo o n in g  d is ­

persa l [V ugh ts & V a n  W in g e rd e n  1976].

A lth o u g h  fa c to rs  as c lim b in g  u p  in th e  ve g e ta tio n  and ta k in g -o f f  are im p o r ­

ta n t fa c to rs  th a t in flu e n ce  th e  e ffec tive  aeria l d isp e rsa l [W eym an 1993], s tu d ­

ies on th e  la tency to  in it ia te  t ip to e  b e h a v io u r are im p o r ta n t fo r  u n d e rs ta n d ­

in g  v a r ia tio n  in th e  w illin g n e s s  o f  th e  s p id e r to  d ispe rse  by b a llo o n in g  

u n d e r su ita b le  m e te o ro lo g ic a l c o n d it io n s , s ince  it  is o n ly  expressed in 

advance o f  aeria l d ispe rsa l [W eym an 1993]. E specia lly  th e  fa c t th a t b a llo o n ­

in g  p ro p o r t io n s  are c o n s ta n t d u r in g  severa l t ip to e  o b se rva tio n  te s ts  [R ich te r 

1970] stresses th e  re lia b ility  o f  m e a s u rin g  v a r ia tio n  in th e  p e rfo rm a n ce  o f  

b a llo o n in g - in it ia t in g  b e h a v io u r w ith in  a d ispe rsa l fra m e w o rk .

B a llo o n in g  is su p p o se d  to  be an e ff ic ie n t m e ch a n ism  fo r  d is ta n t d ispe rsa l 

and hence fo r  c o lo n is a tio n  o f  su ita b le  b u t u n o ccu p ie d  h a b ita ts  [Toft 1995; 

D u ffe y  1998]. R ecent e m p ir ic a l in v e s tig a tio n  fa iled  h o w e ve r to  p rove  th e  

im p o rta n c e  o f  b a llo o n in g  in sh o rt- te rm  c o lo n is a tio n  p rocesses, a lth o u g h  it 

w as th e  best p re d ic to r  e xp la in in g  th e  pa tch  occupancy, re s u lt in g  fro m  lo n g ­



te rm  c o lo n is a tio n  and e x tin c tio n  dyn a m ics  [B on te  e t al. 2003c ]. In d ire c t 

s tu d ie s  o f  b a llo o n in g  d ispe rsa l a lso  to n e  do w n  th e  im p o rta n c e  o f  b a llo o n ­

in g  fo r  gene flo w  [R am irez  &  H aako nsen  1999]. A p pa ren tly , b a llo o n in g  is 

n o t always an e ffec tive  d ispe rsa l m o d e  be tw een p o p u la tio n s  and a m o re  

s to c h a s tic  event, c e rta in ly  in p a tc h ily  s tru c tu re d  p o p u la tio n s .

S ince passive aeria l d ispe rsa l d e pend s  on a ir  c u rre n ts , w in d  d ire c tio n s  and 

bo dy  m ass, and d is p e rs in g  in d iv id u a ls  have no  c o n tro l on th e  f l ig h t  d ire c ­

t io n  [C o m p to n  2 0 0 2 ], b a llo o n in g  d isp e rsa l is m o re  a lo tte ry. In heavily  fra g ­

m e n te d  landscapes, su ita b le  h a b ita ts  are p a tch ily  d is tr ib u te d  w ith in  an 

u n s u ita b le  m a trix . E spec ia lly  fo r  species fro m  the se  fra g m e n te d  h a b ita ts , 

aeria l d ispe rsa l s h o u ld  invo lve  a h igh  r is k  in re ach ing  p o te n tia l su ita b le  

ha b ita ts  [S am u et al. 1999; C o m p to n  2 0 0 2 ]. I f  pa tches are d is ta n tly  loca ted , 

lo w  d ispe rsa l d is ta nces , as a re su lt fro m  low  w in d  ve lo c itie s  [C o m p to n  

2 0 0 2 ] a d d it io n a lly  c o m p lic a te  succe ss fu l c o lo n is a tio n .

T h e o re tica l s tu d ie s  on th e  e v o lu tio n  o f  d ispe rsa l revealed th a t it is se lected 

ag a in s t by in tr in s ic  cos ts  and s tab le  e n v iro n m e n ta l h e te ro g e n e ity  [H o lt 

1985; D oeb e li &  R uxton 1997; D oeb e li &  R uxton 1998; P arvinen 1999; 

M a th ia s  et al. 2001], w h ile  it is fa vo u re d  by k in c o m p e tit io n  [H a m ilto n  &  

M ay 1977; P errin  &  Lehm an 2001; Lehm an &  P errin  2 0 0 2 ], in b re e d in g  

de p re ss io n  [C hesser &  Ryman 1986; Perrin  &  M a za lo v  1999; P errin  &  

M a za lo v  2 0 0 0 ] and te m p o ra l v a r ia b ility  in h a b ita t q u a lity  [Van Valen 1971; 

M cP eek &  H o lt  1992]. Recently, K isd i [2 0 0 2 ] fo u n d  th a t r is k  s p re a d in g  in 

s to c h a s tic  e n v iro n m e n ts  and a d a p ta tio n  to  p e rm a n e n t p ro p e rtie s  o f  local 

ha b ita ts  in te rp la y  in th e  s im u lta n e o u s  e v o lu tio n  o f  d ispe rsa l and h a b ita t 

s p e c ia lis a tio n . R o ff [1981] ana lysed th e  re la tive  costs  and b e ne fits  o f  w in d  

d isp e rsa l and Van Valen [1971] em p h a s ise d  th e  tra d e -o ff  be tw een passive 

aeria l d ispe rsa l and  c o m p e tit iv e  a b ilit ie s . O th e r a u th o rs  [e.g. R o ff 1975; Den 

B oer 1981; M cL ach lan  1985; M cP eek &  H o lt  1992] h yp o the s ise d  and c o n ­

f irm e d  th a t th e  advan tages o f  w e ll-d e ve lo p e d  d ispe rsa l a b ilit ie s  de c lin e  in 

s tab le  and h o m o g e n e o u s  h a b ita ts . Species in h a b it in g  one fra g m e n te d  h a b i­

ta t  type  sh o u ld  be cha rac te rised  by s im ila r  b a llo o n in g  b e h a v io u r p ro p e n s i­

tie s . In te rs p e c if ic  d iffe ren ces  have h o w e ve r been ob served  [Van W in g e rd e n  

1980; G re e n s to n e  1982; M ille r  1984], so a d d it io n a l e v o lu tio n a ry  processes
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m u s t have ge nera ted  th is  v a r ia tio n  o f  th e  d isp e rsa l- lin ke d  be h a v io u ra l tra it .

Because o f  th e  a p p a re n t large cos t o f  passive  aeria l d isp e rsa l in fra g m e n te d  

landscapes, w e expect p o s it iv e  se le c tio n  fo r  th e  p e rfo rm a n ce  o f  th e  b a llo o n ­

in g  d isp e rsa l i f  th e  in d iv id u a l be n e fits  fro m  th e  d isp e rsa l. N a tu ra l se lec tio n  

s h o u ld  reduce a w e ll-d e ve lo p e d  b a llo o n in g  be hav iou r, i f  th e  r is k  o f  la n d in g  

in an u n s u ita b le  h a b ita t is h igh  o r  i f  th e  species is s tr ic t ly  spe c ia lised  to  one 

[heav ily  fra g m e n te d ] h a b ita t type . P a tte rns  o f  se le c tio n  fo r  reduced d ispe rsa l 

have been observed  fo r  w in d -d is p e rs e d  seeds in iso la te d  p la n t p o p u la tio n s  

[C a rlq u is t 1966; C ody &  O ve rto n  1996]. S e lec tion  fo r  d isp e rsa l in g e ne ra lis ts  

hence fa vo u rs  r is k  s p re a d in g  because o f  a s u b o p tim a l a d a p ta tio n  to  th e  

loca l h a b ita t, w h ile  d ispe rsa l is se lected ag a in s t in sp e c ia lis ts  by a d a p ta tio n  

to  loca l e n v iro n m e n ta l c o n d it io n s  [K isd i 20 02 ].

V e ge ta tion  o f  grey du nes  in c lu d e s  A tla n tic  m o ss  d o m in a te d  du nes  [m a in ly  

Tortu la rura lis] as w e ll as d u n e  g rass land  [w ith  a d is t in c t o rg a n ic  so il layer] 

b e lo n g in g  to  th e  C ladonio-KoelerietaHa  in  case o f  lim e  rich  grey d u n e  and to  

th e  TrifoHo-FestucetaHa ovinae  in case o f  d e ca lc ified  grey dunes [P ro vo o s t et 

al. 2 0 0 2 ]. C lim a to lo g ic a l c o n d it io n s  are ex trem e w ith  h igh  te m p e ra tu re  and 

lo w  h u m id ity  in  th e  su m m e r. As a re su lt, a r th ro p o d  ab u n d a n ce  peaks d u r­

in g  w in te r  and s p r in g  [B on te  e t al. 2 0 0 0 a ; B on te  et al. 2 0 0 2 d ]. Patch q u a lity  

and is o la tio n  are th e  m a in  d e te rm in a n ts  e x p la in in g  p o p u la tio n  dyn a m ics  o f  

a ty p ic a l s p id e r  species [B on te  et al. 2003c ]. In o rd e r to  te s t th e  p re d ic tio n  

o f  a reduced d ispe rsa l p ro p e n s ity  in spe c ia lised  species, sh o w in g  s tro n g  

m o rp h o lo g ic a l, be h a v io u ra l and p h e n o lo g ica l a d a p ta tio n  to  th is  h a b ita t 

type , w e re la te  e xp e rim e n ta l da ta  on th e  p e rfo rm a n ce  o f  b a llo o n in g  behav­

io u r  by grey du ne  sp id e rs  to  th e ir  degree o f  th e ir  h a b ita t s p e c ia lisa tio n .

lo o



M ethods
Study organism s: collection and testing  instars

B etw een A p ril 1999 and M ay 2001, sp id e rs  w e re  co llec te d  fro m  grey du ne  

ve g e ta tio n  fro m  th e  coasta l du nes  in De Panne and O o s td u in k e rk e  

[B e lg iu m ]. D w a rfsp id e rs  [L in yp h iid a e ], A rgenna subnigra  [D ic tyn id a e ], Zelotes  

electus  [G n apho s idae ], O zyp tiia  s im p lex  [T h o m is id a e ] and Hypsos'mga a lb o v it­

ta ta  [A rane idae ] w e re  sa m p le d  by c o lle c tin g  m oss and lo w -h e rb  ve g e ta tio n  

and m a n u a l e x tra c tio n  in th e  lab. Egg sacs [guarded  by th e  fem a le ] o f  

Xysticus  species [T h o m is id a e ] w ere  searched d u r in g  A p ril-Ju ne  in th e  m oss 

ve g e ta tio n  and reared in th e  lab on p e tri-d ish e s  w ith  p la s te r o f  Paris u n d e r 

ro o m  te m p e ra tu re  and an aeria l h u m id ity  near to  s a tu ra tio n . W o lfsp id e rs  

[Lycosidae]  w ith  an a ttached  coco on  o r  w ith  ju v e n ile s  on th e  back w ere  

ac tive ly  co llec te d  by hand [fo r species o f  th e  genus Pardosa and Arctosa pe ri­

ta ]  o r  pass ive ly  by u s in g  dry p itfa lls  [fo r species o f  th e  genus Alopecosa], The 

p itfa lls  w ere  e m p tie d  every th re e  days d u r in g  a tw o -w e e k  p e rio d  in A p r il-  

M ay 1999 [fo r species o f  th e  genus Alopecosa], H and  c o lle c tio n s  w ere  p e r­

fo rm e d  in M a rch  [A. pe rita ] and June-July fo r  Pardosa species. Juveniles w ere 

reared in th e  lab u n d e r th e  sam e c o n d it io n s  as Xysticus s p id e r lin g s  u n til th e  

second  o r  th ird  in s ta rs  [C o lle m b o la n  Iso tom a virid is  as p rey ad lib itu m ].

O n ly  a d u lt d w a rfsp id e rs  L inyph iidae  and  sm a ll ju v e n ile  sp id e rs  fro m  th e  

o th e r  genera w ere  used fo r  th e  e xp e rim e n t, s ince  the se  have idea l m asses 

fo r  aeria l d isp e rsa l [< lm g :  G re e n s to n e  et al. 1987]. I f  p o ss ib le , in d iv id u a ls  

w e re  te s te d  in th e  m o u lt in g  in s ta rs  in w h ic h  th e y  w ere  a lready en co u n te re d  

as b a llo o n in g  in d iv id u a ls  in fie ld  s itu a tio n s  [in s ta r 11,111 fo r  Lycosidae and 

T h o m is id a e , in s ta r III - s u b a d u lt  fo r  A rgenna subnigra  and  Hypsos'mga 

a lb o v itta ta ; B on te  et a l., 1998; B on te  &  M a e lfa it 2001].

Estim ating ballooning propensity

The p ro p e n s ity  to  express t ip to e  b e h a v io u r w as te s te d  fo llo w in g  Legel &

Van W in g e rd e n  [1980] and B on te  et a l. [2003b ]. S p iders  w ere  in d iv id u a lly  

p laced on a p la s t ic  fra m e  o r  in g ro u p s  o f  m a x im a l five  in d iv id u a ls  [in case 

o f  la b o ra to ry  reared ju ve n ile s  o f  Pardosa species] on a p la t fo rm , so in traspe -
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c ifîc  in te ra c tio n s  w ere  reduced . R ecorded b a llo o n in g  fre q u e n c ie s  w e re  s im i­

la r in b o th  te s t in g  des ig ns  [B on te , u n p u b . da ta ], so da ta fro m  all exp e ri­

m e n ts  cou ld  be used in th e  sam e ana lys is . The te s t in g  p la tfo rm  o r  fra m e  

w as p laced in an a ir  tu n n e l w ith  u p w a rd  cu rre n ts  at a te m p e ra tu re  o f  30 

±2°C , aeria l h u m id ity  o f 4 0 -5 0 %  and a lig h t breeze -  ve lo c ity  1-1.2 m /s .  To 

p reven t th e  sp id e rs  fro m  e sca p ing  by w a lk in g , th e  fra m e  o r  p la tfo rm  was 

placed in a ba th  o f  w ater.

O b se rva tio n s  w e re  co n d u c te d  d u r in g  20  m in u te s . O n ly  i f  th e  t ip to e  behav­

io u r  pe rs is ted  fo r  a t least th re e  seconds, th e  o b se rva tio n  w as in te rp re te d  as 

va lid  [B on te  e t al. 20 03b].

S ince n u tr it io n a l c o n d it io n s  in flu e n ce  th e  b a llo o n in g  b e h a v io u r [B on te  e t al. 

2003b ] and m o re  sp e c if ica lly  s ta rv a tio n  acts as th e  fin a l tr ig g e r  fo r  th e  in i t i ­

a tio n  o f  th e  t ip to e  behav iou r, sp ide rs  w e re  fed in th e  lab a t lib id u m  w ith  

Iso tom a virid is  [C o lle m b o la ] and s ta rved fo r  one  w eek, be fo re  te s t in g  in the  

e xp e rim e n ta l cham ber.

Estim ation o f  hab ita t specialisation

S pec ies -spec ific  levels o f  h a b ita t s p e c ia lisa tio n  w ere  e s tim a te d  in tw o  ways: 

By u s in g  th e  level o f  m a x im a l in d ic a to r  va lue  in th e  d ic h o to m o u s  and h ie r­

a rch ica l c lu s te r in g  o f  th e  p itfa ll da ta  fro m  all k inds  o f  coasta l d u n e  veg e ta ­

t io n  [as d o c u m e n te d  in B on te  et al. 2002a ] as an ap p ro a ch  o f  e u ry to p ic ity  

[D u frê n e  &  Legendre 1997]. T h is  ap p roa ch  d e te rm in e s  in d ic a to r  species at 

d iffe re n t h ie ra rch ica l o r  n o n -h ie ra rch ica l levels o f  c lu s te r in g  by c o m b in in g  

re la tive  species a b unda nce  w ith  its re la tive  fre q u e n cy  o f  occu rren ce  in th e  

va r io u s  g ro u p s  o f  s ite  w ith in  each level o f  c lu s te rin g . Species w ith  a m a x i­

m a l in d ic a to r  va lue  [IndV a l] at th e  f irs t  level are ge n e ra lis t e u ry to p ic  species 

in th e  d u n e  area, o c c u rr in g  in m a ny  k inds o f  du n e  ve g e ta tio n s ; th o s e  w ith  

m a x im a l IndVal at th e  lo w e r level [level 6] o ccu r o n ly  in very sp e c if ic  h a b i­

ta ts  [grey d u ne ] and are spe c ia lised  s te n o to p ic  species. Species w ith  a m a x i­

m a l IndVal at in te rm e d ia te  d iv is io n  levels are b o u n d  to  m o re  th a n  one  type  

o f  typ ica l coasta l d u n e  h a b ita t. D is p e rs in g  in d iv id u a ls  a cc id e n ta lly  tra p p e d  

in a ce rta in  h a b ita t w ill o n ly  m a rg in a lly  in flu e n c e  th e  IndVal c a lcu la tio n  due 

to  its  sp e c if ic  a lg o r ith m  [D u frê n e  &  Legendre  1997].

By c o u n tin g  th e  n u m b e r o f  d is t in c t h a b ita t type s , as g iven  by H ä n g g i et al.
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[1995]> ¡n w h ic h  species w ere  re g u la rly  fo u n d  in C entra l E urope. The nega­

tiv e  lo g a r ith m s  w ere  taken  to  scale th is  m e a su re m e n t n o rm a lly  in th e  sam e 

w ay as th e  p re v io u s  es tim a te .

Statistical analyses

D ata  on in d iv id u a l t ip to e  p e rfo rm a n ce  w ere  used as b in o m ia l re sponse  v a r i­

ab les in a ge nera lized  m ixed  lin e a r m o d e l w ith  lo g it lin k  [g lim m ix  p rocedu re  

in SAS 8 .i] ,  w ith  backw ards e lim in a tio n  o f  n o n -s ig n if ic a n t va ria b les . H a b ita t 

sp e c ia lis a tio n  w as in c lu d e d  as a c o n tin u o u s  fac to r.

P hy logene tica l ba ckg ro u n d  w as in c lu d e d  as fixed fac to r. For o u r  tes ted  

species, however, o n ly  tw o  pa ra lle l c lades are c u rre n tly  d is tin g u is h e d  

[C o d d in g to n  &  Levi 1991]: O rb ic u la r ia  [ in c lu d in g  A ran e idae , L inyp h iidae , 

and Te trag na tid ae ] and th e  RTA-clades [ in c lu d in g  G n a p h o s id a e , D ic tyn ida e , 

T h o m is id a e  and Lycosidae].

Species w as in c lu d e d  as ra n d o m  fa c to r  and te s te d  ag a in s t th e  %2 d is tr ib u ­

t io n  [d f=  1] o f  th e  L o g -L ike lih o o d -d iffe re n ce  be tw een th e  m o d e ls  w ith  and 

w ith o u t  ra n d o m  facto r.

Results

Relation between hab ita t specialisation and ballooning frequency

The species used fo r  th e  e xp e rim e n t and th e  n u m b e rs  o f  te s te d  in d iv id u a ls  

are g iven in Table I I I .2-1. The b a llo o n in g  fre q u e n cy  d iffe rs  be tw een species 

and d e pend s  on th e  degree o f  h a b ita t s p e c ia lisa tio n  and ph y lo gen e tica l 

b a ckg ro u n d . V a ria tio n  exp la ined  by th e  ra n d o m  fa c to r  [species] is s ig n if ic a n t 

fo r  th e  IndVal [a 2=o .8 27 ; =287.1 ; p < o .o o i]  and th e  H ä n g g i ap proa ch

[a 2= i.0 9 4 ;  X 2 n = 95-5: p c o .o o i] ,

IndVal h a b ita t s p e c ia lisa tio n  is ne ga tive ly  re la ted  w ith  th e  b a llo o n in g  fre ­

qu ency  [m o d e l s lope  o f  -0,732 ±  0,127] a r|d In te rac ts  s ig n if ic a n tly  w ith  th e  

p h y lo g e n e tica l b a ckg ro u n d  in case o f  th e  H ä n g g i h a b ita t sp e c ia lisa tio n  

[Table I I I .2-2]. H ere , m o d e l s lopes are -1 .0 2 7  ±  0.261 [s.e.] and -0 .3 9 7  ±  

0.313 [s.e.] fo r  re spec tive ly  th e  O rb ic u la r ia  and RTA-clades. P hy logene tica l
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Species and family IndVal-

level

#  habitat ball, 

types freq. %]

n

Alopecosa barbipes [Sundevall, 1833] [Lycosidae] 3 19 8.95 67 [6]

Alopecosa fabrilis  [Clerck, 1757] [Lycosidae] 6 8 0.00 21

Alopecosa pulverulenta [Clerck, 1757] [Lycosidae] 2 72 16.36 55 [4]
Arctosa perita [Latreille, 1799] [Lycosidae] 2 12 20.91 n o  [7]

Argenna subnigra [O.-P. Cambridge, 1861] [Dictynidae] 1 l6 40.00 35
Centromerita concinna [Thorell, 1875] [Linyphiidae] 2 38 56.37 55
Erigone atra Blackwall, 1833 [Linyphiidae] 1 79 96,000 300

Erigone dentipalpis [Wider, 1834] [Linyphiidae] 2 76 73.21 56
Hypsosinga albovittata [Westring, 1851] [Araneidae] 3 16 33-33 15
Meioneta rurestris [C.L. Koch, 1836] [Linyphiidae] 2 85 77-5° 40

Ozyptila simplex [O.P.-Cambridge, 1862] [Thomisidae] 2 25 32.35 34
Pachygnatha degeeri Sundevall, 1830 [Tetragnathidae] 2 75 35-59 59
Parapeneopsis nemoralis [O.P.-Cambridge, 1884] [Linyphiidae] 2 12 10.57 123

Pardosa monticola [Clerck, 1757] [Lycosidae] 4 16 8.08 569 [22]

Pardosa nigriceps [Thorell, 1856] [Lycosidae] 1 31 42.26 97 [6]
Pardosa pullata [Clerck, 1757] [Lycosidae] 2 67 15-73 89 [7]
Pelecopsis parallella [Wider, 1834] [Linyphiidae] 5 47 20.59 34
Styloctetor romanus [O.P.-Cambridge, 1872] [Linyphiidae] 6 1 12.69 134
Tenuiphantes tenuis [Blackwall, 1852] [Linyphiidae] 1 77 85.29 34
Thyphochrestus digitatus [O.P.-Cambridge, 1872] [Linyphiidae] 5 16 10.95 210

Tiso vagans [Blackwall, 1834] [Linyphiidae] 3 56 46.87 32
Trichopterna cito [O.P.-Cambridge, 1872] [Linyphiidae] 3 16 22.99 87
Walckenaeria monoceros [Wider, 1834] [Linyphiidae] 2 14 45.83 48
Walckenaeria stylifrons [O.P.-Cambridge, 1875] [Linyphiidae] 6 3 4-35 23
Walckenaeria antica [Wider, 1834] [Linyphiidae] 1 59 88.23 34
Xysticus kochi Thorell 1872 [Thomisidae] 3 43 32.31 65 [3]
Xysticus ninnii [Thorell, 1872] [Thomisidae] 5 6 0.00 21 [1]

Xysticus sabulosus [Hahn, 1832] [Thomisidae] 4 6 13.64 110 [6]

Zelotes electus [C.L. Koch, 1839] [Gnaphosidae] 2 16 36.00 25

Table III.2-1 - Species that were tested for tiptoe behaviour, with indications o f their degree o f habitat specialisation 

[IndVal level from Bonte et al. 2002a; number o f habitat types in which the species occurs following Hänggi et al. 

199;], observed ballooning frequency and number o f tested individuals [with notes on the number o f mothers in 

case o f laboratory rearing]
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b a ckg ro u n d  o n ly  exp la ins  s ig n if ic a n t v a r ia tio n  in case o f  th e  In d V a l-m od e l 

and does n o t in te ra c t w ith  th e  degree o f  h a b ita t sp e c ia lis a tio n  [Table I I I .2 -2 ].  

M o d e l p a ra m e te r e s tim a te s  fo r  th e  RTA and O rb ic u la r ia  c lade are in th is  

case re spec tive ly  1 .0 7 6  ±  0 . 4 4 2  [s.e.] and 0 . 4 9 5  ±  ° - 4 3 2  [s -e -]-

The g o odne ss  o f  th e  m o d e ls  [F ig. I I I .2-1] is s ig n if ic a n t

[>C indV a |2 2 5 6 o = 2 0 1 1 -9 4 ;  X H a n g g i22559= 2011-H i b o th  p < o .o o o i]  and s ta n ­

d a rd ised  re s id ua ls  are n o rm a lly  d is tr ib u te d  [S hap iro  W ilk ’s W |ncjy a|= o .97  

and W |_|a r|gg ¡= o .9 6 ]

Table III.2-2 - Results o f logistic model for ballooning frequency with habitat specialisation [HabSpec for both IndVal 

and Hänggi approach] and phylogenitical background [Phyl] as dependant variables.

Specialisation approach Variable numerator d.f. denominator d.f. F P

IndVal HabSpec i 32.1 33.00 <0.0001

Phyl 1 27.3 15.68 0.0005

Phyl*HabSpec i 34-5 1.06 0.311

Hänggi HabSpec i 27.4 14-35 0.0008

Phyl 1 27.8 0.23 0.636

Phyl*HabSpec i 25-5 8.05 0.0080

Discussion

The p resen t la b o ra to ry  s tu d y  d e m o n s tra te s  th a t s p id e r species, cha rac ­

te r ise d  by a h igh  degree o f  h a b ita t s p e c ia lisa tio n  sh o w  lo w e r b a llo o n in g  

p ro p e n s itie s  th a n  species o c c u rr in g  in a w id e  va r ie ty  o f  h a b ita ts .

In genera l, b a llo o n in g  d isp e rsa l is th o u g h t to  be m o re  c o m m o n  in species 

fro m  u n s ta b le  and e p h e m e ro u s  h a b ita ts  [like  a rab le  land ], w h ic h  becom e 

qu ick ly  u n s u ita b le  [S am u et al. 1999]. A p p a re n tly  b a llo o n in g  d ispe rsa l 

seem s to  be evo lved  in th e  sam e w ay as f l ig h t  a b ility  in w in g e d  insects  [e.g. 

R o ff 1975; Den B oer 1981; M cL ach lan  1985]. S om e a u th o rs  c o n firm  d if fe r­

ences in b a llo o n in g  fre q u e n cy  be tw een species [Van W in g e rd e n  1980;
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Fig. III.2-1: Relation between ballooning propensity and the degree o f habitat specialisation in grey dune spi­

ders from the RTA-clade and the Orbicularia.

[a] Mean species frequency and [c] logistic model for habitat specialisation as derived from IndVal levels 

[Bonte et al. 2002a], [b] Mean species’ frequency and [d] logistic model for habitat specialisation as derived 

from Hänggi et al. [1995].

G re e n s to n e  1982; M il le r  1984], b u t in tra s p e c if ic  d iffe ren ces  are n o t yet d o c ­

um e n te d , a lth o u g h  B on te  et al. [2003b ] fo u n d  g e n e tic  v a r ia tio n  a t th e  basis 

o f  th e  b a llo o n in g - in it ia t in g  behav iou r.

O u r  da ta  sug ges t th a t v a r ia tio n  in th e  p re -b a llo o n in g  b e h a v io u r fo r  species 

fro m  one  h a b ita t typ e  in a h e te ro gen eous  land scape  is re la ted  to  th e ir  

degree o f  h a b ita t s p e c ia lisa tio n  and ph y lo g e n e tica l b a ckg rou nd .

In a d d it io n  to  e a rlie r f in d in g s  o f  R ich te r [1970,1971] o u r  re su lts  in d ic a te  th a t 

th e  e v o lu tio n  o f  th is  be h a v io u ra l tra it ,  lin ked  to  d isp e rsa l, o r ig in a te s  a d d i­

t io n a lly  fro m  o th e r  fa c to rs  th a n  th e  n a tu re  [s ta b ility ] o f  th e  h a b ita t

Orbicularia•  Orbicularia 
O RTA-clade RTA-clade

Habitat specialisation Habitat specialisation
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[S o u th w o o d  1977]. The a b ility  o f  th e  species to  su rv ive  in o th e r  h a b ita ts  is 

a p p a re n tly  an im p o r ta n t d e te rm in a n t o f  b a llo o n in g  e v o lu tio n  in fra g m e n te d  

ha b ita ts  w ith in  h e te ro gen eous  landscapes. S im ila r  re su lts  on reduced d is ­

persa l in pa tchy  h a b ita ts  have a lso  been fo u n d  in spe c ia lised  c a c to p h ilic  

D rosophila  species fro m  C e n tra l-A m e rica n  deserts  [M a rk o w  &  C astrezana 

2 0 0 0 ].

For e u ry to p ic  species, ab le to  su rv ive  in m a n y  h a b ita t type s , th e  cos t o f  b a l­

lo o n in g  is c e rta in ly  lo w e r th a n  fo r  spe c ia lised  species and a w e ll-d e ve lo p e d  

b a llo o n in g  b e h a v io u r is e v o lu tio n a ry  fa vo u re d . As a lready p re d ic te d  by th e o ­

re tica l m o d e ls  [K isd i 2 0 0 2 ], d isp e rsa l p ro p e n s ity  in  sp id e rs  fro m  grey dunes 

is se lected as risk  s p re a d in g  in ge n e ra lis t species, w h ile  it is se lected 

ag a in s t in  s p e c ia lis t species, th e  la tte r be in g  adap ted  lo loca l h a b ita t c o n d i­

t io n s . S ince o n ly  species fro m  one h a b ita t type  w e re  in ve s tig a te d , d if fe r ­

ences in h a b ita t s to c h a s tic ity  c a n n o t act as a se le c to r fo r  d isp e rsa l. D ata on 

th e  p o p u la tio n  g e n e tic  s tru c tu re  are o n ly  ava ilab le  fo r  one  species w ith  an 

in te rm e d ia te  degree o f  h a b ita t s p e c ia lisa tio n  [Pardosa m o n tic o la : B on te  et al. 

[2003c]] and in d ica te  a very lo w  ge n e tic  d iffe re n tia tio n  be tw een even very 

d is ta n t p o p u la tio n s . O th e r  s tu d ie s  on coasta l d u n e  a r th ro p o d s  c o n firm  th is  

lo w  d iffe re n tia tio n  [R am irez  &  F roeh lig  1997; B o u lto n  et al. 1998], su g g e s t­

in g  s im ila r  e n v iro n m e n ta l se lec tio n  p ressures [sand o ve rb lo w in g ]. 

A d d it io n a lly , s p id e r d e n s itie s  are very h igh  [B on te  et al. 2 0 0 0 a ], so kin c o m ­

p e tit io n  and in b re e d in g  de p re ss io n  are less like ly  to  se lect fo r  d ispe rsa l.

T h is  new  in s ig h t p o ss ib ly  exp la ins  s u rp r is in g ly  h igh  b a llo o n in g  p ro p o r t io n s  

in sp id e rs  fro m  s tab le  h a b ita ts  [M ille r  1984]. Reduced d isp e rsa l by s h o r t­

te rm  se lec tio n  has a lso  been observed  fo r  w in d -d is p e rs e d  seeds in iso la te d  

p la n t p o p u la tio n s  [C a rlq u is t 1966; C ody &  O ve rto n  1996].

P hy logene tica l b a ckg ro u n d , in w h ic h  species fro m  th e  O rb ic u la r ia  p e rfo rm  a 

b e tte r b a llo o n in g  b e h a v io u r in c o m p a ris o n  to  species fro m  th e  RTA-clade 

exp la ins  s u b s ta n tia l a m o u n t o f  th e  observed  v a r ia tio n . D e p e n d a n t o f  the  

used m e a s u re m e n t o f  h a b ita t s p e c ia lisa tio n , ph y lo gen y  is s ig n if ic a n t on its 

ow n  o r  in in te ra c tio n  w ith  h a b ita t s p e c ia lis a tio n . D iffe re n t p a tte rn s  in the  

ap p ro a ch  o f  h a b ita t sp e c ia lis a tio n  [IndV a l levels have a m u ch  n a rro w e r 

range th a n  th e  d ire c t co u n ts  fro m  H ängg i et al. [1995]] o r ig in a te  th is  con tras t,
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a lth o u g h  th e  tw o  used m e asu re m en ts  co rre la te  w e ll. Species fro m  the  

O rb icu la ria  sho w  in bo th  cases h igh e r o r equal b a llo o n in g  p ro p e n s itie s  fo r  a 

given degree o f  h a b ita t sp e c ia lisa tio n . Th is  clade con ta ins  o rb  and cobw eb 

sp ide rs  [C o d d in g to n  &  Levi 1991], species liv in g  in th e  h ig h e r s tra ta  o f  the  

veg e ta tio n  and de p e n d a n t o f  a w e ll-deve loped  s ilk  p ro d u c tio n  fo r  w eb b u ild ­

ing . T h e ir occupancy o f  pa tches o f  ta lle r  veg e ta tio n  and th e  m o re  fre q u e n t 

s ilk  p ro d u c tio n  p robab ly  increase th e  n u m b e r o f  o p p o rtu n it ie s  fo r  b a llo o n in g . 

M any species o f  th is  c lade are a lso sm a ll-s ized  [L in yph iida e ] in th e  ad u lt 

stages, and can phys ica lly  ba lloon  d u r in g  th e ir  e n tire  life  cycle, th is  in co n ­

tra s t to  th e  larger species [m o re  represented  in th e  RTA-clade] in  w h ich  ba l­

lo o n in g  is o n ly  re s tric ted  to  th e  [early] ju ve n ile  ins ta rs . T h is  m ay a d d itio n a lly  

s tre ng th en  se lec tion  fo r  d ispe rsa l. A n in te ra c tio n  o r co va ria tio n  betw een m o r­

ph o log ica l and behav iou ra l evo lu tio n , re la ted to  d ispe rsa l, is th u s  observed. 

As o n ly  th e  phy logene tica l c lade sep ara tio n  is cu rre n tly  ava ilable, a co n s id e r­

ab le a m o u n t o f  va ria tio n  exp la ined by th e  degree o f  h a b ita t spe c ia lisa tion  

m ay ac tu a lly  resu lt fro m  w eaker phy logene tica l re la tio n sh ip s  ra the r th a n  fro m  

h a b ita t asso c ia tion  per se. However, th e  e ffect o f  spe c ia lisa tion  is c lear w ith in  

re la ted species fro m  th e  sam e fa m ily  [Lycosidae and L inyph iidae ] and w ith in  

species fro m  th e  sam e genus [Alopecosa, Pardosa, Xysticus, W lackenaeria], 

in d ica tin g  a tru e  e ffect o f  th e  degree o f  h a b ita t sp e c ia lisa tion .

A  w e ll-d e ve lo p e d  d isp e rsa l cap ac ity  is th e  f ir s t  c o n d it io n  fo r  a succe ss fu l 

c o lo n is a tio n  [D en B oer 1970; T h o m a s  et al. 2001b ; B u llo ck  et al. 2 0 0 2 ] and 

is re la ted  to  loca l d is tr ib u t io n  [M a lm q v is t, 2 0 0 0 ] o r  pa tch  o ccu pancy  in 

fra g m e n te d  h a b ita ts  [H a n sk i 1999a]. E ffective  w in d  d ispe rsa l has a lready 

been s tro n g ly  lin ked  to  c o lo n is a tio n  a b ility  in a n u m b e r o f  p la n t species 

[C r im e  1986; D w zo n ko  &  Lo s te r 1992; N aka sh izu ka  et al. 1993; S töck lin  &  

B ä u m le r 1996]. B a llo o n in g  in sp id e rs  has a lso been sho w n  to  be e ffec tive  in 

th e  c o lo n is a tio n  o f  re cen tly  c leared land [M e ije r  1977; W eym an &  Jepson 

1994] and exp la ins  occu p a n cy  p a tte rn s  o f  species [B on te  et a l. 2003c ]. O u r 

da ta  sug ges t th a t in fra g m e n te d  h a b ita ts , s p id e r d ispe rsa l p ro p e n s ity  

de c lin es  in h a b ita t sp e c ia lis ts . As a re su lt, h a b ita t sp e c ia lis ts  w w ill be 

exposed to  h ig h e r e x tin c tio n  chances th a n  th e ir  m o re  e u ry to p ic  con - 

sp e c if ics . So, in tr in s ic  rare species w ill be com e  ra re r due  to  reduced d is p e r­

sal i f  fra g m e n ta tio n  increases.
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Abstract
Species d is tr ib u tio n  pa tte rns  have been expla ined by H u tch in so n ’s niche theory, 

m e ta p o p u la tio n  theory and source-sink theory. E m p irica l verifica tion  o f  th is  

fra m e w o rk , however, rem ains surpris ing ly scant. In  th is  paper, we test the  

hypothesis th a t landscape characteristics [pa tch  size and  connectiv ity], a e ria l dis­

persal a b ility  and  niche breadth  in te rac t in  exp la in ing  d is tr ib u tio n  pa tte rns  o f  29 

sp ider species in h a b it in g  fra g m e n te d  grey dunes. D is tr ib u tio n  pa tte rns  on ly  

depended on ae ria l dispersal po ten tia l, and  the  in te rac tion  between pa tch  con­

nectiv ity  and  area. N iche breadth, m easured as the  degree o f  h a b ita t specialisa­

t io n  in  the  to ta l coasta l dune system, d id  no t co n tribu te  to  the  observed d is tr ib u ­

t io n  patterns. A d d it io n a l va ria tio n  in  pa tch  occupancy fre que ncy  was strong ly  

species-dependent and  was de term ined by d iffe ren t responses to  the  degree o f  

pa tch  connectiv ity  f o r  ba llo on ing  dispersal. Results f ro m  th is  study suggest th a t 

dispersal a b ility  largely affects o u r perception o f  a species fu n d a m e n ta l n iche ’, 

a nd  th a t source-sink and  m e ta p o p u la tio n  dynam ics m ay have a m a jo r im p a c t 

on the  d is tr ib u tio n  o f  species. From a conservation p o in t o f  view, specialised [and  

hence in tr in s ica lly  rare] species can be pred icted to  become ra rer i f  fra g m e n ta ­

t io n  increases and  connectiv ity  decreases. This s tudy is, to  o u r knowledge, one o f  

the  fe w  lin k in g  species d is tr ib u tio n  [an d  n o t pa tch  occupancy, species d iversity o r  

richness] to  landscape eco logical [pa tch  connectiv ity  and  area] and  auto-ecologi- 

ca l [n iche breadth, dispersal p o te n tia l] fea tures.

Keywords: A raneae, b a llo o n in g , m e ta p o p u la t io n , n iche , sou rce -s in k  

n o



In troduction
H u tc h in s o n ’s n iche  the o ry , m e ta p o p u la t io n  th e o ry  and sou rce -s in k  th e o ry  

c o m b in e d , p ro v id e  a so lid  co n ce p tu a l fra m e w o rk  fo r  th e  s tu d y  o f  species 

d is tr ib u t io n  pa tte rn s  [P u lliam  1988, H ansk i 1998, 1999a, 1999b , P u lliam

2 0 0 0 ]. E m p irica l v e r if ic a tio n  o f  th is  fra m e w o rk , however, re m a in s  s u rp r is ­

in g ly  scan t [P u llia m  2 0 0 0 ]. B esides, case s tu d ie s  e x a m in in g  th e  e ffects  o f  

o rg a n ism -b a se d  pa ram e te rs  and land scape  s tru c tu re  on d is tr ib u t io n  p a t­

te rn s  o ften  y ie ld  in c o n s is te n t re su lts . For ins ta nce , species re g u la rly  p rove  

a b sen t fro m  ‘su ita b le  h a b ita t’ [as p re d ic te d  by th e  m o d ifie d  H u tc h in s o n ’ s n- 

d im e n s io n a l n iche  co n ce p t; H u tc h in s o n  1957] and p re se n t in ‘ less s u ita b le ’ 

one  [P u llia m  2 0 0 0 ].

P atte rns o f  d is tr ib u t io n s  in he te ro gen eous  landscapes th u s  re flec t co m p le x  

b io t ic  in te ra c tio n s , such as betw een species c o m p e tit io n , d ispe rsa l, n iche 

b read th  and th e  d is tr ib u t io n  o f  e n v iro n m e n ta l pa ram e te rs  in space and t im e  

[e.g. P u lliam  &  D an ie lson  1991; M o ila n e n  &  H ansk i 1995; P u lliam  2 0 0 0 ]. 

M e ta p o p u la t io n  th e o ry  s ta tes th a t loca l p o p u la tio n  e x tin c tio n s  are n o t as 

u n c o m m o n  as p re v io u s ly  th o u g h t [B roo ke r &  B rooker 2 0 02 , S m ith  and 

H e llm a n n  2 0 02 ] and m ay re su lt fro m  s to ch a s tic  changes in h a b ita t q u a lity  

and d e m o g ra p h y  c o m b in e d  w ith  p o o r a b ility  o f  d ispe rsa l [H a n sk i 1998]. The 

la tte r has been w id e ly  id e n tifie d  as a key p rocess in b o th  p o p u la tio n  re gu la ­

t io n  and sp a tia l d is tr ib u t io n  in p lan ts  and in ve rteb ra tes  [e.g. M a lm q v is t 

2 0 0 0 ; T h om a s  2 0 0 0 ; Johnson et al. 2001; Verheyen &  H e rm y  2001; H edenas 

e t al. 2003]. Yet, o th e r s tud ies  have fa iled  to  d e m o n s tra te  c lea r-cu t re la tio n ­

sh ips  be tw een d ispe rsa l and d is tr ib u t io n  [e.g. A nd e rsso n  et al. 2 0 0 0 ; 

M a lm q v is t 2 0 0 0 ; C larke e t al. 2001; R und le  et al. 2 0 02 ] o r have revealed 

c o u n te r in tu it iv e  pa tte rn s  [e.g. G u itié rre z  &  M e nénd ez  1997]. H a b ita t fra g ­

m e n ta tio n  m ay bo th  p ro m o te  and reduce m o b ility , d e p e n d in g  on th e  degree 

o f  resource  o r h a b ita t sp e c ia lisa tio n  [W iens 2001]. Th us , eco lo g ica lly  re la ted 

species o ccu p y in g  th e  sam e e n v iro n m e n t m ay d iffe r m a rked ly  in th e ir  

responses to  landscape  change and fra g m e n ta tio n , d e p e n d in g  on h o w  d is ­

persa l and n iche  b read th  are expressed in th e ir  respective  p o p u la tio n s , p o s ­

s ib ly  as a re su lt o f  local a d a p ta tio n . M o reove r, levels o f  h a b ita t sp e c ia lisa tio n  

and o f  d ispe rsa l a b ility  have been p re v io u s ly  sho w n to  be in te rre la te d  in s p i­

ders fro m  fra g m e n te d  grey du ne  h a b ita ts  [B onte  et al. 2003c].

E f f e c t s  o f  a e r i a l  d i s p e r s a l , h a b i t a t  s p e c i a l i s a t i o n , a n d  l a n d s c a p e  s t r u c t u r e  o n  s p i d e r  d i s t r i b u t i o n  a c r o s s  f r a g m e n t ­
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D esp ite  th e  above, fe w  s tu d ie s  have a tte m p te d  to  in te g ra te  species-leve l 

and landscape -leve l va ria b les  to  exp la in  p a tte rn s  o f  species d is tr ib u t io n  

[T h o m p s o n  et a l. 1999] o r  pa tch  o ccu pancy  [Lens et al. 2 0 0 2 ]. W e app ly  

such  ap p ro a ch  to  s tu d y  th e  d is tr ib u t io n  o f  s p id e r [Araneae] species across a 

n e tw o rk  o f  grey d u n e  pa tches a lo n g  th e  B elg ian coast. D ue to  increased 

u rb a n is a tio n  fo r  to u r is t  fa c ilit ie s , th e  to ta l area o f  du n e  h a b ita t in B e lg ium  

has decreased fro m  6 0 0 0  ha to  less th a n  38 0 0  ha s ince  th e  b e g in n in g  o f  

th e  2 0 ^  cen tury, and becam e in c re a s in g ly  fra g m e n te d  [V erm eersch  1986].

In a d d it io n , loca l fa rm e rs  s ta rte d  to  a b ando n  th e ir  a g ro p a s to ra l a c tiv itie s  

a fte r th e  S econd W o rld  War, re s u lt in g  in a s teady increase o f  Sea B u ck th o rn - 

sh ru b s  H ippophae rham noides. T h is , in  c o m b in a tio n  w ith  a crash o f  th e  ra b ­

b it p o p u la tio n  O rycto lagus cun icu lus  due  to  v ira l d iseases m yxo m a to s is  and 

V H S , lead to  a fu r th e r  re d u c tio n  and fra g m e n ta tio n  o f  grey d u n e  ve g e ta tio n  

[P ro vo o s t et a l. 2 0 0 2 ]. A n e a rlie r survey o f  s p id e r species in re m a in in g  grey 

d u n e  fra g m e n ts  revealed a p o s it iv e  re la tio n s h ip  be tw een p resence o f  typ ica l 

grey d u n e  species and pa tch  size [B on te  et al. 20 02a ]. Such a re la tio n s h ip  

m ay b o th  re flec t p o o r c o lo n iz a tio n  ab ility , h igh  s e n s it iv ity  to  e n v iro n m e n ta l 

s tress , o r  in te ra c tive  e ffec ts  be tw een the se  [and o th e r] va ria b les . In th is  

p a pe r w e te s t th e  hyp o th e s is  th a t cha ra c te ris tic s  a t land scape  level [pa tch  

s ize and is o la tio n ] and p o p u la tio n  level [d isp e rsa l a b ility  and  n iche  b read th ] 

in te ra c t w hen  a ffe c tin g  d is tr ib u t io n  pa tte rn s  o f  sp ide rs  in  a he te ro gen eous  

and severe ly  fra g m e n te d  coasta l du n e  landscape .

M ateria l and methods

* Study area and species

F ie ld w o rk  w as co n d u c te d  in th e  F le m ish  coasta l d u nes , loca ted  be tw een th e  

c ities  o f  N ie u w p o o rt-L o m b a rd s ijd e  and De Panne [B e lg iu m , 5 i°o 8 ’ - 5 i°0 5 ’ N, 

2°45’ - 2°32’ E] and c o n s is t in g  o f  149 d isc re te  g rey d u n e  pa tches. M ean 

pa tch  size is 1.41 ha and ranges fro m  0 .0 7  -2 2 .5 4  ha. Patch s ize  and pa tch  

co n n e c tiv ity , as ca lcu la ted  fo r  b a llo o n in g  d isp e rsa l [see fu r th e r ], are s ig n if i­

ca n tly  re la ted  [B on te  et al. 2 0 03d ], in d ic a tin g  th a t s m a lle r pa tches are g e ne r­

a lly  m o re  s tro n g ly  iso la te d .
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A ll s tu d ie d  species [Table l ]  are c o m m o n  in th e  F lem ish  coasta l dunes , bu t 

spe c ia lised  species m ay be rare at re g iona l [M a e lfa it et al. 1998] o r  g lob a l 

level [H ä n g g i e t al. 1995]. They re p rese n t m o re  th a n  85%  o f  th e  to ta l n u m ­

b e r o f  in d iv id u a ls  ca u g h t w ith  p itfa ll tra p s  [Table 1] and w ere  th e  o n ly  c o l­

lected  in s u ff ic ie n tly  n u m b e rs  to  p e rfo rm  tes ts  on th e ir  ae ria l d ispe rsa l 

p ro p e n s ity  [see be low ]. S p iders  fro m  grey dunes are ge ne ra lly  sm a ll-s ize d  

and m o s t ac tive  d u r in g  a u tu m n  and s p r in g  [B on te  &  M e rten s  2003]. 

S te n o to p ic  m ic ro sh e e t w e b sp id e rs  [L in yp h iid a e ] are cha rac te rised  by one 

g e n e ra tio n  in one yea r and have sem i-sess ile  life  h a b its , w h ile  la rg e r species 

o f  c ra b sp id e rs  [T h o m is id a e ] and w o lfs p id e rs  [Lycosidae] have one  ge ne ra ­

t io n  yearly  o r  b i-yearly  [B on te  &  M a e lfa it 1998; B on te  &  M a e lfa it, u n p u b . 

da ta ]. M o s t species live  on th e  surface , o r  have a b u ry in g  life  s ty le  [Arctosa 

and Alopecosa spec ies ]. V o u ch e r sp e c im e n s  are d e p o s ite d  at th e  Royal 

B e lg ian In s t itu te  o f  N a tu ra l Sciences in B russe ls; n o m e n c la tu re  fo llo w s  

P la tn ick  [20 02 ].

Patch occupation and landscape characteristics

Presence-absence da ta  o f  29 s p id e r  species w ere  de rived  fro m  p itfa ll 

re co rds  in 19 grey du n e  pa tches. Each fra g m e n t w as sa m p le d  d u r in g  one 

yea r be tw een 1995 and 2 0 0 2  w ith  five  p itfa ll tra p s  [the  tra p s  c o n s is t o f  

un covere d  g lass ja m  ja rs  w ith  a d ia m e te r o f  9.5 cm , fil le d  w ith  a 10%  fo rm a ­

lin e  so a p -s o lu tio n ]. The tra p s  w ere  e m p tie d  fo r tn ig h tly . A ll species in c lu d e d  

in th e  analys is  are eas ily  ca p tu re d  w ith  p itfa ll tra p s  because o f  th e ir  h igh  

degree o f  m o b ility  and th e  s h o rt ve g e ta tio n  s tru c tu re  [B on te  et a l., in press]. 

P itfa ll da ta  th e re fo re  re lia b ly  re flec t species o ccu rren ce .

Patches w ere  d ig it is e d  fro m  aeria l o r th o p h o to g ra p h s  w ith  a G e o g ra p h ic  

In fo rm a tio n  System  [A rc v ie w 3 . i]  and d is c r im in a tio n  o f  ve g e ta tio n  types was 

based on v e g e ta tio n -s p e c ific  red [RED] and ne a r-in fra re d  [N IR ] re flec tance  

va lues [P ro vo o s t et al. 2 0 0 2 ]. Patch c o n n e c tiv ity  [S] w as e s tim a te d  as S¡ =  

X j_ t i e x p [-a d jj]N j. [H a n sk i 1999b] w ith  ? =  c o n s ta n t d e s c rib in g  th e  s tre n g th  

o f  th e  inverse  re la tio n s h ip  be tw een n u m b e rs  o f  m ig ra n ts  fro m  pa tch  j and 

d is ta n ce  be tw een pa tches, d =  th e  g e o g ra p h ic  d is ta n ce  be tw een pa tch  i and 

j, and N =  p o p u la tio n  s ize  a t pa tch  j. N w as set as one fo r  all pa tches, so S¡
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re flec ts  th e  o p tim a l pa tch  co n n e c tiv ity , irre sp e c tive ly  o f  th e  pa tch  o ccu pancy  

s ta tu s . Based on lite ra tu re  da ta  [T hom a s 1996] w e ass igned  a= 4  fo r  d is p e r­

sal by b a llo o n in g  [see be low ] in d e p e n d e n tly  o f  th e  s u r ro u n d in g  m a tr ix  type . 

V alues o f  pa tch  s ize and pa tch  c o n n e c tiv ity  w ere  In - tra n s fo rm e d  to  

ap p ro a ch  n o rm a lity . For th is  s tudy, w e se lected  grey d u n e  pa tches in w h ich  

p a tch  size and c o n n e c tiv ity  w ere  n o t s ig n if ic a n tly  [^ 3 = 0 .2 8 9 ; NS] re la ted .

Habitat specialisation

S pec ies -spec ific  levels o f  h a b ita t s p e c ia lisa tio n  w ere  e s tim a te d  fro m  th e  

level o f  m a x im a l in d ic a to r  va lue  [IndV a l] in a d ic h o to m o u s  and h ie ra rch ica l 

c lu s te r in g  o f  p itfa ll da ta  fro m  d iffe re n t coasta l d u n e  h a b ita ts  [de ta ils  in 

B on te  et al. 2 0 02a ; B on te  et al. 2003d ] as an a p p roa ch  o f  e u ry to p ic ity  

[D u frê n e  &  Legendre 1997]. T h is  ap p roa ch  d e te rm in e s  in d ic a to r  species at 

d iffe re n t h ie ra rch ica l o r  n o n -h ie ra rch ica l levels o f  c lu s te r in g  by c o m b in in g  

re la tive  species a b unda nce  w ith  its re la tive  fre q u e n cy  o f  occu rren ce  in th e  

va r io u s  g ro u p s  o f  s ite  w ith in  each level o f  c lu s te rin g . Species w ith  m a x im a l 

IndVal a t th e  last level [level 6] o ccu r o n ly  in very sp e c if ic  h a b ita ts  [grey 

du ne ], w h ile  th o se  w ith  a m a x im a l IndVal at in te rm e d ia te  d iv is io n  levels are 

b o u n d  to  m o re  th a n  one  type  o f  typ ica l coasta l d u n e  h a b ita t. D is p e rs in g  

in d iv id u a ls  a cc id e n ta lly  tra p p e d  in a p a r t ic u la r  h a b ita t o n ly  m a rg in a lly  in f lu ­

ence th e  IndVal c a lcu la tio n  due  to  th e  sp e c if ic  a lg o r ith m  used [D u frê n e  &  

Legendre 1997]. A d d it io n a lly , because o n ly  da ta  fro m  th re e  pa tches, in c lu d ­

ed in th is  study, w ere  used fo r  th is  IndVal c a lc u la tio n , c irc u la r a rg u m e n ta ­

t io n  w as avo ided .

Aerial dispersal

P o ten tia l lo n g -d is ta n ce  d ispe rsa l in Araneae  species m a in ly  occu rs  v ia  pas­

sive tra n s p o r t in a ir  cu rre n ts , so-ca lled  b a llo o n in g  d ispe rsa l [W eym an 1993], 

w h ile  sh o rt-d is ta n c e  d isp e rsa l is a lso  p o ss ib le  by c u rso ria l d isp e rsa l, espe­

c ia lly  in  w o l f  sp id e rs  Lycosidae [S am u et al. 2003 ]. B a llo o n in g  d ispe rsa l is 

in it ia te d  by t ip to e  be hav iou r, i.e. s tre tc h in g  o f  th e  legs and ra is in g  o f  th e  

a b d o m e n  p r io r  to  s ilk  th re a d  p ro d u c t io n  fro m  th e  s p in n e re ts  [D u ffe y  1998]. 

E a rlie r s tu d ie s  c o n firm e d  th a t th e  fre q u e n cy  o f  t ip to e  b e h a v io u r u n d e r la b o ­
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ra to ry  c o n d it io n s  co u ld  be used as a re lia b le  e s t im a to r  o f  b a llo o n in g  

p ro p e n s ity  in th e  fie ld  [R ich te r 1970, W eym an 1993, B on te  e t al. 2 0 0 3b ,d [. To 

s tu d y  t ip to e  behav iou r, sp id e rs  w ere  e ith e r co llec te d  in th e  fie ld  [fa m ilie s  

A ran e idae , D ic tyn ida e , L in yp h iid a e , G n a p h o s id a e  and Te trag na tid ae ] o r 

reared fro m  co co o n s  co llec te d  in th e  fie ld  [fa m ilie s  Lycosidae and 

T h o m is id a e ; p ro to c o l as de sc ribed  in B on te  et al. 20 03d ]. O n ly  a d u lt 

L in yp h iid a e  and s m a ll ju v e n ile  sp id e rs  fro m  th e  o th e r genera  w ere  used fo r  

th e  e xp e rim e n t, s ince  the se  have idea l m asses fo r  ae ria l d ispe rsa l [< lm g : 

G re e n s to n e  et al. 1987]. T ip to e  b e h a v io u r w as s tu d ie d  fo llo w in g  Legel &  Van 

W in g e rd e n  [1980] and B on te  et al. [2003d ]. S p iders  w e re  p laced on a p la s tic  

fra m e , in d iv id u a lly  o r  in  g ro u p s  o f  tw o  to  five  in d iv id u a ls  [in  case o f  Pardosa 

ju ve n ile s  reared in th e  lab] as to  reduce th e  level o f  in tra s p e c if ic  in te ra c tio n . 

The fra m e  w as p laced in a w in d tu n n e l w ith  an u p w a rd  c u r re n t o f  1-1.2 m /s  

a t a te m p e ra tu re  o f  30 ±2°C  and an aeria l h u m id ity  o f  4 0 -5 0 % . To p reven t 

sp id e rs  fro m  e sca p ing  by w a lk in g , th e  fra m e  w as p laced in w ater. 

O b se rva tio n s  w ere  co n d u c te d  d u r in g  20  m in u te s . O b s e rva tio n s  o f  t ip to e  

b e h a v io u r o f  th re e  seconds  o r  m o re  w e re  co n s id e re d  va lid  [B on te  et al. 

20 03b ]. S ince n u tr it io n a l c o n d it io n s  in flu e n ce  b a llo o n in g  [B on te  et al. 

20 03b ], sp ide rs  w e re  fed w ith  Iso tom a virid is  [C o lle m b o la ] ad lib id u m  be fore  

s ta rv in g  th e m  fo r  one w eek p r io r  to  th e  e xp e rim e n t.

Statistical analysis

D ata on th e  occu p a n cy  o f  each species w ith in  each pa tch  [b in o m ia l 

response ; o  o r  1] w ere  analysed w ith  a m ixed lo g is tic  re g ress io n  m o d e l w ith  

lo g it lin k  [g lim m ix  p ro ce d u re  in SAS 8.1]. V ariab les ‘t ip to e  fre q u e n cy ’ , ‘h a b i­

ta t  s p e c ia lis a tio n ’ , ‘ pa tch  area ’ , ‘pa tch  c o n n e c tiv ity ’ and all re le van t tw o -w a y  

in te ra c tio n s  w ere  m o d e lle d  as c o n tin u o u s  fa c to rs , w ith  th e  degrees o f  fre e ­

d o m  be in g  a p p ro x im a te d  u s in g  S a tte rth w a ite ’s p rocedu re . V ariab le  ‘sp e c ie s ’ 

and  th e  tw o -w a y  in te ra c tio n s  w ith  va riab les  ‘ pa tch  area ’ and  ‘ pa tch  c o n n e c ­

t iv i ty ’ w ere  in c lu d e d  as ra n d o m  fa c to rs  and te s te d  ag a in s t th e  c? d is tr ib u ­

t io n  [D F = i] o f  th e  L o g -L ike lih o o d -d iffe re n ce  be tw een th e  m o d e ls  w ith  and 

w ith o u t  va ria b le  o f  in te re s t. N o n -s ig n if ic a n t va ria b les  w ere  e lim in a te d  by a 

ba ckw a rd -s tepw ise  p rocedu re .
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Table III.3-1 - Degree o f habitat specialisation [data from Bonte et al. 2002a], frequency o f tiptoe behaviour [data 

from Bonte et al. 2003d], the number o f tested individuals n [with notes on the number o f mothers in case o f labo­

ratory rearing], relative abundance within pitfall traps [total abundance = 8887 individuals] and percentage patches 

occupied by 29 Araneae species from coastal grey dunes [on 19 grey dune patches].

Species and fam ily H ab ita t

specialisation

tip toe  

freq. [% ]

n Relative abundance  

[96]

Patch occupation  

[96]

Alopecosa barbipes  

[S undeva ll, 1833] [Lycosidae] 3 8.95 67 [6] 1.66 84.10

Alopecosa fa b r ii is  [C lerck, 1757] 

[Lycosidae] 6 0 .0 0 21 0.34 31-57
Alopecosa pu lve ru le n ta  [C lerck, 

1757] [Lycosidae] 2 16.36 55 [4] 1.67 1 0 0 .0 0

Arctosa pe rita  [L a tre ille , 1799] 

[Lycosidae] 2 2 0 .9 0 n o  [7] 0 .72 78 .94

A rgenna subnigra  [O .-P. 

C am b ridg e , 1861] [D ic tyn id a e ] 1 4 0 .0 0 35 1.41 78 .94

C entrom erita  concinna  [T hore ll, 

1875] [L in yph iida e ] 2 56.36 55 8.19 94-73
Erigone a tra  B lackw a ll, 1833 

[L in yph iida e ] 1 9 6 .0 0 30 0 13.42 1 0 0 .0 0

Erigone dentipa lps  [W ider, 1834] 

[L in yph iida e ] 2 73.21 56 4 .9 6 1 0 0 .0 0

Hypsosinga a lb o v itta ta  

[W es tr in g , 1851] [A rane idae ] 3 33-33 15 0.45 47.36

M eione ta  rurestris [C.L. Koch, 

1836] [L in yp h iid a e ] 2 77-5° 4 0 0 .88 1 0 0 .0 0

O zyp tiia  s im p lex  [O .P.- 

C am b ridg e , 1862] [T h o m is id a e ] 2 32.35 34 0 .4 9 78 .94

Pachygnatha degeeri S undeva ll, 

1830 [T e tragna th idae ] 2 35-59 59 2.89 89.47

Parapelecopsis nem ora lis  [O .P .- 

C am b ridg e , 1884] [L in yph iida e ] 2 10.56 123 O.92 68 .42

Pardosa m o n tico la  [C lerck, 1757] 

[Lycosidae] 4 8.08 569 [22] 18.59 68 .42

Pardosa nigriceps [T ho re ll, 

1856] [Lycosidae] 1 42 .26 97 [6] 1.97 1 0 0 .0 0

Pardosa p u lla ta  [C lerck, 1757] 

[Lycosidae] 2 15-73 89 [7] 0 .34 68 .42

Pelecopsis p a ra lle lla  [W ider, 

1834] [L in yph iida e ] 5 20.58 34 4.01 63.15
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Species and fam ily H ab ita t

specialisation

tip toe  

freq. [%]

n Relative abundance  

[96]

Patch occupation  

[96]

S ty loc te to r rom anus  [O .P. 

C a m b rid g e , 1872] [L in yph iida e ] 6 12.68 134 O.38 78 .94

Tenuiphantes tenu is  [B lackw a ll, 

1852] [L in yp h iid a e ] 1 85.29 34 I.4O 1 0 0 .0 0

Thyphochrestus d ig ita tus  [O .P .- 

C a m b rid g e , 1872] [L in yph iida e ] 5 10.95 210 6.43 73.68

Tiso vagans [B lackw a ll, 1834] 

[L in yp h iid a e ] 3 4 6 .87 32 0 .6 0 78 .94

Trichopterna c ito  [O .P.- 

C a m b rid g e , 1872] [L in yph iida e ] 3 22.98 87 3.42 73.68

W alckenaeria monoceros  [W ider, 

1834] [L in yp h iid a e ] 2 45-83 48 0 .6 0 73.68

W alckenaeria sty lifrons  [O .P.- 

C a m b rid g e , 1875] [L in yph iida e ] 6 4-34 23 0.51 57-89
W alckenanaeria an tica  [W ider, 

1834] [L in yp h iid a e ] 1 88.23 34 0.19 94-73
Xysticus koch i Thore ll 1872 

[T h o m is id a e ] 3 32.3O 6 5 Í31 4.31 94-73
Xysticus n in n ii [T h o re ll, 1872] 

[T h o m is id a e ] 5 0 .0 0 21 [1] 0.19 15.78

Xysticus sabulosus [H a h n , 1832] 

[T h o m is id a e ] 4 13.63 110 [6] 0 .9 7 57-89
Zelotes electus [C.L. Koch, 1839] 

[G n apho s idae ] 2 3 6 .0 0 25 3.52 1 0 0 .0 0
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Results
D ata on pa tch  occupancy, b a llo o n in g  fre q u e n cy  and degree o f  h a b ita t sp e ­

c ia lis a tio n  are s u m m a riz e d  in Table I I I .3-1.

The p ro b a b ility  o f  p a tch  occu p a n cy  w as p o s it iv e ly  re la ted  to  th e  fre que ncy  

o f  t ip to e  behav iou r. The re g ress io n  s lope  w as e s tim a te d  to  2 .868 ±  2.598, 

b a ck -tra n s fo rm e d  e q u a llin g  0 .935 [range 0.515-0.995] [Table 2; Fig. 1]. The 

e ffec t o f  pa tch  c o n n e c tiv ity  depend ed  on pa tch  area, as sho w n  by a s ig n if i­

can t a re a *c o n n e c tiv ity  in te ra c tio n  [Table 2]. W hen  b o th  area and c o n n e c tiv i­

ty  increased , fra g m e n ts  w ere  m o re  like ly  to  be o ccu p ie d . H ow ever, co n n e c ­

t iv ity  d id  n o t a ffec t pa tch  o ccu pancy  w hen  pa tches w e re  sm a ll [F ig. 2]. Patch 

o ccu p a n cy  va ried  s ig n if ic a n tly  be tw een species [a 2= o .4 o 8 ], w ith  th e  e ffec t 

o f  species d e p e n d in g  on th e  degree o f  c o n n e c tiv ity  [s p e c ie s *co n n e c tiv ity : 

a 2= o .o i3 ]  [Table 2]. The re s id ua l va ria nce  eq ua lled  0 .7 6 4 . The go od n e ss -o f- 

f i t  o f  th e  m o d e ls  w as s ig n if ic a n t [o 2^27=359-11> p < o .o o o i] .

Table 111.3-2 - Logistic regression model analysing the effects o f tiptoe frequency [TTfreq], degree o f habitat speciali­

sation [IndVal], patch area [Area] and patch connectivity [S] on patch occupancy by 29 Araneae species from coastal 

grey dunes.

Variable num. d.f. den. d.f. F p

TTfreq 1 40.9 24.56 <0.001

IndVal 1 302 O.3O 0.584

Area 1 519 1*31 0.254

S 1 517 0° On as 0.004

TTfreq x IndVal 1 20.1 0.06 0.815

Area x S 1 519 6.20 0.013

Area x TTfreq 1 501. 18 0.282

Area x IndVal 1 43 0.25 0.624

S x IndVal 1 241 0.62 0.432

S x TTfreq 1 410 0.73 0.392

Variable o 2 X2i p

Species 0.408 98.2 <0.0001

Species x S 0.013 10.7 0.0005

Species x Area <0.001 0.114 0-735
Species x Area x S <0.001 0.008 0.928
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Fig. 111.3-1: Relationship between frequency of tiptoe behaviour and the number o f occupied patches by 29 spi­

der species o f fragmented grey dunes.
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Fig. 111.3-2: Number o f species per patch for 29 spider species in relation to landscape levels o f patch connec­

tivity and patch size. Sizes o f the dots reflect the proportion o f present species on the total number o f studied 

species.
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Discussion
The d is tr ib u t io n  o f  s p id e r species depends on th e ir  aeria l d ispe rsa l p o te n tia l, 

and th e  in te ra c tio n  be tw een pa tch  c o n n e c tiv ity  and area. N iche  b read th , 

m easured  as th e  degree o f  h a b ita t d id  n o t c o n tr ib u te  to  th e  observed d is t r i­

b u tio n  p a tte rn s . R esidual v a r ia tio n  was exp la ined by spec ies -spec ific  

responses to  th e  degree o f  pa tch  co n n e c tiv ity  fo r  b a llo o n in g  d ispe rsa l.

B a llo o n in g  is p re su m e d  to  be an e ff ic ie n t m e ch a n ism  fo r  d is ta n t d ispe rsa l 

and hence fo r  c o lo n is a tio n  o f  su ita b le  b u t u n o ccu p ie d  h a b ita ts  [Toft 1995; 

D u ffe y  1998]. In severe ly  fra g m e n te d  landscapes, su ita b le  h a b ita ts  are 

p a tch ily  d is tr ib u te d  w ith in  an u n s u ita b le  m a trix . E specia lly  fo r  species w ith  

s tr ic t  and spe c ia lised  h a b ita t re q u ire m e n ts , aeria l d isp e rsa l m ay invo lve  a 

h igh  r is k  in re ach ing  p o te n tia lly  su ita b le  h a b ita ts . T h is  w as c o n firm e d  in an 

e a rlie r s tu d y  on d ispe rsa l by sp id e rs  in grey du nes  w he re  se le c tio n  ag a in s t 

b a llo o n in g  d ispe rsa l in sp e c ia lis t species w as be lieved to  re su lt fro m  loca l 

a d a p ta tio n  [B on te  e t al. 2003c]. E ffective  w in d  d isp e rsa l has been s tro n g ly  

lin ked  to  c o lo n is a tio n  a b ility  in  a n u m b e r o f  p la n t species [e.g. D w zo n ko  &  

L o s te r 1992; N aka sh izu ka  et al. 1993; S tö ck lin  &  B ä u m le r 1996], w h ile  ba l­

lo o n in g  in sp id e rs  has a lso  been sho w n  to  be e ffec tive  in th e  c o lo n is a tio n  

o f  re cen tly  cleared land  [M e ije r  1977, W eym an &  Jepson 1994]. A  recent 

s tu d y  o f  a sp a tia lly -s tru c tu re d  p o p u la tio n  o f  w o l f  sp id e rs  [B on te  e t al.

2003c], how ever, fa iled  to  c o n firm  th e  im p o rta n c e  o f  b a llo o n in g  in s h o r t­

te rm  c o lo n is a tio n , a lth o u g h  it w as th e  best p re d ic to r  fo r  p a tte rn s  o f  pa tch  

occu p a n cy  re s u lt in g  fro m  lo n g -te rm  c o lo n is a tio n  and e x tin c tio n  dyn am ics . 

R esults fro m  th is  s tu d y  ge nera lise  th is  c o n c lu s io n  th a t lo n g -te rm  pa tch 

occu p a n cy  p a tte rn s  are re la ted  to  b a llo o n in g  d isp e rsa l fo r  th e  e n tire  s p id e r 

assem b lages o f  grey dunes.

T h is  study, however, does n o t s h o w  a re la tio n s h ip  be tw een level o f  h a b ita t 

s p e c ia lisa tio n  and species d is tr ib u t io n , w h ic h  w o u ld  be expected i f  sp e c ia l­

is t sp id e rs  w ere  m o re  se n s it ive  to  changes in h a b ita t qua lity . It does n e ith e r 

exp la in  p a tte rn s  in species d is tr ib u t io n  in in te ra c tio n  w ith  co n n e c tiv ity , 

w h ic h  w o u ld  in d ic a te  d iffe re n t s e n s it iv it ie s  to  pa tch  iso la tio n  fo r  sp e c ia lis t 

and ge n e ra lis t species. Such a re la tio n s h ip  w o u ld  be expected i f  ge n e ra lis t 

species su rv ive d  b e tte r in o th e r h a b ita t types in th e  sh ru b  m a trix . W h e n  a
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d iffe re n t index o f  n iche  b read th  w as used [nega tive  lo g a r ith m  o f  th e  n u m b e r 

o f  su ita b le  h a b ita ts  o f  th e  species in C en tra l-E u rope ; d e ta ils  in B on te  et al. 

2003c], c o m p a ra b le  re su lts  w ere  o b ta in e d  [da ta  n o t sh o w n ], c o n firm in g  th e  

v a lid ity  o f  o u r  c o n c lu s io n s . Because n iche  b read th  and b a llo o n in g  p ro p e n s i­

ty  are p o s it iv e ly  re la ted  [B on te  e t al. 2003c ], low  occu rren ce  o f  spec ia lised  

species in sm a ll and iso la te d  grey d u n e  fra g m e n ts  [B on te  e t a l. 2002a ] 

seem s la rge ly  due  to  th e ir  lo w  b a llo o n in g  ab ility . As a re su lt, spec ia lised  

[hence in tr in s ic a lly  rare] species can be p re d ic te d  to  be com e  ra re r i f  f ra g ­

m e n ta tio n  increases and c o n n e c tiv ity  decreases.

S ince w e used th e  degree o f  h a b ita t s p e c ia lisa tio n  in coasta l dunes as a 

m easu re  o f  n iche  b read th , e ffec ts  o f  rea lised n iches ra th e r th a n  o f  

H u tc h in s o n ’ s fu n d a m e n ta l n iches w ere  ana lysed. As p o in te d  o u t by P u lliam  

[2 0 0 0 ], species can su rv ive  o u ts id e  th e ir  fu n d a m e n ta l n iche , a lth o u g h  local 

m o rta lity  m ay exceed re c ru itm e n t in  case o f  a so u rce -s in k  p o p u la tio n  s tru c ­

tu re . W e reco rded  th e  p resence o f  species fo r  w h ic h  th e  p re su m e d  o p tim a l 

h a b ita t is p ro d u c tiv e  [o ften  arab le ] g rass land s  [Erigone atra , E. dentipalp is, 

M eione ta  rurestris, Tenuiphantes tenu is ; H ä n g g i et al. 1995]. Because prey 

a b unda nce  te n d s  to  decrease d u r in g  s u m m e r [B on te  &  M e rte n s  2003], 

s u m m e r m o r ta lity  can be expected to  be very h igh  fo r  the se  g rass land  

species. T h e ir  p resence in g rey du nes  w as th e re fo re  p ro b a b ly  m e d ia te d  

th ro u g h  c o n tin u o u s  aeria l c o lo n is a tio n  fro m  n e ig h b o u rin g  sou rce  h a b ita t 

[i.e. du n e  slacks, w e t m e adow s]. In c o n tra s t, sp e c ia lis t species fo r  w h ic h  th e  

fu n d a m e n ta l n iche  co n s is ts  o f  grey du nes  [Alopecosa fa b rilis , S ty loc te to r 

rom anus, W alckenaeria stylifrons] can be expected to  be absen t due  to  l im ite d  

d ispe rsa l ab ility . R esults fro m  o u r  s tu d y  th e re fo re  sug ges t th a t d ispe rsa l 

a b ility  la rge ly  a ffec ts  o u r  p e rce p tio n  o f  a species ‘fu n d a m e n ta l n ic h e ’

[P u llia m  2 0 0 0 ], and th a t so u rce -s in k  and m e ta p o p u la t io n  d yn a m ics  m ay 

have a m a jo r im p a c t on th e  d is tr ib u t io n  o f  species. I f  e ffec ts  o f  fu n d a m e n ­

ta l n iche  b read th  [e.g. th ro u g h  s tu d y  o f  de s icca tio n  re s is tance  a n d /o r  te m ­

p e ra tu re  o p tim a ; A lm q u is t  1970; A lm q u is t  1971] ra th e r th a n  rea lised n iche  

b read th  co u ld  be ana lysed, m o d e l o u tc o m e s  m ig h t d if fe r  in  th e  d ire c tio n  

expected . Yet, in  a s tu d y  on re g iona l and n a tio n a l d is tr ib u t io n  p a tte rn s  o f  

he rb  species [T h o m p s o n  et al. 1999] th e  degree o f  h a b ita t sp e c ia lisa tio n  

[rea lized  n iche ] ra th e r th a n  g e rm in a tio n  te m p e ra tu re  [fu n d a m e n ta l n iche ]
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exp la ined  th e  la rg es t v a r ia tio n  species range.

A p a rt fro m  sp e c ie s -sp e c ific  tra its , land scape  cha ra c te ris tic s  s ig n if ic a n tly  

exp la ined  v a r ia tio n  in pa tch  occupancy. R egression co e ffic ie n ts  d e sc rib in g  

th e  re la tio n s h ip  be tw een pa tch  occu p a n cy  and pa tch  co n n e c tiv ity , varied  

be tw een -2 .1 2  and 2.13 [29 species te s te d ; a fte r B o n fe rro n i co rre c tio n  none 

o f  th e  re g ress io ns  w ere  s ig n if ic a n t]. Such v a r ia tio n  w as like ly  due  to  th e  

p resence o f  o th e r  d ispe rsa l m o des , i.e. c u rso ria l d isp e rsa l, w h ic h  m ay be 

m o re  e ff ic ie n t in la rg e r species as d e m o n s tra te d  by B on te  e t al. [2003c] fo r  

th e  w o l f  s p id e r Pardosa m o n tico la . Besides, in d iv id u a l-  and p o p u la tio n -le ve l 

fa c to rs  such  as longev ity , p o p u la tio n  s ize, p o p u la tio n  density , and s e n s it iv i­

ty  to  lo w  d e n s itie s  [A llee e ffec t; S tephens &  S u th e rla n d  1999] m ay a ffec t 

e x tin c tio n  p ro b a b ility  and hence d is tr ib u t io n  p a tte rn s .

In co n c lu s io n , w e have g iven ev idence th a t aeria l, pass ive d ispe rsa l shapes 

species d is tr ib u t io n . The in c lu s io n  o f  da ta  on n iche  b read th , a lth o u g h  here 

no t c o n tr ib u t in g  to  th e  ove ra ll m o d e l, m ay e luc id a te  species d is tr ib u t io n s , 

a p p a re n tly  n o t in flue nced  by d ispe rsa l ch a ra c te ris tics  [A nde rsson  et al.

2 0 0 0 ; M a lm q v is t 2 0 0 0 ; C larcke et al. 2001]. From  a c o n s e rv a tio n is t p o in t-o f- 

view, o u r re su lts  sh o w  th a t fra g m e n ta tio n  w ill acce le rate  th e  e x tin c tio n  o f  

spec ia lised  species i f  fra g m e n ta tio n  rates o f  th e ir  h a b ita t keep on inc re as ing .
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Abstract
B a lloon ing  is a w idespread behav iou ra l t ra it  in  invertebrates, w h ich  enhances 

passive ae ria l dispersal. We investigated the  influence o f  com m on  lineage ¡fa m ily  

effect] and  p o s tn a ta l en v iro n m e n ta l conditions on la tency to  in it ia te  p reba llo on ­

ing  tip to e  behav iou r [ba llo o n in g  latency] in  the  dw arfsp ide r E rigone atra 

[B lackw a ll, 1841]. Spiders were in d iv id ua lly  tested in  a specia lly designed test 

cha m ber f o r  the  latency to  pe rfo rm  b a llo on ing  in it ia t in g  tip to e  behaviour. In  a 

2-week experim ent, in  w hich the  spiders were fe d  on ly  d u rin g  the  f i r s t  day o f  

each week, b a llo on ing  latency had low  repea tab ility  a t week intervals.

B a lloon ing  la tency declined w ith  incre as ing food  depriva tion  d u rin g  the  f i r s t  

week b u t n o t d u rin g  the  second and  the  th ird  weeks. A t in te rvals o f  less th a n  1 h 

however, ba llo on ing  la tency showed h igh repeatability . We also investigated  

w he the r m a te rn a l and  p o s tn a ta l en v iro n m e n ta l cond itions [i.e. d u rin g  ju ve n ile  

deve lopm ent] in fluence ph enotyp ic  va ria tion  in  b a llo on ing  latency. We reared 

offspring o f  several fa m ilie s  un de r tw o  fe e d in g  and tw o  tem pera tu re  conditions. 

E nv iron m en ta l cond itions expla ined m ore  va ria tion  in b a llo on ing  latency th a n  

fa m ily . B a lloon ing  la tency was low er in  spiders reared a t 20°C  th a n  in  those 

reared a t i f C .  In  ad d ition , spiderlings fe d  fo u r  prey pe r 3 days were fa s te r  bal- 

looners th a n  those fe d  on ly  fo u r  prey p e r week. A n  in te rac tion  between fa c to rs  

was present, in d ica tin g  the  existence o f  d iffe ren t reaction  norm s between the  tw o  

e n v iro n m e n ta l conditions. The expression o f  b a llo on ing  la tency behav iou r thus  

strongly  depends on cu rren t n u tr itio n , fe e d in g  h isto ry and  the  fe e d in g  and  te m ­

pera tu re  cond itions d u rin g  ju v e n ile  developm ent.

Keywords: A raneae, b a llo o n in g , d isp e rsa l, ju v e n ile  d e v e lo p m e n t, CxE in te ra c tio n
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In troduction
A eria l d ispe rsa l is c o m m o n  a m ong  te rre s tr ia l insects and sp ide rs . In th e  la t­

ter, th is  m o de  o f  d ispe rsa l is know n as b a llo o n in g . The sp id e r c lim b s  to  an 

elevated s ta r t in g  po in t, s tre tches its  legs and raises its ab dom e n [tip to e  

behav iou r]; it  the n  p roduces long  s ilk  th read s  and is fin a lly  carried  up by the  

a ir cu rre n t [Jones 1996a,b[. A eria l d ispe rsa l is e ffec tive  fo r  bo th  d is ta n t m ig ra ­

tio n  [p o ss ib ly  a ffec ting  gene flo w ] and fo r  local d ispe rsa l [T hom as 1996], 

especia lly  in ephem era l b u t h igh ly  p ro d u c tive  ha b ita ts  w here  rap id  m o ve m e n t 

un d e r u n favou rab le  c o n d it io n s  is im p o rta n t fo r  surv iva l [Legel &  Van 

W inge rden  1980; Van W in g e rd e n  1980; M o rse  1993; D uffey  1998]. T ip to e  

be hav iou r is typ ica l o f  aerial d ispe rsa l in sp ide rs  o f  th e  L inyp h iidae  and ju v e ­

n ile  Lycosidae and can be easily observed u n de r labo ra to ry  c o n d itio n s  

[W eym an 1993]. Erigone atra, one  o f  th e  co m m o n e s t sp ide rs  o f  open hab ita ts  

in th e  te m p e ra te  reg ions o f  th e  n o rth e rn  hem isphe re , has a s tro n g ly  deve l­

oped b a llo o n in g  behaviour. T h is  species is o ften  one o f  th e  f irs t p ioneers on 

regu la rly  d is tu rb e d , especia lly  a g ricu ltu ra l, land [D e Keer &  M a e lfa it 1988 a,b[.

B a llo o n in g  in sp id e rs  has m a in ly  been s tu d ie d  in fie ld  c o n d it io n s , espec ia lly  

w ith in  th e  fra m e w o rk  o f  t im in g  o f  d isp e rsa l [D ean &  S te rlin g  1985; 

G re e n s to n e  et a l. 1987; B la n d e n ie r &  Fürst 1998; B on te  et a l. 1998] and in 

re la tio n  to  sp id e r d e n s itie s  and a c tiv itie s  in th e  fie ld  [G reens tone  et al. 

1985b; W eym an et al. 1995]. La b o ra to ry  s tu d ie s  have la rge ly  focu sed  on th e  

re la tio n  be tw een a e ro n a u tic  b e h a v io u r and m e te o ro lo g ic a l c o n d it io n s  such 

as w in d  ve lo c ity  and te m p e ra tu re  [Van W in g e rd e n  &  V u g ts  1974; V ug ts  &  

Van W in g e rd e n  1976; G re e n s to n e  1990 ], and  on th e  im p o rta n c e  o f  c ro w d ­

in g  and fo o d  sh o rta g e  as a tr ig g e r  fo r  th is  b e h a v io u r [Legel &  Van 

W in g e rd e n  1980]. B a llo o n in g  is tr ig g e re d  by acu te  fo o d  sh o rta g e  [W eym an 

et al. 1994], lo w  w in d  ve lo c itie s  [<3 m /s ]  and  a h ig h  te m p e ra tu re  in ve rs ion  

d u r in g  th e  m o rn in g  [R ich te r 1970; Van W in g e rd e n  &  V ug ts  1974; V ug ts  &  

Van W in g e rd e n  1976; G re e n s to n e  1990; D u ffe y  1998], and  its  fre q u e n cy  d if ­

fe rs  be tw een species [R ich te r 1970; Van W in g e rd e n  1980; G re e n s to n e  1982; 

M il le r  1984]. D iffe rences  be tw een p o p u la tio n s , how ever, have n o t been 

u n a m b ig u o u s ly  d e m o n s tra te d  [R ich te r 1971].

L ittle  e xp e rim e n ta l w o rk  has been ca rried  o u t on fa c to rs  u n d e rly in g  th e  in it i-

E n v i r o n m e n t a l  a n d  g e n e t i c  b a c k g r o u n d  o f  t i p t o e - i n i t i a t i n g  b e h a v i o u r  i n  t h e  d w a r f s p i d e r  E r i g o n e  a t r a  /  1 2 5



a tio n  o f  b a llo o n in g  be hav iou r, o r  on ge n e tic  va ria nce  u n d e rly in g  p h e n o typ ic  

v a r ia tio n  [W eym an 1993]. Several s tu d ie s  have sho w n  th a t w in g  d im o rp h is m  

is u n d e r p o lyg e n ic  c o n tro l [Järvinen &  V epsä lä inen  1976; R o ff 1986; Kaita ia 

1988; D esen de r 1989a] and Li &  M a rg o lie s  [1993] fo u n d  a d d itiv e  ge n e tic  

v a r ia tio n  fo r  d isp e rsa l b e h a v io u r in th e  tw o -s p o tte d  s p id e r m ite , Tetranychus  

urticae. In th e  la tte r  s tudy, how ever, n o n a d d itiv e  ge n e tic  v a r ia tio n  and 

m a te rn a l e ffec ts  o r  c o m m o n  e n v iro n m e n ta l v a r ia tio n  exp la ined  th e  la rgest 

p a rt o f  th e  p h e n o ty p ic  v a r ia tio n , and  co v a ria tio n  w ith  fe c u n d ity  and sex 

ra tio  w as fo u n d . A  m a jo r  p ro b le m  exists in e s t im a tin g  h e r ita b ility  o f  behav­

io u ra l tra its  because o f  th e ir  lo w  level o f  re p e a ta b ility  caused by d if f ic u lt ie s  

in kee p ing  e xp e rim e n ta l c o n d it io n s  o r  th e  in d iv id u a l’ s in te rn a l s ta te  c o n ­

s ta n t [Kecic &  M a rin k o v  1974].

W e in ve s tig a te d  [1] th e  re p e a ta b ility  o f  p re b a llo o n in g  b e h a v io u r [2] the  

ex ten t to  w h ic h  v a r ia tio n  is d e te rm in e d  by e n v iro n m e n ta l c ircu m s ta n ce s  

d u r in g  ju v e n ile  d e ve lo p m e n t, and [3] th e  ex ten t to  w h ic h  a fa m ily  e ffec t is 

p resen t. Such fa c to rs  co u ld  p o ss ib ly  c o n tr ib u te  to  s im ila r ity  in o ffs p r in g  d is ­

persa l behav iou r, as d e m o n s tra te d  by M a sso t &  C lo b e rt [2 0 0 0 ]. Fam ily 

e ffec ts  in c lu d e  m a te rn a l e ffec ts  and p o ss ib le  a d d it iv e  h e r ita b ilit ie s .

P os tna ta l e ffec ts  in c lu d e  c o m m o n  e n v iro n m e n ta l c o n d it io n s  and [soc ia l] 

in te ra c tio n s  be tw een s ib lin g s . R e la tions be tw een o ffs p r in g  d ispe rsa l and 

m a te rn a l and o ffs p r in g  cha ra c te ris tic s  can re su lt fro m  b o th  g e n e tic  and 

e n v iro n m e n ta l fa c to rs  [K irk p a tr ic k  &  Lande 1989] and are very in fo rm a tiv e  

a b o u t th e  n a tu re  o f  d isp e rsa l. O u r  a im  w as th e re fo re  to  in ve s tig a te  w h e th e r 

fa m ily  e ffec ts  o r  p o s tn a ta l e n v iro n m e n ta l c o n d it io n s  in flu e n ce  p re b a llo o n ­

in g  b e h a v io u r [i.e. th e  la tency to  s h o w  t ip to e  be hav iou r].

A lth o u g h  b e h av iou rs  such  as c lim b in g  ve g e ta tio n  and ta k in g  o f f  are a lso 

im p o r ta n t fa c to rs  in aeria l d ispe rsa l [W eym an 1993], s tu d ie s  on th e  la tency 

to  in it ia te  t ip to e  b e h a v io u r are needed to  u n d e rs ta n d  v a r ia tio n  in th e  s p i­

d e r ’s m o tiv a t io n  to  d ispe rse  by b a llo o n in g  u n d e r su ita b le  m e te o ro lo g ica l 

c o n d it io n s . F ast-reacting  in d iv id u a ls  u n d e r la b o ra to ry  c o n d it io n s  are m o re  

like ly  to  b a llo o n  u n d e r va ria b le  w e a th e r [w ind  ve lo c ity ] c o n d it io n s  and u n d e r 

sud den  u n s u ita b le  e n v iro n m e n ta l c o n d it io n s  in w h ic h  sp id e rs  have to  

escape fro m  th e ir  o r ig in a l h a b ita t.
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M ethods
General M ethods

W e te s te d  th e  p ro p e n s ity  to  express t ip to e  b e h a v io u r u n d e r c o n s ta n t c lim a - 

to lo g ic a l c o n d it io n s , u s in g  a te s t c h a m b e r based on th e  re c o m m e n d a tio n s  

o f  Legel &  Van W in g e rd e n  [1980]. S p iders  w ere  p laced on a p la s t ic  fra m e  in 

an a ir  tu n n e l w ith  u p w a rd  cu rre n ts  a t a te m p e ra tu re  o f  30 ±  2°C, aeria l 

h u m id ity  o f  4 0 -5 0 %  and a lig h t breeze, v e lo c ity  1-1.2 m /s .  To p re ve n t the  

sp id e rs  fro m  esca p ing , w e p laced th e  fra m e  in a ba th  o f  w ater. Because all 

in d iv id u a ls  expressed th e  t ip to e  b e h a v io u r w ith in  10 m in ., w e m easu re d  th e  

la tency [to  th e  nearest seco nd ] o f  th e  s p id e r to  in it ia te  th is  b e h a v io u r [b a l­

lo o n in g  la tency] fro m  th e  o n se t o f  w in d  tu rb u le n c e . To be va lid , a m in im u m  

o f  3 s o f  co n s ta n t t ip to e  b e h a v io u r needed to  be observed .

W ith  th e  e xce p tion  o f  th e  3-week re p e a ta b ility  e xp e rim e n t [see be low ], all 

in d iv id u a ls  w ere  te s te d  1 day a fte r m o u lt in g  to  th e  a d u lt s tage, to  m in im iz e  

v a r ia tio n  in in te rn a l s ta te . S p iders  w e re  n o t a c c lim a tize d  to  th e  c lim a te  c o n ­

d it io n s  in th e  te s t cham ber.

W e co llec te d  grav id  fe m a le  sp id e rs  ra n d o m ly  at th e  end o f  S e p te m b e r 1999 

in g rass tusso cks  in a pa s tu re  o f  th e  W es tho ek  du n e  reserve in De Panne 

[B e lg iu m ]. Because th e  species is a b u n d a n t th ro u g h o u t th e  year, in d iv id u a ls  

s tr ic t ly  d e p e n d e n t o f  b a llo o n in g  fo r  te m p o ra l s ite  c o lo n is a tio n  w ere  no t 

se lec ted . The a d u lt in s ta rs  o f  th e ir  o ffs p r in g  w ere  used fo r  la b o ra to ry  exp e ri­

m e n ts . S p id e r lin g s  w ere  reared in p e tri d ishes [d ia m e te r 5 cm ] on p la s te r o f  

Paris u n d e r a re la tive  h u m id ity  c lose  to  s a tu ra tio n  and a lig h t:d a rk  cycle o f  

16:8 h . The co lle m b o la n  Iso tom a virid is  w as used as prey. Because w e w a n t­

ed to  in ve s tig a te  h o w  d iffe re n t e n v iro n m e n ta l c o n d it io n s  in flu e n ce  b a llo o n ­

in g  behav iou r, w e im p o se d  fo u r  d iffe re n t re a rin g  tre a tm e n ts  by c o m b in in g  

tw o  te m p e ra tu re  re g im es  [lo w :i5 °C  ; h igh :20°C ] and tw o  d ie t re g im es  [well 

fed : fo u r  p rey /3  days; p o o rly  fed : fo u r  p rey /w eek ]. A ll prey o ffe red  w ere  c o n ­

su m e d , and m o r ta lity  was lo w  [5.2 % ].

La tency da ta  w ere  In tra n s fo rm e d  and d id  n o t d if fe r  fro m  a n o rm a l d is tr ib u ­

t io n  [K o lm o g o ro v  S m irn o v  te s t: NS[.
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R epeatability and Acute Stress

To m easure  re p e a ta b ility  ove r s h o rt in te rva ls , w e tes ted  38 ra n d o m ly  selected 

in d iv id u a ls  tw ice  w ith in  1 h. In d iv id u a l b a llo o n in g  la tencies w ere  com pare d  

by in trac lass  c o rre la tio n  co e ffic ie n ts  [t], ca lcu la ted  fro m  a one-w ay A N O V A  

w ith  in d iv id u a l as fa c to r [Lessels &  Boag 1987; Boake 1989; Sokal &  R o h lf 

1995]. A n in trac lass  c o rre la tio n  c o e ffic ie n t c lose  to  1 in d ica tes  a h igh re peata­

b ility , one  close to  ze ro  none. We exam ined th e  re p e a ta b ility  a t lo n g e r in te r­

va ls, th a t is, w ith  va ria b le  pe riods  o f  fo o d  stress, in 2 0  sp ide rs  kep t at 20°C 

d u r in g  a 3-week exp e rim e n t, in w h ich  the y  w ere fed o n ly  on th e  f irs t  day o f  

each week. C onsequently , th e y  experienced in c re as ing  fo o d  d e p riva tio n  

e ffects  fo r  th e  rest o f  th e  w eek. B a llo o n in g  la tency was te s te d  each day. 

In trac lass  c o rre la tio n  co e ffic ie n ts  fo r  b a llo o n in g  la tency w ere  ca lcu la ted  

betw een days w hen  sp ide rs  w ere  assum ed to  be in th e  sam e n u tr it io n a l 

s ta te  [day a fte r sp ide rs  w ere  fed , l-w e e k  in te rva ls ]. A ll analyses w ere  p e r­

fo rm e d  w ith  SAS 8.1 ; v a r ia tio n  due to  th e  ra n d o m  in d iv id u a l e ffect [in trac lass  

c o r re la tio n ] w as tes ted  ag a ins t a m o d e l in c lu d in g  all va riance  c o m p o n e n ts  

[X21-test o f  d iffe re n ce  in lo g -1 i kel i h o o d ]. S ta tis tica l tes ts  w ere  tw o -ta ile d .

D evelopm enta l conditions and Family

W e ra n d o m ly  ass igned  s p id e r lin g s  fro m  13 fem a les  to  th e  fo u r  re a rin g  c o n ­

d it io n s  described  above, and te s te d  th e m  1 day a fte r f in a l m o u lt  u n d e r w e ll- 

fed c o n d it io n s . P re lim in a ry  e xp e rim e n ts  in d ica te d  th a t g e n d e r d id  n o t in f lu ­

ence b a llo o n in g  la tency [u n p u b lis h e d  da ta ]. W e a p p lie d  a G enera l L inear 

M o d e l w ith  type  III sum  o f  squares, fa m ily  [geno type ] as a ra n d o m  fa c to r 

and te m p e ra tu re  and fe e d in g  c o n d it io n s  as fixed  fa c to rs . In th is  way, o u r 

da ta  w ere  ana lysed in a q u a n tita tiv e  g e n e tic  fra m e w o rk  w ith  ge no typ e  x 

e n v iro n m e n t in te ra c tio n , w h e re b y  ge no typ e  in c lu d e d  n o n a d d itiv e  c o m p o ­

ne n ts , p rena ta l m a te rn a l and pa te rn a l e ffec ts . W e used 284 in d iv id u a l s p i­

de rs fro m  13 fa m ilie s  [m ean 5 .04  s ib lin g s /tre a tm e n t].  V ariance  es tim a te s , 

c o n tr ib u te d  by specia l e n v iro n m e n ta l e ffects  [as a con seque nce  o f  ra n d o m  

d e ve lo p m e n ta l no ise  and m ic ro e n v iro n m e n ta l v a r ia tio n ], ge no typ e  and 

ge no typ e  x e n v iro n m e n t in te ra c tio n s  w ere  ca lcu la ted  fro m  th e  expected 

m ean squares u n d e r a m ixed  m o d e l [Lynch &  W alsh 1998]. Because o f  th e
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sp e c if ic  m ean squares c o n fig u ra tio n , fixed [m a c ro e n v iro n m e n ta l] fa c to rs  d id  

n o t exp la in  any o f  th e  v a r ia tio n  [Lynch &  W a lsh , 1998].

Relations w ith  Life H istory Traits

W e m easu re d  d e v e lo p m e n t t im e  to  m a tu r ity  [to  th e  nearest day] and s ize  o f  

th e  s p id e r [c é p h a lo th o ra x  s ize  in m m 2 d ig it iz e d  u n d e r a 50 X  b in o c u la r 

m ic ro sco p e ] fo r  th e  o ffs p r in g  o f  24  fem a les  reared w ith  p rey ad lib itu m  at 

20°C . These da ta w e re  used fo r  th e  analys is  o f  p o ss ib le  co rre la tio n s  w ith  

th e  b a llo o n in g  latency. In a d d it io n , w e m easu re d  fe m a le  s ize [m e asured  in 

th e  sam e w ay as fo r  th e  o ffs p r in g ] and th e  n u m b e r o f  o ffs p r in g  in th e  f irs t 

co co o n  [fe c u n d ity  as m a te rn a l fitn e ss  ch a ra c te ris tic ]. The sex ra tio  in the  

f irs t  co co o n  w as a lso  d e te rm in e d . Because fe c u n d ity  w as co rre la te d  w ith  

th e  s ize o f  th e  fe m a le  [P earson c o rre la tio n : r i4 8 = o .2 6 8 , P<o.c>5], w e used 

re s id ua ls  o f  th e  re g ress io n  o f  n u m b e r o f  eggs in th e  f irs t  coco on  on fe m a le  

s ize  as a fitn e ss  m easure .

Results

Repeatability and Acute Stress

B a llo o n in g  la tency d id  n o t d if fe r  s ig n if ic a n tly  be tw een th e  tw o  te s ts  c o n ­

d u c te d  w ith in  1 h and w h e re  h ig h ly  repea tab le  [m ean va lues ±  SD; te s t 1: 

110.66 ±  6 6 .9 0 ; te s t 2= 87 .94  ±  5 ° -9 i;  t  =  0.781; ra n d o m  e ffec t: / 2 1 =  43.5; 

P < o .o o i[ .  A t l-w e e k  in te rva ls  it decreased and w as less re pea tab le  [range: 

0 .3 0 6 -0 .7 0 8 ]. B a llo o n in g  la tency decreased s ig n if ic a n tly  o ve r th e  f ir s t  w eek 

o f  th e  3-week e xp e rim e n t [P earson c o rre la tio n : r i8  =  0 .2 7 0 , P <0.05 ] b u t no t 

d u r in g  th e  second [P earson c o rre la tio n : r i8  =  0 .0 14 , NS] and th e  th ird  

w eeks [P earson c o rre la tio n : r i8  =  0 .0 0 0 8 , NS] [F ig. III.4 -1].
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Fig. 111.4-1: Ballooning latency [mean ± 95% confidence intervals, s] over a 3-week experiment in which 20 spiders 

were fed only on the first day o f the week [arrow].

Developmental Conditions and Family

P hen o typ ic  v a r ia tio n  in b a llo o n in g  la tency co u ld  be a ttr ib u te d  to  fe e d in g  

and te m p e ra tu re  c o n d it io n s  d u r in g  ju v e n ile  d e ve lo p m e n t, b u t n o t to  g e n o ­

ty p ic  [fa m ily ] e ffects [Table III.4 -1]. Levels o f  b a llo o n in g  la tency w e re  s ig n if i­

can tly  h ig h e r at 15°C th a n  at 20°C  and h ig h e r w ith  th e  p o o r d ie t [F ig. II 1.4-2]. 

M ean la tency d id  d if fe r  s ig n if ic a n tly  be tw een te m p e ra tu re s  [m ean va lues ±

SE: 15°C: 4 .9 7 9  ±  0 .783; 20°C : 5.493 ±  0.541, p o s t hoc S cheffé P < o .o o i]  bu t 

n o t be tw een d ie t tre a tm e n ts  [m ean va lues ±  SE: p o o rly  fed : 5.251 ±  0 .625; 

w e ll fed : 5.320 ±  0 .6 7 4 , Po s t hoc S cheffé, NS]. The in te ra c tio n  be tw een te m ­

pe ra tu re  and d ie t w as, however, s ig n if ic a n t: w hen  p o o rly  fed , s p id e rlin g s  

reared at 20°C  increased b a llo o n in g  la te nc ies , and  th o se  reared at 15°C 

decreased it.

G e n e tic  v a r ia tio n  exp la ined  29 .2%  o f  th e  to ta l p h e n o ty p ic  v a r ia tio n  [p a r t i­

t io n e d  as 16 .0%  fo r  ge no typ e  and 13.2% fo r  all ge no typ e  x e n v iro n m e n t 

in te ra c tio n s ]; th e  re m a in in g  v a r ia tio n  co u ld  be a ttr ib u te d  to  m ic ro e n v iro n ­

m e n ta l v a r ia tio n  [70 .8% ; Table 111.4-1].
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Table 111.4-1 - Results o f the G LM for ballooning latency [In transformed] on the factors temperature, diet [both 

fixed] and family [random]. NE: No estimates available.

Factor Sum o f squares df Mean square F P Variance

estimates

Temperature 8,456 1 8,456 8,222 0.012 NE

Diet 1,927 1 1,927 5,159 0.036 NE

Family 30,948 12 2,579 3,720 0.159 0.105

Temperature x Diet 3,201 1 3,201 4,327 0.032 NE

Temperature x Family 13,413 12 1,117 1,426 0.273 0.065

Diet x Family 4,308 12 0.359 0.458 0.904 -0.010

Temperature x D ie tx  Family 9,402 12 0.784 1,648 0.070 0.032

Error 121,424 261 0.465 0.465

5.4

5.2

5.0

4.8

W e ll fed Poorly fed

Fig. 111.4-2: Ballooning latency [mean ± SE, s] o f spiders that, as juveniles, were reared at 15 or 20°C and were 

either well fed or poorly fed [four prey per 3 or 7 days].

Relations with Life History Traits

For m a les and fem a les  separate ly, no re la tio n  be tw een b a llo o n in g  la tency 

and size a t m a tu r ity  w as fo u n d  [m a les  w ere  s ig n if ic a n tly  la rg e r th a n  

fem a les : t  te s t: 1236=10.45, P < o .o o i;  Table 111.4-2 ]. D e ve lo p m e n t t im e  to  

m a tu r ity  w as in d e p e n d e n t o f  sex [1278= 0.116, NS] and d id  n o t s h o w  a s ig ­

n if ic a n t c o rre la tio n  w ith  b a llo o n in g  la tency fo r  th e  w e ll-fe d  in d iv id u a ls  

reared at 20°C  [Table 111.4-2]. I fw e  in c lu d e  a ll o b se rva tio n s  fro m  th e  fo u r- 

e n v iro n m e n ts  e xp e rim e n t, a s ig n if ic a n t p o s it iv e  c o rre la tio n  w as fo u n d  w ith  

d e v e lo p m e n t t im e  in c re a s in g  in th e  o rd e r h igh  te m p e ra tu re /w e ll fed , h igh
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Table III.4-2 - Life history traits o f offspring and their mother, and correlations between traits and ballooning 

latency. *Pearson correlations for offspring traits and Spearman rank correlations for mother’s traits

correlation

Life-history trait Mean value ± SD N r2 P

Offspring

Development tim e [days]

All conditions 39.23 +5.18 280 0.220 <0.001

A t 20°C, spiders well fed 22.05 ± 3-34 248 0.067 NS

Céphalothorax size at m aturity [m m 2]

Males 3.34 + 0.21 117 0.142 NS

Females 3.09 + 0.16 125 0.042 NS

Mother

O ffspring sex-ratio [males/females] 0.87 + 0.38 24 -0.129 NS

A du lt céphalothorax size [m m 2] 3.20 + 0.03 24 -0.259 ns

N um ber o f  offspring in firs t cocoon 14.00 ± 3.95 24 0.146 ns

Residuals o f  offspring on m other’s size 24 -0.306 ns

te m p e ra tu re /p o o r ly  fed , lo w  te m p e ra tu re /w e ll fed and lo w  te m p e ra tu re / 

p o o rly  fed . B o th  te m p e ra tu re  and d ie t c o n tr ib u te d  to  th is  d iffe ren ce  

[A N O V A : te m p e ra tu re  e ffec t: Fi ,28o  =  354.921, P < o .o o i;  d ie t e ffect:

F i ,280=33.927, P < o .o o i] .  N o  s ig n if ic a n t re la tio n s  w ith  m a te rn a l life  h is to ry  

tra its  w ere  fo u n d  [Table 111.4-2].

Discussion
O u r la b o ra to ry  e xp e rim e n ts  sho w e d  h igh  re p e a ta b ility  o f  la te ncy  to  express 

p re b a llo o n in g  b e h a v io u r u n d e r s tress [w hen th e  s p id e r had to  escape fro m  

th e  te s t c h a m b e r to  su rv ive  a t a re la tive ly  h igh  te m p e ra tu re ] a t s h o rt in te r ­

vals o f  1 h, b u t lo w  re p e a ta b ility  a t lo n g e r in te rva ls  o f  a w eek. P hen o typ ic  

v a r ia tio n  was d e te rm in e d  m a in ly  by e n v iro n m e n ta l c o n d it io n s  and less so 

by g e n o typ ic  e ffec ts . R e la tions w ith  in d iv id u a l and m a te rn a l fitn e ss  cha rac ­

te r is tic s  w ere  n o t fo u n d .

O u r  re su lts  c o n firm  th a t t ip to e  b e h a v io u r in e r ig o n id  sp id e rs  is s tro n g ly  

in flu e n ce d  by fo o d  d e p riv a tio n  [Van W in g e rd e n  & V u g h ts  1974; Legel & V a n  

W in g e rd e n  1980; W eym an & J e p s o n  1994; W eym an et al. 1994]. T h is  pa tte rn  

w as fo u n d  o n ly  d u r in g  th e  f irs t  w eek o f  fo o d  d e p riv a tio n , how ever, and n o t 

d u r in g  fo o d  d e p riv a tio n  in th e  next 2 w eeks. T h is  re su lt in d ica te s  th a t b a l­

lo o n in g  la tency de pend s  n o t o n ly  on acu te  fe e d in g  stress b u t a lso  on feed-
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in g  h is to ry  and age. Because o f  th is  lo w  re pea tab ility , it is d if f ic u lt  to  m ake 

re p re se n ta tive  m u lt ip le  m e a su re m e n ts  and to  e s tim a te  th e  t ra it  h e r ita b ility  

u n d e r d iffe re n t e n v iro n m e n ta l and in te rn a l c o n d it io n s . The lack  o f  m u lt ip le  

m e a su re m e n ts  has led to  u n d e re s tim a tio n  o f  th e  levels o f  h e r ita b ility  o f  

c o u r ts h ip  and m a tin g  speed in D ro s o p h ila  [H o ffm a n n  1999]. The m ale- 

biased sex ra tio  d u r in g  b a llo o n in g  in th e  fie ld  [B la n d e n ie r &  Fürst 1998; 

B on te  et al. 1998] c a n n o t be a ttr ib u te d  to  a d iffe re n t t ip to e - in it ia t in g  behav­

iour, because th e  la tte r w as in d e p e n d e n t o f  sex.

D iffe re n t e n v iro n m e n ta l c o n d it io n s  d u r in g  ju v e n ile  d e v e lo p m e n t m a rke d ly  

a ffec ted  th e  la tency to  in it ia te  p re b a llo o n in g  behav iou r. B oth th e  fe e d in g  

re g im e  and th e  te m p e ra tu re  had a s ig n if ic a n t e ffec t. The e ffec t o f  te m p e ra ­

tu re  w as clear: sp id e rs  reared a t 20°C  to o k  o f f  fa s te r th a n  th o se  reared at 

15°C. The f in d in g  th a t th e  ju v e n ile  d ie t in flu e n ce d  th e  a d u lt ’s b a llo o n in g  

la tency w as as p re d ic te d ; however, o u r  re su lts  show ed  an e ffec t o f  te m p e ra ­

tu re  as w e ll. B a llo o n in g  la tency w as s h o rte r fo r  sp id e rs  th a t w ere  w e ll fed 

d u r in g  d e v e lo p m e n t w hen  th e  te m p e ra tu re  w as h igh  [20°C ], b u t at th e  low e r 

b re e d in g  te m p e ra tu re , th e re  w as o n ly  a m a rg in a l s ig n if ic a n t d iffe re n ce  

be tw een d ie ts . A n  in te ra c tio n  be tw een d ie t and te m p e ra tu re  w as th u s  p re s ­

en t, in d ic a t in g  a c o m p le x  re ac tion  o f  sp id e rs  to  d iffe re n t p o s tn a ta l e n v iro n ­

m e n ta l fa c to rs .

The s tro n g  e ffec t o f  te m p e ra tu re  d u r in g  re a rin g  on b a llo o n in g  la tency m ay 

be an in h e re n t p h ys io lo g ica l response . F lig h t a c tiv ity  in O n c o p e ltu s  a lso 

changes s ig n if ic a n tly  w ith  te m p e ra tu re  d u r in g  d e v e lo p m e n t [D in g le  1968], 

s u g g e s tin g  a p h ys io lo g ica l de p re ss io n  near te m p e ra tu re s  a t th e  th re s h o ld  

w h e re  re p ro d u c tio n  is po ss ib le . In th e  ca rab id  beetle  P ogonus cha lceus, 

w h e re  d ispe rsa l p o te n tia l is re la ted  to  w in g  size, te m p e ra tu re  d u r in g  d e ve l­

o p m e n t d id  n o t a lte r th e  re la tive  w in g  leng th  [D e se n d e r 1989a]. H ig h  te m ­

pe ra tu res  o ve r th e  s u m m e r co u ld  th u s  act as an extra tr ig g e r  fo r  th e  s t im u ­

la tio n  o f  th e  m ass la te -s u m m e r b a llo o n in g , c o m m o n ly  observed  in th is  

species [B on te  et al. 1998; D u ffey  1998], a lth o u g h  an in te ra c tio n  w ith  te m ­

pe ra tu re  d u r in g  b a llo o n in g  is to  be expected . N eve rthe le ss , o u r  da ta  in d i­

cate th a t b a llo o n in g  la tency is in flu e n ce d  by p h ys io lo g ica l responses to  

e n v iro n m e n ta l c ircu m s ta n ce s  d u r in g  ju v e n ile  d e v e lo p m e n t. M o th e rs  are
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th u s  ab le  to  in flu e n ce  th e  b a llo o n in g  in it ia t io n  o f  th e ir  o ffs p r in g  by the  

ch o ice  o f  h a b ita t fo r  re p ro d u c tio n .

D iffe re n t n u tr it io n a l c o n d it io n s  d u r in g  ju v e n ile  d e v e lo p m e n t in d u ce d  d if fe r ­

en t be h a v io u ra l b a llo o n in g  pa tte rn s , in co n tra s t to  acu te  fo o d  stress , w h ich  

is th e  fin a l tr ig g e r  fo r  b a llo o n in g  in m a ny  sp id e rs  [Van W in g e rd e n  &  V ugh ts  

1974; Legel &  Van W in g e rd e n  1980; W eym an &  Jepson 1994; W eym an et al. 

1994; B on te  &  M a e lfa it 2001]. O u r  f in d in g s  c o n tra d ic t th o se  o f  Legel &  Van 

W in g e rd e n  [1980], w h o  fo u n d  a lo w e r pe rcen tage  o f  b a llo o n e rs  in tes ted  

sp id e rs  w hen  in d iv id u a ls  w ere  reared u n d e r w e ll-fe d  and m e d iu m -s ta rve d  

re g im es  [40  and 37.5 % ] th a n  w ith  g re a te r levels o f  s ta rv a tio n . T h e ir  m o de l 

o rg a n is m  w as Erigone arctica  [W h ite , 1852], a s is te r species typ ica l o f  sa lt 

m a rshes . A lth o u g h  th e  p o w e r o f  th e ir  e xp e rim e n t w as to o  lo w  fo r  a p p ro p r i­

a te s ta t is t ic s , th e ir  re su lts  in d ica te  again  th a t fe e d in g  c o n d it io n s  d u r in g  

d e v e lo p m e n t a lte r b a llo o n in g  capacity. D iffe re n t species can a p p a re n tly  

react in d iffe re n t w ays to  c h a n g in g  e n v iro n m e n ta l c o n d it io n s . S ince the  

te m p e ra tu re  d u r in g  re a rin g  in th e ir  e xp e rim e n t w as ra th e r h igh  [ro o m  te m ­

p e ra tu re  be tw een 18 and 23 °C], s im ila r  re su lts  to  o u rs  co u ld  be expected .

O u r  re su lts  sug ges t th a t b a llo o n in g  la tenc ies  in E. a tra  are s h o rt o n ly  in 

h igh  p ro d u c tiv e  h a b ita ts , w he re  preys are a b u n d a n t and te m p e ra tu re s  h igh . 

As w e  observed  cova riance  be tw een d e v e lo p m e n t t im e  in th e  fo u r  t re a t­

m e n ts  and b a llo o n in g  latency, v a r ia tio n  w e observed  in b a llo o n in g  la tency 

can be exp la ined  by v a r ia tio n  in d e v e lo p m e n t t im e . In o u r  e xp e rim e n t, h o w ­

ever, b a llo o n in g  la tency is n o t co rre la te d  to  d e v e lo p m e n t t im e  w ith in  th e  

separa te  re a rin g  c o n d it io n s  and is c o n se q u e n tly  p ro b a b ly  n o t th e  m a in  t r ig ­

ge r re sp o n s ib le  fo r  th e  observed  v a r ia tio n  in b a llo o n in g  la tency u n d e r la b o ­

ra to ry  c o n d it io n s .

Fam ily  e ffec ts  exp la ined  a b o u t 16%  o f th e  observed  p h e n o typ ic  v a r ia tio n . 

A lth o u g h  n o t s ta t is t ic a lly  s ig n if ic a n t [o n ly  13 fa m ilie s  w ere  in c lu d e d  in the  

q u a n tita tiv e  s tud y ], th is  g e n o typ ic  sou rce  o f  v a r ia tio n  w as n o t ne g lig ib le . It 

s tresses th e  im p o rta n c e  and in te ra c tio n  o f  ge n e tic  c o m p o n e n ts  in  th e  

exp ress ion  o f  b e h a v io u ra l tra its , n a rro w ly  lin ke d  to  d isp e rsa l. T h is  b io lo g i­

ca lly  re levan t, lo w  g e n o ty p ic  sou rce  o f  v a r ia tio n  is c o n c o rd a n t w ith  R o ff &
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M o u sse a u ’s [i 987] and H o ffm a n n ’s [1999] f in d in g s  o f  ove ra ll lo w  he ritab i I i- 

tie s  fo r  be hav iou ra l tra its . W e d id  n o t f in d  any re la tio n  be tw een o ffs p r in g  ba l­

lo o n in g  la tency and m a te rn a l fitn e ss  ch a ra c te ris tics . The p ro b a b ility  o f  ba l­

lo o n in g  by yo u n g  crab  sp ide rs  M isu m e n a  va tia  a lso d id  n o t d iffe r w ith  c lu tch  

s ize o r in d iv id u a l s ize [M o rse  1993]. M o rse  [1993] a lso fo u n d  an e ffec t o f  

su b s tra te , w h ich  w as re la ted  to  im m e d ia te  prey ava ilab ility . C onsequently , 

th e  cho ice  o f  nest s ites [sub s tra te ] by th e  s p id e r lin g s ’ m o th e rs  in d ire c tly  

a ffected th e  s p id e r lin g s ’ d ispe rsa l behaviou r. O u r re su lts  are th u s  in ag ree­

m e n t w ith  M o rs e ’s [1993] f in d in g s  th a t v a r ia tio n  in s p id e r b a llo o n in g  is on ly  

m a rg in a lly  d e te rm in e d  by e v o lu tio n a ry  c o m p o n e n ts . M o re  e m p ir ica l 

research is needed to  u n d e rs ta n d  th e  po ss ib le  sources o f  v a r ia tio n  in b a l­

lo o n in g  behaviou r.

In insects  w ith  d is t in c t  d isp e rsa l cha ra c te ris tic s  such as w in g  p o ly m o r­

p h ism s  and d iffe re n tia te d  m u sc le  d e v e lo p m e n t, m a te rn a l and a d d itive  

ge n e tic  e ffec ts  in flu e n ce  th e  to ta l p h e n o ty p ic  v a r ia tio n  [e.g. Janssen et al. 

1988; Leam y 1988; D esen de r 1989a]. In fu ll and  h a lf  s ib lin g , d ire c t and  in d i­

rect se lec tio n  e xp e rim e n ts ; Li &  M a rg o lie s  [1993, 1994] fo u n d  a re la tive ly  

h igh  h e r ita b ility  o f  b a llo o n in g  la tency in th e  a ra ch n id  [p h y to p h a g ic ] m ite  

Te tranychus urticae . Li &  M a rg o lie s  m in im iz e d  th e  re s id ua l va ria nce  d u r in g  

th e  e xp e rim e n ts  to  4 3 -6 0 % ; and th e y  e s tim a te d  th e  a d d itiv e  g e n e tic  c o m p o ­

n e n t to  be 22 .39% . Because o f  th e  s tro n g  in flu e n ce  o f  e n v iro n m e n ta l fa c ­

to rs  and th e  im p o s s ib il ity  o f  c o n d u c tin g  m u lt ip le  m e a su re m e n ts , an a logo us  

e xp e rim e n ts  on b a llo o n in g  b e h a v io u r in sp id e rs  are p ro b a b ly  d if f ic u lt  to  

c o n d u c t in a s ta n d a rd ize d  way.

In sum m ary , w e co n c lu d e  th a t, in a d d it io n  to  [extens ive ly  d o cu m e n te d ] 

acu te  s ta rv a tio n , e n v iro n m e n ta l v a r ia tio n  d u r in g  ju v e n ile  d e v e lo p m e n t in f lu ­

ences b a llo o n in g  la tency in E. a tra  u n d e r o u r  la b o ra to ry  c o n d it io n s . The 

h a b ita t ch o ice  o f  th e  m o th e r is th e re fo re  like ly  to  in flu e n ce  o ffs p r in g  b a l­

lo o n in g  behav iou r. A  low, b u t b io lo g ic a lly  re levan t, g e n o typ ic  sou rce  o f  v a r i­

a tio n  w as, however, de tec ted  in d ic a tin g  th a t e n v iro n m e n t and geno type  

sum  and in te ra c t in th e  exp ress ion  o f  th is  d isp e rsa l- lin ke d  be h a v io u ra l tra it.
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Abstract

The sp a tia l po pu la tio n  dynam ics o f  the  w olfspider Pardosa m o n tico la , in h a b it­

in g  p a tch ily  d is tr ib u ted  grasslands in the Flem ish coastal dunes fro m  Belgium  

a nd  N o rthe rn  France were investigated w ith  incidence fu n c tio n  m odels us in g fie ld  

survey da ta fro m  1998 and  2000. Vegetation he igh t and  pa tch  size were re la ted  

to  h a b ita t quality. M ark-recaptu re experim ents revealed m a x im u m  cursoria l dis­

persal distances o f  280 m  f o r  moss dunes and 185 m  f o r  h igher dune grassland. 

H ig h e r shrub vegetation appeared to  be dispersal barriers. These habita t-depen- 

d a n t cursoria l distances and  the  theore tica lly  estim ated  ba llo on ing  distance were 

inc luded w ith  pa tch  distances in to  a connectiv ity  index f o r  bo th  dispersal modes. 

Forward m u lt ip le  regression ind ica ted  th a t pa tch  occurrence was in fluenced by 

h a b ita t q u a lity  and  ba llo on ing  connectivity. H a b ita t q u a lity  and  cursoria l con­

nectiv ity  expla ined pa tterns in  sho rt-te rm  colon isation. Extinction appeared to  be 

stochastic and n o t re lated to h a b ita t q u a lity  and  connectivity.

G enetic d iffe re n tia tio n  and va r ia b ility  was low. The discrepancy between the  

estim ated  low  dispersal capacity  and the  ind irec t estim ate  o f  gene f lo w  FS T in d i­

cates th a t h is to rica l p o p u la tio n  dynam ics a n d /o r  h is to rica l b a llo on ing  dispersal 

in fluence the  genetic s truc tu re  in  th is  species.

Keywords: b a llo o n in g , c u rso ria l d isp e rsa l, in c id e n ce  fu n c tio n  m o d e l, m e ta p o p u la t io n , p o p u la tio n  

gene tics
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In troduction
The p resence o f  species in p a tchy  landscapes can e ith e r be cha rac te rised  by 

a p a tchy  p o p u la tio n  s tru c tu re  [H a n sk i 1999a] o r  a m e ta p o p u la t io n  s tru c tu re  

[H a rr is o n  1991; H ansk i 1999a]. In th e  f irs t  sys tem , in d iv id u a ls  m ove  free ly  

a m o n g  h a b ita t pa tches, w h ile  in  th e  seco nd , m o s t in d iv id u a ls  stay in a s in ­

gle pa tch  d u r in g  th e ir  e n tire  life , b u t d is p e rs in g  in d iv id u a ls  enhance  s tro n g  

c o lo n is a tio n -e x tin c t io n  d yn a m ics . T h is  re su lts  in a p o p u la tio n  s tru c tu re  in 

w h ic h  su ita b le  pa tches re m a in  vacan t. Besides th e  c o lo n is a tio n  a b ilit ie s , 

changes in h a b ita t q u a lity  a lso a ttr ib u te s  to  loca l e x tin c tio n  d yn a m ics , as 

d e m o n s tra te d  fo r  spe c ia lised  b u tte rf lie s  [e.g. T h o m a s  et al. 1992;

R avenscro ft 1994; M o ila n e n  &  H ansk i 1998; B ergm an 1999] and b a cksw im - 

m ers  o f  th e  genus N oto nec ta  [B riers  &  W arren  2 0 0 0 ]. P a tch -spec ific  e m ig ra ­

t io n  and im m ig ra t io n  ra tes can th u s  de pend  on pa tch  area, in tr in s ic  qua lity , 

g e o g ra p h ic  is o la tio n  and co n n e c tiv ity . These pa ra m e te rs  to g e th e r re su lt in 

“ m ix e d ”  p o p u la tio n  s tru c tu re s , w ith  h igh  m ig ra tio n  rates fo r  c lose , c o n n e c t­

ed pa tches, and lo w  rates fo r  m o re  iso la te d  ones [S u tc liffe  et al. 1997]. Such 

tu rn o v e r- and  m ig ra t io n  d yn a m ics  a lte r th e  g e n e tic  s tru c tu re  o f  th e  in h a b it­

in g  p o p u la tio n s  [Leberg 1992; H a s tin g  &  H a rr is o n  1994]. In s tro n g ly  c o n ­

nected  p o p u la tio n s , ge n e tic  d if fe re n tia t io n  w ill be lo w  due to  s u b s ta n tia l 

gene flow , w h ile  s tro n g ly  iso la te d  p o p u la tio n s  can be expected to  be h ig h ly  

d iffe re n tia te d . T u rn o ve r events in p o o rly  con nec te d  p o p u la tio n s  m ay a lso 

ne ga tive ly  a ffec t th e ir  level o f  ge n e tic  va r ia b ility . Low  gene d iv e rs ity  can fu r ­

th e r  decrease p o p u la tio n  v ia b ility  due  to  in b re e d in g  e ffec ts  lea d in g  to  low  

in d iv id u a l fitn e ss  [B ritte n  1996; D av id  1998].

As th e  s tu d y  o f  m e ta p o p u la t io n  dyn a m ics  re qu ire s  kn o w le dge  on d ispe rsa l 

ab ility , e m p ir ic a l research has m a in ly  co n ce n tra te d  on la rg e r in ve rteb ra tes  

w h ic h  a llo w  easy m a rk in g  and tra c k in g  [e.g. b u tte rf lie s : H a rr is o n  et al. 1988, 

T h o m a s  &  H a rr is o n  1992, T h o m a s  et al. 1992; g ra ssh o p p e rs : H je rm a n  &  

Im s 1996, A p p e lt &  P oethke 1997, Kuhn &  K leyer 2 0 0 0 ]. Few s tu d ie s  have 

de a lt w ith  d ispe rsa l o f  sp id e rs , except fo r  so m e  la rg e r P isau ridae  species 

[K re ite r &  W ise  2001]. S p iders  can d isp e rse  in tw o  d is t in c t w ays: e ith e r  by 

c u rso ria l m o v e m e n t [m a in ly  a d u lts ] o r  by aeria l b a llo o n in g  [re s tr ic te d  to  

ju ve n ile s  fo r  th e  la rg e r species]. B o th  m o des  o f  d ispe rsa l d if fe r  in  th e ir  level 

o f  effic iency. C u rso ria l d isp e rsa l a llow s  s h o rt d is ta n t m o v e m e n ts  o n ly  and

P a t c h  q u a l i t y  a n d  c o n n e c t i v i t y  i n f l u e n c e  s p a t i a l  d y n a m i c s  i n  a  d u n e  w o l f s p i d e r  / 1 39



its e ffic ie ncy  depends on th e  s tru c tu re  o f  th e  h a b ita t m a tr ix  th ro u g h  w h ich  

d ispe rsa l occurs [B onte &  M a e lfa it 2001]. A eria l d ispe rsa l, in co n tras t, is 

m o re  e ff ic ie n t fo r  long  d is ta n t m o ve m e n ts  b u t invo lves a great risk  o f  a rriv ing  

in an u n su ita b le  h a b ita t. The s tu d y  o f  b a llo o n in g  e ffic ie ncy  has m a in ly  been 

based on fie ld  o b se rva tio ns  and has been genera lised w ith  m a th e m a tica l 

m ode ls  [T hom as 1996]. In d ire c t es tim a tes  o f  d ispe rsa l, e s tim a te d  by p o p u la ­

t io n  ge ne tic  analyses, are m o re  c o m m o n  [B o u lto n  et al. 1998; R am irez &  

Fandino 1996; R am irez &  H aakonsen 1999; C urdebeke  et al. 2 0 0 0 ].

T h is  pa p e r re po rts  on th e  m e ta p o p u la t io n  dyn a m ics  o f  Pardosa m o n tico la , a 

w o l f  s p id e r in h a b it in g  s h o rt du ne  g rass land s  a lo n g  th e  F le m ish  coast. Due 

to  increased u rb a n is a tio n  fo r  to u r is t  fa c ilit ie s , th e  to ta l area o f  d u n e  h a b ita t 

decreased fro m  6 0 0 0  ha to  less th a n  3 8 0 0  ha s ince  th e  b e g in n in g  o f  th e  

2 0 ^  cen tury, and becam e in c re a s in g ly  fra g m e n te d  [V erm eersch  1986]. A fte r 

th e  S econd W o rld  War, loca l fa rm e rs  a b ando ned  th e ir  ag ro p a s to ra l a c tiv i­

tie s , w h ic h  re su lte d  in an ove ra ll increase o f  Sea B u ck th o rn -sh ru b s  

[H ippophae  rham noides]. T h is , in  c o m b in a tio n  w ith  a crash o f  th e  ra b b it 

[O rycto lagus cun icu lus] p o p u la tio n  due  to  v ira l d iseases m yxo m a to s is  and 

V H S , lead to  a s tro n g  re d u c tio n  and fra g m e n ta tio n  o f  Polygalo-Koelerion  

g rass land s  [P ro vo o s t & V a n  La nduy t 2001].

Because o f  its  la rg e r s ize and typ ica l h a b ita t, th e  p resence o f  Pardosa m o n ti­

cola  in g rass land  fra g m e n ts  can be eas ily  re co rde d , esp ec ia lly  d u r in g  su n n y  

days, w hen  b o th  m a les and fem a les  are very ac tive . Th is  a llow e d  us to  c o n ­

d u c t an e xp e rim e n t fo r  th e  e s tim a tio n  o f  s p id e r c u rso ria l d isp e rsa l. 

E s tim a te s  o f  fe m a le  c u rso ria l d isp e rsa l and b a llo o n in g , th e  b io lo g ica l m o s t 

re le van t m easures fo r  pa tch  c o lo n is a tio n  and p o p u la tio n  e s ta b lis h m e n t in 

th e  s tu d y  species, w ere  th e n  used in an in c id e n ce  m o d e l [H a n sk i 1994; 

H a n sk i 1997]. T h is  m o d e l requ ires  a l im ite d  n u m b e r o f  pa ram e te rs  to  be 

e s tim a te d , and m akes b io lo g ic a lly  so u n d  a s s u m p tio n s : d ispe rsa l is 

assu m ed  to  be d is ta n ce  d e p e n d e n t and c o lo n is a tio n  and e x tin c tio n  

processes are assu m ed  to  de pend  b o th  on pa tch  q u a lity  and pa tch  co n n e c ­

tiv ity  [M o ila n e n  &  H ansk i 1998]. To co m p a re  d ire c t e s tim a te s  o f  ac tu a l d is ­

persa l w ith  in d ire c t e s tim a te s  o f  gene flow , w e a lso co n d u c te d  a p o p u la tio n  

ge n e tic  ana lys is  based on a llo zym e  e le c tro p h o re s is .
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M ateria l and methods

Study species and area

The w o lfsp id e r, Pardosa m o n tico la , a w id e sp re a d  species in E urope and 

A s ia , ty p ic a lly  occu rs  in s h o rt and  o lig o tro p h ic  pa s tu re s  and h e a th lan ds  

[W iebes &  Den H o lla n d e r 1974; A ld e rw e ire ld t &  M a e lfa it 1990]. In F lem ish  

and D u tch  coasta l dunes , th e  species p re fe rs m e s o p h y tic  pa s tu re s  grazed 

by ra bb its  and yo u n g  du ne  slacks w ith  a m o d e ra te  ve g e ta tio n  coverage, 

w h e re  it is kno w n  to  su rv ive  pe rio d s  o f  f lo o d in g  d u r in g  w in te r  [Van d e r A a rt 

1975; M a e lfa it et al. 1989; B on te  &  M a e lfa it 2001]. D ue to  its re g iona l sca rc i­

ty, th e  species is lis ted  on th e  F le m ish  Red L is t o f  en dangered  sp ide rs  

[M a e lfa it et al. 1998]. D u rin g  w in te r, P. m o n tico la  re trea ts  in ro u g h , lit te r-r ic h  

ve g e ta tio n . E specia lly  m a les s h o w  d iffu s e  c u rso ria l d ispe rsa l on g rey dunes 

w ith  d iffe re n t a m o u n ts  o f  bare sand [B on te  &  M a e lfa it 2001]. B a llo o n in g  by 

sp id e r lin g s  has p re lim in a ry  been s tu d ie d  u n d e r la b o ra to ry  c o n d it io n s  w here  

it  has been observed  a fte r s ta rv a tio n  and in a sm a ll p ro p o r t io n  [6-10 % ] o f  

th e  p o p u la tio n  o n ly  [B on te  &  M a e lfa it 2001].

F ie ld w o rk  w as co n d u c te d  betw een M ay 1998 and July 2 0 0 0  in s ix Belgian 

and French coasta l dunes com plexes loca ted  betw een th e  c ities  o f  

N ie u w p o o rt [B e lg iu m , 5 i°o 8 ’ N , 2°45’ E] and D unke rqu e  [France, 5 i°0 3 ’ N , 

2 °2 o ’ E] [F ig. 111.5-1], For th e  p o p u la tio n  ge n e tic  ana lys is , w e a d d it io n a lly  s a m ­

pled  du ne  h a b ita t in th e  B o u lon na is  [France, 4 6 °47 ’ N , 1°19’ E], th e  Zw in- 

es tua ry  [B e lg iu m , 5 i°2 2 ’ N , 3 °2 i’ E] and in th re e  areas a lo n g  th e  D u tch  coast: 

th e  A m s te rd a m  W ate r S upp ly  D unes [52°22’ N , 4 ° 3 i’ E], th e  dunes o f  the  

P rov inc ia l W ate r C om p any  [52°38’ N , 4°37’ E] and th e  Isle o f  T e rsche llin g  

[53°2 i’ N , 5°12’ E] [Fig. I I I .5-1]. Based on th e  h a b ita t p re fe rence o f  Pardosa m o n ­

tico la , a to ta l o f  1100 ha o f  du ne  h a b ita t w ere  screened fo r  th e  presence o f  

th e  species d u r in g  m id  M ay and th e  f irs t  and second decade o f  June [1998 

and 2 0 0 0 ]. In 1998, a to ta l o f  95 h a b ita t pa tches w ere  se lected . O f  these, 

one o ccu p ied  and one vacant pa tch  becam e u n su ita b le  in 2 0 0 0  as a re su lt 

o f  grass e n c ro a ch m e n t, and w ere  th e re fo re  excluded fro m  fu r th e r  analysis.

P a t c h  q u a l i t y  a n d  c o n n e c t i v i t y  i n f l u e n c e  s p a t i a l  d y n a m i c s  i n  a  d u n e  w o l f s p i d e r  /  141
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Fig. I II.5-1 : Location o f the sampled populations for allozyme electrophoresis [upper] and patch location in the 

Flemish coastal dunes [under]. [AMB: dunes Ambleteuse; FCD: Flemish coastal dunes; ZB: Zwin estuary; AWD: 

Amsterdam water supply dunes; PWN: Provincial water supply dunes North-Holland; TER: Terschelling].
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Dispersal

To e s tim a te  rates o f  m o b ility  and po te n tia l e ffective  rea lised d is tances in d if ­

fe ren t h a b ita t types, a to ta l o f  341 in d iv id u a ls  w ere m arked w ith  a co lou red  

p a in t sp o t a t th e  caudal pa rt o f  th e  p rosom a  and re leased in g roups  o f  a 

m a x im u m  o f  five  in d iv id u a ls  d u rin g  th e  f irs t decade o f  June 1998 [sunny co n ­

d itio n s ]. A  to ta l o f  145 in d iv id u a ls  w ere released in m oss dunes w ith  Phleo- 

Tortu le tum  veg e ta tio n , 120 in d iv id u a ls  in m o de ra te ly  ta li Polygalo-Koelerion  

g rassland , and 76 in d iv id u a ls  in ta li and dense A rrhenatherion  g rass land . 

Tw e n ty -fo u r ho urs  a fte r release, th e  area w as th o ro u g h ly  searched fo r  m arked 

sp ide rs , and d is tances fro m  th e  respective  re leasing s ites w ere m easured . 

A fte r f it t in g  th e  frequency-da ta  per d is tance  o f  2 m eters, th e  p ro p o rtio n  o f  

d ispe rse rs  per d is tance  u n it was ca lcu la ted  w ith  th e  in teg ra l o f  th e  best f it t in g  

curve [n o n -lin e a r reg ress ion ]. G iven th a t d ispe rsa l pa tte rn s  on m oss dunes 

and g rass land are ra n d o m ly  o r ie n ta te d  [B onte et al., u n pub . data] and m ay 

hence ob scure  es tim a tes  o f  e ffec tive  d ire c tio n a l d ispe rsa l to w a rd s  a n o the r 

patch, s tra it- lin e  d is tances w ere  ca lcu la ted  via g o n io m e trica l tra n s fo rm a tio n . 

Based on these  e ffec tive  d ispe rsa l d is tance  e s tim a tes  and th e  p ro p o rtio n  o f  

in d iv id u a ls  per d is ta nce  class, we ca lcu la ted  th e  p ro b a b ility  o f  da ily  d ispe rsa l 

d is tance. For tw o  d iffe re n t veg e ta tio n  types, da ily  d ispe rsa l p ro b a b ilit ie s  w ere 

ra n d o m ly  c o m b in e d  fo r  a 150-day d ispe rsa l pe riod  [i.e. re fle c tin g  a p p rox im a te  

m a x im u m  fem a le  age] based on 1 0 0 0 0  p e rm u ta tio n s .

Patch quality

S u itab le  h a b ita t pa tches w ere  d ig it is e d  fro m  aeria l o r th o p h o to g ra p h s  w ith  a 

G e o g ra p h ic  In fo rm a tio n  S ystem  [A rcv iew  3.1]. For each pa tch , w e ca lcu la ted  

pa tch  area [In -tra n s fo rm e d  to  ap p ro a ch  n o rm a lity ], p ro p o r t io n  edge [i.e. 

c o n to u r /a re a  ra tio ] and m ean ve g e ta tio n  h e ig h t [m e asured  20  tim e s  to  th e  

nearest cm  w ith  a po lys ty rene  d is k  w ith  d ia m e te r o f  20  cm  p laced on a 

m e a su rin g  ru le , d u r in g  th e  f ir s t  w eek o f  July]. Patch size w as in c lu d e d  as a 

q u a lity  m e a su re m e n t s ince  it has been sho w n to  a ffec t p o p u la tio n  s ize  and 

v ia b ility  [B on te  &  M a e lfa it, u n p u b l. da ta ]. P ro p o rtio n  edge, in tu rn , in d ire c tly  

re flec ts  th e  a v a ila b ility  o f  su ita b le  h ib e rn a tin g  s ites  in  th e  s u r ro u n d in g  

m a tr ix  [B on te  et al. 2 0 0 0 a ].
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To ca lcu la te  a p a tch -sp e c ific  index o f  h a b ita t qua lity , w e in c lu d e d  th e  above 

m e a su re m e n ts  as in d e p e n d e n t va ria b les  in a s tep w ise  fo rw a rd  m u lt ip le  

lo g is tic  re g ress io n  m o d e l w ith  lo g it [p ]= ln [p / [ i-p ] ]  as d e p e n d e n t va riab le , 

w h e re b y  p re flec ts  th e  p ro b a b ility  o f  f in d in g  an o ccu p ie d  pa tch  d u r in g  at 

least one  survey year. C h i-square  s ta t is t ic s  and changes in lik e lih o o d  [-2 In 

LL] w ere  used re spec tive ly  fo r  e n te rin g  [P <  0 .0 5 ] and  re m o v in g  [P <  0 .01] 

each o f t h e  in d e p e n d e n t va ria b le  in / f r o m  th e  m o de l.

Patch connectivity

Based on d ig ita l aeria l p h o to g ra p h s  and g ro u n d  surveys, th e  veg e ta tio n  

typ e  s u r ro u n d in g  each h a b ita t pa tch  w as sco red  as m oss du ne , M a rra m  

d u n e  [b lo n d  d u n e  w ith  A m m o p h ila  arenaria ], g rass land , sh ru b , o r  w o o d la n d . 

A e ria l d is t in c t io n  be tw een the se  ve g e ta tio n  types w as based on ve g e ta tio n - 

sp e c if ic  red [RED] and ne a r-in fra re d  [N IR ] re flec tance  va lues [P ro vo o s t et al. 

2 0 0 2 ]. S ince pa tch  c o lo n is a tio n  by P. m o n tico la  can o c c u r b o th  by fem a le  

c u rso ria l d isp e rsa l o r  ju v e n ile  b a llo o n in g , w e used d iffe re n t va lues [p a ra m e ­

te r  a, see be low ], d e s c r ib in g  th e  re la tio n s h ip  be tw een n u m b e r o f  m ig ra n ts  

and d is ta n ce  be tw een pa tches, fo r  b o th  m o des  o f  d ispe rsa l and  d iffe re n t 

ve g e ta tio n  types s u r ro u n d in g  each h a b ita t pa tch . Based on exp e rim e n ta l 

e s tim a te s  o f  c u rso ria l d isp e rsa l [th is  paper], w e ass igned  a = io o  fo r  u n s u it ­

ab le  h a b ita t [dense g rass land , sh ru b , o r  w o o d la n d ], 8=5.3 fo r ta l l  g rass land , 

and a=2 fo r  sandy- o r  m o s s -d o m in a te d  m a trice s . Based on lite ra tu re  da ta  

on aeria l d isp e rsa l [T hom a s 1996], w e ass igned  a= 4  fo r  b a llo o n in g , in d e ­

p e n d e n tly  o f  th e  s u r ro u n d in g  m a tr ix  type . C o n n e c tiv ity  e s tim a te s  based on 

c u rso ria l d isp e rsa l and aeria l d isp e rsa l are re fe rred  to  as Sfem  and 

Sb a llo o n  • respective ly .

Based on the se  da ta , pa tch  c o n n e c tiv ity  w as e s tim a te d  as S¡ =  ^ ^ 1  exP 

[-a d jjJN j [H a n sk i 199 9a , b] w ith  a  =  c o n s ta n t d e s c rib in g  th e  s tre n g th  o f  th e  

inve rse  re la tio n s h ip  be tw een n u m b e rs  o f  m ig ra n ts  fro m  pa tch  j and d is ­

ta n ce  be tw een pa tches, and N =  p o p u la tio n  s ize a t pa tch  j [1 in case o f  

occu pancy ; o  in case o f  vacancy]. H ig h  va lues o f  S th u s  re flec t h igh  levels o f  

co n n e c tiv ity . To ge th e r w ith  th e  ind ice s  o f  h a b ita t q u a lity  [see h igh e r], pa tch  

c o n n e c tiv ity  ind ice s  w ere  in c lu d e d  as in d e p e n d e n t va ria b les  in a s tep w ise
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fo rw a rd  m u lt ip le  lo g is tic  re g ress io n  m o d e l w ith  fo llo w in g  pa tch  ch a ra c te ris ­

t ic s  as d e p e n d e n t va ria b les : [i] occu p a n cy  s ta tu s  in 2 0 0 0  [1 o ccu p ie d ; o  

vaca n t]; [ii] c o lo n is a tio n  s ta tu s  in 2 0 0 0  o f  pa tches vaca n t in 1998 [o  s till 

vacan t; 1 co lo n ise d ]; and [iii] e x tin c tio n  s ta tu s  in 2 0 0 0  o f  pa tches o ccu p ied  

in 1998 [o s till vacan t; 1 e x tin c t].

Population genetics

D u rin g  sp r in g  and s u m m e r 1998 [F lem ish  coasta l dunes] and 1999 [o the r 

p o p u la tio n s ], we co llec ted  between 30 and 65 in d iv id u a ls  [excep tiona lly  17 

fro m  T ersche lling ] fro m  10 s ites in th e  F lem ish  coasta l dunes and five  re fe r­

ence sites in F lem ish, French and D u tch  dune com plexes [as in d ica ted  in Fig.

III.5-1]. A ll in d iv id u a ls  w ere cap tu red  by hand and tra n s p o rte d  a live  to  th e  lab­

oratory, w here  th e y  w ere fro zen  in liq u id  n itro g e n  and s to red  at - i8 o ° C . 

E lec trophores is  w as con duc te d  fo llo w in g  th e  m e th o d  o u tlin e d  in H ebe rt &  

Beaton [1989], u s ing  TR IS -g lycine and TR IS -m aleate  as bu ffe rs [R ichardson et 

al. 1986]. The fo llo w in g  six enzym es, encoded by seven gene tic  loci, w ere 

analysed: fu m e ra te  hydratase [F U M , E.C. 4.2.1.2], aspara te  am in o tra n s fe ra se  

[AAT, E.C. 2.6.1.1], lacta te  dehydrogenase [LD H , E.C. 1.1.1.27] ar|d m a la te  

dehydrogenase [M D H - i and M D H -2 . E.C. 1.1.1.37] [w ith  TR IS -g lycine as 

bu ffe r] and iso c itra te  dehydrogenase [ID H , E.C. 1.1.1.42] and g lucose 6 -p h o s ­

phate  isom erase  [PCI, E.C. 5.3.1.9] [w ith  TR IS -m aleate as bu ffe r].

E le c tro p h o re tic  da ta  w ere  ana lysed w ith  so ftw a re  packages T F P C A  [M ille r

1997] and C E N E P O P  [R aym ond &  R ousset 1995]. A na lyses e ith e r inc lu d e d  

a ll loc i [fo r e s tim a tio n  o f  h e te ro zygos ity ] o r  95%  p o ly m o rp h ic  loc i o n ly  [fo r 

e s tim a tio n  o f  p o p u la tio n  d iffe re n tia tio n ]. G en o type  fre q u e n c ie s  w e re  tes ted  

fo r  H a rd y-W e inb e rg  e q u ilib r iu m  b o th  w ith  exact s ig n ific a n c e  p ro b a b ilit ie s  

[M ille r  1997] and th ro u g h  g lob a l te s ts  across loci [R aym ond  and R ousset

1995]. The degree o f  in te r-p o p u la tio n  d if fe re n tia t io n  w as analysed by ca lcu ­

la tin g  N e i’s [1972] F g j-s ta t is t ic s ,  w h ic h  have been sho w n  n o t to  re la te  to  

gene f lo w  [N m ] in  re a lis tic  s tru c tu re d  p o p u la tio n s  [W h itlo c k  &  M cC au ley 

1999]. To exa m ine  is o la tio n -b y -d is ta n ce  e ffec ts , w e regressed N e i’ s [1972] 

o r ig in a l ge n e tic  d is ta n ce  va lues to  a m a tr ix  o f  k ilo m e tr ic  d is ta nces  betw een 

th e  p o p u la tio n s , w ith  th e  use o f  a M a n te l te s t [M a n te l 1967]. The re la tio n
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betw een ind ice s  o f  h a b ita t qua lity , c o n n e c tiv ity  and expected h e te ro zyg o s ity  

w as exa m ined  by S pea rm an c o rre la tio n  co e ffic ie n ts .

Results

Dispersal

A verage d a ily  d ispe rsa l d is ta nces  o f  m a rked  in d iv id u a ls  w ere  7 .96 ±  6 .95 m 

on m oss du nes  and 2.81 ±  1.96 m in g rass land s  [F1 2 2 ^ 1 0 3 .7 ; P < o .o o o i].  

M ean d isp e rsa l d is ta nces  d id  n o t d if fe r  be tw een m a les and fem a les  

[F1 2 6 i = 3' 2 ’ P = ° - ° 7 i] .  hence e s tim a te s  w ere  p o o led  fo r  fu r th e r  ana lys is . 

Frequency d is tr ib u t io n s  o f  in d iv id u a l d isp e rsa l d is ta n ce  w ere  described  by 

f[x ]= - i.7 o 6 + 4 3 .4 4 3 /x -9 8 .8 7 i/x 2+ 5 6 .8 6 o /x 2 [r2= o .6 7 6 , P < o .o o i]  fo r  m oss 

du nes  and f [x ]= - t.317 + 2 3 .3 3 2 /x -t4 .6 3 6 /x 2 [r2= o .8 o 3 , P < o .o o i]  fo r  g rass ­

lands. T ra n s fo rm a tio n  to  m a x im u m  e ffec tive  d ire c t s tra ig h t- lin e  d is ta nces  

y ie lde d  e s tim a te s  o f  28 0  m fo r  m oss du nes  and 185 m fo r  g rass land s  [Fig.
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Fig. 111.5-2: Estimated dispersal o f female Pardosa monticola on moss dunes and grassland, based on extrapo­

lation o f spider mark-recapture data.
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111.5-2],

P a tch  quality

A  to ta l o f  53 pa tches w ere vacant d u rin g  bo th  survey years, 19 pa tches w ere 

occu p ied  d u r in g  one year, w h ile  th e  re m a in in g  21 pa tches w ere occu p ied  d u r­

ing  bo th  census years [Table I I I .5-1]. V ege ta tion  h e ig h t per pa tch d id  n o t d i f ­

fe r between years [repeated m easures A N O V A : ^ ^ = 0 . 1 ;  P>o.c>5]. The

p ro b a b ility  o f  a g iven pa tch be ing occup ied  in census year 2 0 0 0  w as s ig n if i­

can tly  a ffected  by In [pa tch  area] [y 2 i= i6 .8 ;  P < o .o o i] and veg e ta tio n  he igh t 

[X ,2- i = t  7.5; P < o .o o i], bu t no t p ro p o rtio n  o f  edge [x,2-, = o .t 15; P>o.05[. The 

lo g is tic  m ode l Log it[p ]=  -16.550 + i.4 7 6 [p a tch  area] +  o .3 38*[veg e ta tio n  

he ig h t] co rre c tly  c lass ified  79 .6%  o f  a ll occupancy scores. Based on th is  

m o de l, a q u a lity  index ra ng ing  fro m  0 .0001  to  0 .9917 was scored fo r  each 

pa tch.

Table 111.5-1 - Habitat and connectivity characteristics o fthe patches in relation to their occupancy frequency 

[means with standard deviation].

n

Never Once

53

Twice 

19 21

H eight vegetation [cm] 1998 12.557 [4.162] 14.541 [4.049] 15.102 [3.238]

H eight vegetation [cm] 2000 11.887 [4-243] 15.043 [3.676] 14.508 [2.508]

Surface [m 2] 1567.981 [4077.239] 2014.263 [3176.991] 9886.524 [23870.822]

Contour [m"1] 0.295 [0-267] 0.208 [0.116] 0.130 [0.102]

Index o f habitat quality 0.269 [°-219] 0.552 [0.279] 0.727 [0.259]

Ln[Sfem] 6.169 [2.700] 7.816 [1.892] 8.693 [2-337]
Ln[Sballoon] 6.698 [1.824] 7.734 [2.019] 8.762 [2.309]
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Fig. III.5-3: Patch occupancy [^=38.559; P<o.ooi; above] and colonisation probability [c2=i8.027; P<o.ooi; 

under] as related to the patch connectivity estimates [based on aerial dispersal [ballooning] [Sballoon] and 

female cursorial dispersal [Sfem]] and habitat quality index [HQI].

Patch occupancy

Patches th a t w ere  o ccu p ie d  d u r in g  zero , one  o r  tw o  census years d iffe re d  

s ig n if ic a n tly  in h a b ita t q u a lity  [F2 g0 =30 .2 , P < o .o o o i],  w h e re b y  pa tches w ith  

ze ro  occu p a n cy  sho w e d  s ig n if ic a n tly  lo w e r h a b ita t q u a lity  scores th a n  th e  

tw o  o th e r occu p a n cy  classes [Table I I I .5-1; P ost-hoc S che ffé -tes t, p < o .o o i[ .  

C o n n e c tiv ity  e s tim a te s  a lso d iffe re d  in re la tio n  to  pa tch  occu p a n cy  [S fe n r  

F2 g 0 = 8 . 8 ,  P < o .o o i;  S [ja ||oon  : F2 g 0 = 8 . 6 ,  P < o .o o i] ,  w h e re b y  pa tches w ith  

ze ro  occu p a n cy  w ere  cha rac te rised  by lo w e r levels o f  c o n n e c tiv ity  th a n  

pa tches o ccu p ie d  d u r in g  b o th  census years [Table 111.5-1; P os t-h oc  Scheffé- 

te s ts  fo r  S fem  and S [ja ||o o n , a ll P < o .o o i[ .  Patch c o n n e c tiv ity  w as p o s it ive ly  

co rre la te d  w ith  th e  pa tch  q u a lity  index [S fe m : ^ = 0 . 4 2 2 ;  P < o .o o i;  and 

Sb a llo o n : r93= o .3 io ; P < o .o o 5[.

In a lo g is tic  re g ress io n  m o d e l w ith  occu p a n cy  s ta tu s  in 2 0 0 0  [n o c c u _ 

p ie d =4 °> nva ca n t= 53l as re sPonse va ria b le , b o th  pa tch  q u a lity  [x 2n =21.248; 

P < o .o o i]  and  S [ja ||oon  [x 2 ^ ! 8 .0 8 0 ; P < o .o o i]  s ig n if ic a n tly  exp la ined  v a r ia ­

t io n  in occu p a n cy  [F ig 3]. The lo g is t ic  m o d e l L o g it[p ]=  -5.921 ~ 4 .3 i2 [p a tc h  

qu a lity ] -  o .2 97 [S ba||0 0 n ] p re d ic tin g  o ccu p ied  pa tches in 2 0 0 0  co rre c tly  

c la ss ifie d  81.7%  o f  all pa tches. C o lo n is a tio n  s ta tu s  in 2 0 0 0  o f  pa tches
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va ca n t in  1998 [n c o |on isecj=  10; n va ca n t=53] w as s ig n if ic a n tly  exp la ined  by 

pa tch  q u a lity  [x 2., =11.805; P < o .o o i]  and Sfem  [x 2., =6 .2 22 ; P < o .o o i] .  A  lo g is ­

t ic  m o d e l L o g it[p ]=  3.777 -  1.051 [pa tch  qu a lity ] -  0 .4 2 9  [Sfe m ] p re d ic tin g  th e  

p ro b a b ility  o f  c o lo n is a tio n  in 2 0 0 0  c o rre c tly  c la ss ifie d  87.3%  o f  a ll pa tches 

[F ig. 111-5-3b[. N e ith e r pa tch  q u a lity  [x 2 1= i.4 5 2 ; P >0.05 ] n o r  pa tch  c o n n e c tiv i­

ty  [S b a llo o n : X 2i = ° - 2 7 6 ; P >o.05 ; Sfe m : x 2 1=o.125; P >o.os] exp la ined  the  

p a tte rn  o f  e x tin c tio n  in  2 0 0 0  o f  pa tches o ccu p ie d  in 1998 [n ex tin c te d = 9 ’

no c c u p ie d =21l-

°-16 1 1
A  H Q I (R=0.424)
•  Sfan(R=0.649) a  o  •

o  Sballoon (R =0.249) 0 A  #

C  A
0.14 J

1
I  0.13 - •  A  o  •  0 A  * O A

a  A t b O  A

0.12 J
A  •  O

°'11 " •  A  o

0.10 J--------------------1-----------------------1--------------------1--------------------1------------------ 1--------------------1
0 2 4 6 8 10 12

Habitat Quality Index - Connectivity S

Fig. 111.5-4: Relation between genetic diversity [Hexpected] and the habitat quality index [HQI], connectivity for 

cursorial [Sfem] and ballooning [Sballoon] dispersal for io  patches in the Flemish coastal dunes. Rank correla­

tion is only significant between Hexpected and Sfem [P=o.042]. For abbreviations, see Fig. III.5-3.

Population genetics

G e n e tic  d iffe re n tia tio n  be tw een th e  F le m ish , French and D u tch  p o p u la tio n s  

w as lo w  [F g j= o .o i i ;  S E=o .oo33[. In te r-p o p u la tio n  d iffe re n tia tio n  w as s ig n if i­

can t [c? g = 4 0 .9 i3 ; P < o .o o i] ,  b u t o n ly  fo r  2 0 %  o f  a ll p a irw ise  c o m p a ris o n s .

In to ta l,  seven o f  th e  fifte e n  p o p u la tio n s  w ere  n o t d iffe re n tia te d  fro m  each 

o th e r [p a irw ise  exact te s ts , w ith  B o n fe rro n i co rre c tio n s , P < o .o o 4 [. N o  s ig n if ­

ica n t is o la tio n  by d is ta n ce  w as observed  [M a n te l te s t, r= -o .i6 7 ; P>o.05[.

A  H Q I (R=0.424)
•  Sfan(R=0.649) A  O •

O Sballoon (R =0.249)

O ► •
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H a b i t a t  Q u a l i t y  I n d e x  - C o n n e c t i v i t y  S
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O vera ll, levels o f  ge n e tic  v a r ia b ility  w ere  m o d e ra te  to  low  w ith  a m ean 

expected h e te ro zyg o s ity  o f  0.135 ±  0 .0 2 2  [range 0 .1 09-0 .19 8 ]. A t th e  scale o f  

th e  F le m ish  w est-C oast, levels o f  expected h e te ro zyg o s ity  w ere  m a rg in a lly  

p o s it iv e ly  co rre la te d  w ith  levels o f  S fem  b u t n o t w ith  S [ja ||oon  and pa tch  

q u a lity  [F ig. 111.5-4].

Discussion

The sp a tia l d is tr ib u t io n  o f  P. m o n tico la  across su ita b le  h a b ita t pa tches w as 

p r im a r ily  re la ted  to  pa tch  qua lity , and to  a lesse r ex te n t to  pa tch  c o n n e c tiv i­

ty  as e s tim a te d  fo r  b a llo o n in g  d isp e rsa l. The p ro b a b ility  o f  s h o rt t im e  c o lo ­

n iz a t io n  o f  a pa tch  w as b o th  a ffec ted  by its  q u a lity  and its  level o f  co n n e c ­

t iv ity  as e s tim a te d  fro m  c u rso ria l d ispe rsa l ra tes. P a tte rns o f  loca l e x tin c ­

t io n , in c o n tra s t, w e re  n o t re la ted  to  pa tch  q u a lity  o r  co n n e c tiv ity , and th e re ­

fo re  appeared to  be m a in ly  s to ch a s tic .

Patch q u a lity  depend ed  b o th  on th e  s tru c tu re  [grass he ig h t] and size o f  th e  

h a b ita t pa tches. Because ra tes o f  ju v e n ile  m o r ta lity  in w o l f  sp id e rs  are very 

h igh  [e.g. u p  to  8 0 %  fo r  Pardosa lugubris ; Edgar 1971], th e  v ia b il ity  o f  s u b ­

p o p u la tio n s  w ill la rge ly  de pend  on p o p u la tio n  s ize, w h ic h  re la tes to  pa tch  

size in P. m o n tico la  [B on te , u n p u b l. da ta ].

Patch-based ind ice s  o f  h a b ita t q u a lity  w e re  s ig n if ic a n tly  co rre la te d  w ith  

th o s e  o f  co n n e c tiv ity , su g g e s tin g  th a t h ig h -q u a lity  pa tches [i.e. n o t to o  s h o rt 

g rass land s ] w ere  c lus te red  in space. L ikew ise , pa tches o f  lo w  q u a lity  w ere 

c lus te red  and p o o rly  co n n e c te d , due to  th e  p resence o f  dense sh rubs . 

H ig h e r levels o f  c u rso ria l m o b ility  in s h o rt th a n  in ta li ve g e ta tio n  type s , as 

e v id e n t fro m  th e  d ispe rsa l e xp e rim e n t, m ay have tw o  non -exc lu s ive  causes. 

F irs t, ta lle r  ve g e ta tio n  types m ay e ffec tive ly  h in d e r m o v e m e n t, as has been 

sho w n  fo r  d a rk lin g  beetles [C riest &  W ie n s  1995]. S econd, h ig h e r d ispe rsa l 

a c tiv ity  in th e  scarce ly  vegeta ted  grey du nes  m ay be due to  a lack  o f  su ita b le  

prey, such as ep ig e ic  s p r in g ta ils  and D ip te ra  [B on te  et a l. 2 0 0 2 e ; u n p u b l. 

da ta ]. L ikew ise , K re ite r& W is e  [2001] sho w e d  increased m o b ility  in the  

absence o f  su ita b le  p rey fo r  A m e rica n  p o p u la tio n s  o f  th e  fis h in g  s p id e r 

[Dolom edes tr ito n ].  Fem ale sp id e rs  live  tw o  to  th re e  m o n th s  lo n g e r th a n
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th e ir  m a le  co n sp e c ifics  and are fo u n d e rs . The d isp e rsa l p a tte rn  is ho w e ver 

d iffu se -like , so a lth o u g h  fa ir ly  large d is ta n ce s  can be covered d u r in g  one 

day, th e  s tra ig h t- lin e  d ire c tive  d is ta n ce  [1.86 m e te r/d a y ] is average ly low, 

even in th e  best c o n d u c tiv e  h a b ita t. In a d d it io n , w e do  n o t kn o w  w h e th e r 

th e  pa tch  e m ig ra tio n  ra te changes d u r in g  th e  season as d e m o n s tra te d  fo r  

o th e r in ve rte b ra te s  [Isaacs &  Byrne 1998; A lb re c tse n  &  N a ch m a n  2001; 

B e llam y &  Byrne 2001]. The in c lu s io n  o f  the se  d e ta iled  e m p ir ic a l d ispe rsa l 

da ta  s h o u ld  re su lt in  b e tte r c o n n e c tiv ity  m easures and in b io lo g ic a lly  m o re  

re a lis tic  m e ta p o p u la t io n  m o de ls .

Based on th e  above, th e  p o p u la tio n  s tru c tu re  o f  P. m o n tico la  in th e  F lem ish  

coasta l d u n e -co m p le x  re sem b le s  th a t o f  a m e ta p o p u la t io n . S tro n g  v a r ia tio n  

in pa tch  qua lity , such  as d o c u m e n te d  fo r  s ize, s tru c tu re , and  co n n e c tiv ity , 

m ay g ive rise to  s o u rce -s in k  d yn a m ics  [D ias &  B londe l 1996]. O ccu p a n cy  o f  

s inks , w h ic h  lay o u ts id e  th e  fu n d a m e n ta l n iche  o f  species, can be expected 

to  de pend  d ire c tly  on th e ir  d ispe rsa l a b ility  and im m ig ra t io n  ra te [B o u g h to n  

1999]. In o u r  study, c o n n e c tiv ity  a d d it io n a lly  exp la ins  occu p a n cy  and c o lo n i­

sa tio n  pa tte rn s , in d ic a tin g  th a t th e  m e ta p o p u la t io n  s tru c tu re  o f  P. m o n tico la  

in coasta l dunes p r im a r ily  de pend s  on th e  h a b ita t qua lity , as is th e  case fo r  

so u rce -s in k  d yn a m ics . The fa c t th a t a p p a re n tly  o b v io u s  m e ta p o p u la t io n s  

are a ffec ted  by h a b ita t q u a lity  w as d e m o n s tra te d  by B rie rs &  W arren  [2 0 0 0 ] 

fo r  N oto nec ta  b a cksw im m e rs  in p o n d s . T h e ir  re su lts  show ed  th a t c o n s id e r­

ab le n o n -sp a tia l co rre la te d  va r ia tio n  in h a b ita t q u a lity  ex is ts  and th a t p o p u ­

la tio n  tu rn o v e r  w as d rive n  by the se  q u a lity  d yn a m ics . M o ila n e n  &  H ansk i 

[1998] and G u tié rre z  et al. [1999] fa ile d  h o w e ve r to  im p ro v e  th e  ove ra ll 

e xp la in in g  p o w e r fo r  a b u tte rf ly  m e ta p o p u la t io n  by in c lu d in g  e n v iro n m e n ta l 

fa c to rs . The u n d e rly in g  m e ch a n ism s  e x p la in in g  th e  observed  pa tch  o ccu ­

pancy in fra g m e n te d  h a b ita ts  are hence d e p e n d e n t o f  th e  m o d e l o rg a n ism . 

In o u r  study, th e  b a llo o n in g -c o n n e c tiv ity  w as th e  best a d d it io n a l p re d ic to r  

fo r  pa tch  occupancy, w h ile  c o lo n is a tio n  processes at s h o rt te rm  depended  

on th e  c o n n e c tiv ity  by c u rso ria l d isp e rsa l. T h is  is c o n c o rd a n t w ith  th e  f in d ­

ings o f  B on te  &  M a e lfa it [2001], w h o  show ed  th a t th e  b a llo o n in g  c a p a b ili­

tie s  o f  P. m o n tico la  u n d e r la b o ra to ry  c ircu m s ta n ce s  w he re  very low  [be tw een 

5-10% ] and o n ly  occu rred  a fte r s ta rv a tio n . A t lo n g e r t im e  spans b a llo o n in g  

can, however, be a succe ss fu l c o lo n is a tio n  m e ch a n ism  s ince  o u r  observed
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occu p a n cy  p a tte rn  re su lts  fro m  d ispe rsa l events at lo n g e r t im e  in te rva ls .

The low  level o f  gene tic  d ive rs ity  in P. m on tico la  w as in concordance  w ith  p a t­

te rn s  observed in o th e r dune d w e llin g  a rth ro p o d s  [R am irez &  Froeh lig  1997; 

B ou lto n  e ta /. 1998], sug ges ting  s im ila r  e n v iro n m e n ta l se lec tion  pressures. 

A cco rd in g  to  B ou lto n  et al. [1998], repeated sand ove rb lo w in g  events d u rin g  

th e  landscape genesis m ay have caused repeated gene tic  bo ttlene cks  in 

coasta l dune  p o p u la tio n s  o f  several a rth ro p o d  species. T h is  m ay be especia lly  

tru e  fo r  P. m on tico la , w h ich  pre fers a su b c lim a x  veg e ta tio n  [sho rt g rass lands] 

th a t can easily be a lte red by e ith e r over- o r u n de rg raz in g . The s tr ik in g ly  h igh  

level o f  h e te ro zygos ity  in p o p u la tio n  PW N, an area cha racte rized  by a h is to r i­

ca lly s tab le  g raz ing  re g im e  [D o in g  1988] c o n firm s  th is  hypo thes is .

E stim ates  o f  g e ne tic  d iffe re n tia tio n  d id  n o t c o m p le m e n t th e  spa tia l d is tr ib u ­

t io n a l p a tte rn  o f  P. m o n tico la  in  th e  s tu d y  area: w hereas d ire c t e s tim a tes  o f  

[cu rso ria l] m o b ility  in d ica te d  lo w  levels o f  d ispe rsa l, low  levels o f  g e ne tic  d if ­

fe re n tia tio n  suggested  h igh  levels o f  gene flo w  [W h itlo c k  &  M cC au ley 1999]. 

Such d isc re pan cy  be tw een ge ne tic  and d is tr ib u t io n a l da ta  m ay have d iffe re n t 

reasons. F irs t, gene flo w  es tim a te s  based on F g j  m ay n o t re flec t c u rre n t lev­

els o f  ge ne tic  exchange, b u t ra th e r re flec t h is to rica l pa tte rn s  o f  in te rp o p u la ­

t io n  m ig ra tio n . S ince large-sca le fra g m e n ta tio n  o f  F lem ish  coasta l du ne  

g rass lands by u rb a n isa tio n  and s h ru b  en c ro a ch m e n t is fa ir ly  recent [i.e. less 

th a n  100 years], c u rre n t lo w  levels o f  ge ne tic  d iffe re n tia tio n  p ro b a b ly  resu lt 

fro m  h igh  levels o f  gene flo w  in th e  recent past. A lte rn a tive ly , w eak ge ne tic  

d iffe re n tia tio n  m ay re su lt fro m  [in fre q u e n t] long -ra nge  d ispe rsa l v ia  b a llo o n ­

ing . In th e  la tte r case, however, som e ge o g ra p h ic  p a tte rn  in g e ne tic  d iffe re n ­

t ia t io n  cou ld  be expected, g iven th a t th e  coasta l p o p u la tio n s  o f  P. m o n tico la  

w ere  a lm o s t lin e a rly  o r ie n ta te d . The lack o f  an iso la tio n -b y -d is ta n ce  e ffect 

th e re fo re  suggests  th a t h is to rica l gene flow , in c o m b in a tio n  w ith  recent fra g ­

m e n ta tio n  o f  coasta l d u n e  h a b ita t, caused th e  p resen t pa tte rn s  o f  w eak 

ge n e tic  d iffe re n tia tio n . O u r s tu d y  th u s  c o n firm s  th e  need fo r  b o th  d ire c t and 

in d ire c t e s tim a tes  o f  d ispe rsa l w hen  a im in g  to  in te rp re t c u rre n t pa tte rn s  o f  

ge n e tic  d iffe re n tia tio n  [see a lso P eterson et al. 2001].

152



Acknowledgem ent

T h is  s tu d y  w as p a rtia lly  fin a n ce d  by LIFE, In teg ra l C oasta l C onse rva tio n  

In it ia tiv e  [M o n ito r in g  o f  fa u n a  and flo ra  in fu n c tio n  o f  n a tu re  m a n a g e m e n t 

in  th e  F le m ish  coasta l dunes ] and V L IN A  96.1 [E co log ica l ge ne tics : pa tte rn s  

and processes in n a tu ra l p o p u la tio n s ]. Two a n o n ym o u s  re ferees gave v a lu ­

ab le  c o m m e n ts  on th e  f irs t  d ra ft o f  th e  m a n u s c r ip t.

P a t c h  q u a l i t y  a n d  c o n n e c t i v i t y  i n f l u e n c e  s p a t i a l  d y n a m i c s  i n  a  d u n e  w o l f s p i d e r  /  153



E v o l u t i o n  o f  b a l ­

l o o n i n g  B E H A V I O U R  I N A W O L F  S P I D E R  

I N H A B I T I N G  D I F F E R E N T  D U N E  L A N D ­

S C A P E S

B o n t e  D . ,  V a n d e n  B o r r e  I . ,  L e n s  L. &  M a e l f a it  J .-P . Submitted to Evolution



Abstract

Theoretica l studies on the  evo lu tion  o f  dispersal dem onstra te  th a t m echanism s  

re la ted to  h a b ita t and  p o p u la tio n  s truc tu re  are im p o rta n t in  shap ing  in te r- and  

in tra sp e c ifc  varia tion . E m p irica l evidence f o r  these re la tionsh ips is however 

scarce. We address the  re la tionsh ip  between h a b ita t q u a lity  and  dispersal by 

study ing  va ria tion  in  tip to e  behav iou r in  the  dune w o lf  sp ider Pardosa m o n tico ­

la, in h a b it in g  grassland hab ita ts  d iffe ring  in  connectiv ity  and  p red ic tab ility . This 

behav iou r prepares spiders f o r  passive ae ria l f l ig h t  i.e. a ttached  to  a s ilk  th read  

a nd  carried by a ir  currents [ba lloon ing]. O ffsp ring  fro m  fie ld -ca p tu re d  fem a les  

carry ing  eggsacs, were tested un der standard ized  labo ra to ry  conditions. O u r  

experim ents revealed th a t p o s tn a ta l p rox im a te  effects [sta rvation ], p re na ta l 

m a te rn a l effects and  inna te  effects influence the  perform ance o f  tip to e  behav­

io u r and th a t h a b ita t fra g m e n ta tio n  led to  a decrease in  dispersal rates, possibly 

because genes, associated w ith  dispersal w ou ld  d isappear in  iso lated p o pu la ­

tions. Because m a te rn a l co n d ition  and  fitne ss  decrease w ith  an  increasing degree 

o f  pa tch  iso lation, selection against ae ria l dispersal m ay enhance a m echanism  

o f  risk spreading. W ith in  one popu la tio n , h a b ita t q u a lity  influences offspring dis­

persal in  an  opposite way, and acts as a rescue effect f o r  o ffspring in case the  

m a te rn a l h a b ita t is o f  low e r quality, resu lting  in  a low er residual offspring size.

As a consequence, behav iou ra l tra its  na rrow ly  linked to  dispersal can evolve 

tow ards less m o b ile  phenotypes in  fra g m e n te d  te rres tr ia l hab ita ts . The genetic  

basis o f  b a llo on ing  dispersal remains, however, to  be unam b iguous ly  dem on­

stra ted  by studies c o n tro ll in g fo r  bo th  p re-and p o s tn a ta l conditions, bu t even i f  

on ly m a te rn a l effects are involved a t sm a ll geographic scales, they appear to  be 

the  m ost adaptive  response since they use in fo rm a tio n  f ro m  e n v ironm en ta l va ri­

ations m ore com ple te ly  and  lead to  o p tim a l dispersal strategies in fu n c tio n  o f  

the  h a b ita t q u a lity  and  p red ic tab ility .

Keywords: behav iou r, d isp e rsa l, h a b ita t, Pardosa m o n tico la , m a te rn a l c o n d it io n
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In troduction
In co n tra s t to  w in g e d  a rth ro p o d s , w h ic h  have ac tive  f l ig h ts , w in g le ss  a r th ro ­

po ds  d ispe rse  pass ive ly  by a ir  cu rre n ts  o r  o th e r  lo c o m o tio n  type s . T h is  ba l­

lo o n in g  d isp e rsa l is kno w n  fro m  sp id e rs  and several o th e r  a r th ro p o d  

g ro u p s  and is in it ia te d  by be h a v io u ra l a d a p ta tio n s  [t ip to e -be h a v io u r] th a t 

enab le  th e  in d iv id u a l to  ta k e -o ff in th e  a ir: a s p id e r c lim b s  to  an e leva ted 

s ta r tin g  p o in t, s tre tches  its  legs and ra ises its  a b d o m e n ; th e n  it p roduce s  

lo n g  s ilk  th re a d s  and is f in a lly  ca rried  up  by th e  a ir  c u rre n t [Jones 19 9 6 a ,b ]. 

B a llo o n in g  d isp e rsa l is in flu e n ce d  by m e te o ro lo g ic a l, p ro x im a te  [e n v iro n ­

m e n ta l] and p o ss ib ly  by in n a te  [u lt im a te ] fa c to rs  [W eym an et al. 20 02 ;

B on te  et al. 20 03b ]. B a llo o n in g  d ispe rsa l is assoc ia ted  w ith  lo w  w in d  v e lo c i­

tie s  and re su lt in  fa ir ly  s m a ll d ispe rsa l d is ta nces  [fro m  a fe w  m e te rs  u p  to  a 

fe w  100 m e te rs  [M o rse  1993; T h o m a s  1996; C o m p to n  2 0 0 2 ], d e p e n d in g  on 

th e  n u m b e r o f  repeated  flig h ts  [T hom a s et al. 2003]].

In te rd e m ic  o r  ge o g ra p h ica l v a r ia tio n  in b a llo o n in g  b e h a v io u r has n o t yet 

been d e m o n s tra te d . B on te  et a l. [2003b ] s tu d ie d  th e  ge n e tic  and e n v iro n ­

m e n ta l ba ckg ro u n d  o f  t ip to e  la tency and de tec ted  b io lo g ica l m e a n in g fu l 

v a r ia tio n  u n d e rly in g  th is  be h a v io u ra l tra it ,  a lth o u g h  th e y  w ere  n o t ab le to  

d is t in g u is h  be tw een a d d itiv e  g e n e tic  and m a te rn a l e ffec ts . In a n a logo us  

s tu d ie s  on th e  b a llo o n in g  la tency in th e  [p h y to p h a g ic ] m ite  Tetranychus 

urticae, th e  a d d itiv e  g e n e tic  c o m p o n e n t w as e s tim a te d  to  be m o re  tha n  

2 0 %  [Li &  M a rg o lie s  1993,1994]- These f in d in g s  stress th e  im p o rta n c e  o f  

g e n e tic  c o m p o n e n ts  in th e  exp ress ion  o f  b e hav iou ra l tra its  n a rro w ly  linked  

to  d isp e rsa l. Besides ge n e tic  b a ckg ro u n d , e n v iro n m e n ta l c o n d it io n s  are 

ab le  to  t r ig g e r  d isp e rsa l d ire c tly  as an im m e d ia te  be h a v io u ra l response , o r 

in d ire c tly  by f ir s t  a lte r in g  th e  in te rn a l bo dy  c o n d it io n  w h ic h  in tu rn  tr ig g e rs  

d ispe rsa l [Im s  &  H je rm a n n  2001]. I f  m a te rn a l e ffects are linked  to  in te rn a l 

c o n d it io n s , a t im e  lag w ill be p re se n t be tw een th e  e n v iro n m e n ta l cue and 

th e  exp ress ion  o f  th e  d ispe rsa l tra it .  These m a te rn a l e ffects  can be invo lve d  

w hen  p h e n o typ ic  sp e c ia liz a tio n  fo r  d isp e rsa l takes p lace at an early  o n to g e ­

ne tic  s tage [d u r in g  early  ju v e n ile  d e v e lo p m e n t], and  w hen  o ffs p r in g  are no t 

capab le  o f  p e rce iv in g  cues fro m  th e  externa l e n v iro n m e n t. In such scenario , 

a m a te rn a l lin k  in th e  pa thw ay  o f  c o n d it io n -d e p e n d e n t d isp e rsa l conveys 

in fo rm a t io n  a b o u t th e  e n v iro n m e n t n o t yet access ib le  to  th e  o ffs p r in g  [Im s
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&  H je rm a n n  2001]. These responses m ay h e lp  th e  o ffs p r in g  to  succe ss fu lly  

se ttle  in th e ir  na ta l e n v iro n m e n t o r  to  increase th e ir  lik e lih o o d  o f  d ispe rsa l 

[D e F ra ip o n t e t al. 2 0 0 0 ]. A lth o u g h  m a te rn a l e ffects  are o fte n  in te rp re te d  as 

a n o n -g e n e tic  fo rm  o f  h e re d ity  [Sorci et al. 1994], th e y  can be e v o lu tio n a ry  

s ig n if ic a n t i f  ge no typ e  and e n v iro n m e n t s tro n g ly  co rre la te  and m a te rn a l 

e ffects  increase  o ffs p r in g  fitn e ss , o r  w hen  m a te rn a l e ffec ts  d if fe r  be tw een 

ge no typ es  [M o ussea u  &  Fox 1998; M a ze r &  D a m u th  2001]. For aeria l d is ­

pe rsa l, in v o lv in g  h igh  su rv iva l cos ts , m a te rn a l e ffects  co u ld  be a m e ch a ­

n ism  to  p re a d a p t o ffs p r in g  to  th e  se lec tive  e n v iro n m e n t th e y  are like ly  to  

e n coun te r. The preva lence  o f  th e  loca l a d a p ta tio n  hyp o th e s is  can hence be 

expected [B rody  &  L a w lo r 1984; M c C in le y  et al. 1987; S orc i e t al. 1994].

A lth o u g h  b o th  p o p u la tio n  gene tics  and q u a n tita tiv e  gene tics  have d e m o n ­

s tra ted  ex tens ive  g e o g ra p h ic  v a r ia tio n  in n o n -b e h a v io u ra l tra its  [F oste r 

1999], e v o lu tio n a ry  s tu d ie s  on g e o g ra p h ic  v a r ia tio n  in b e h a v io u r are scarce 

d e sp ite  th e  fa c t th a t th e y  m ay o ffe r best hope fo r  d is s e c tin g  th e  causes o f  

be h a v io u ra l e v o lu tio n  [A rn o ld  1992; Foster 1999]. Evidence fo r  a d ap tive  

m ic ro e v o lu tio n  can be d iag nose d  in a t ru s tw o r th y  w ay w ith in  species i f  c o r­

re la tio n  ex is ts  w ith  e n v iro n m e n ta l fa c to rs  th a t are p re su m e d  to  cause se lec­

t io n  and i f  a n a lo g o u s  p a tte rn s  are fo u n d  in re la ted  species. Because p o p u ­

la tio n  d iffe ren ces  m ay re flec t v a r ia tio n  in experience w ith  th e  h a b ita t, c o m ­

m o n  ga rden  e xp e rim e n ts  s h o u ld  be used fo r  th e  d e te c tio n  o f  a d d itiv e  o r 

n o n -a d d itiv e  in te rd e m ic  v a r ia tio n  [A rn o ld , 1992]. S ince g e o g ra p h ic  v a r ia tio n  

in b e h a v io u r can evo lve  o ve r re la tive  s h o rt t im e  fra m e s  [R ieche rt 1999], 

p o p u la tio n  c o n tra s ts  can be esp ec ia lly  va lua b le  to  exp lo re  a p p a re n tly  a d a p ­

tive  d iffe ren ces  a m o n g  p o p u la tio n s , because d ive rg e n t p o p u la tio n s  m ig h t 

be separa ted  fo r  less t im e  th a n  h ig h e r ta x o n o m ic  u n its  and m ig h t th e re fo re  

o fte n  res ide  in th e  h a b ita ts  w h e re  th e  d iffe ren ces  evo lved  [E n d le r 1986].

W e here exa m ine  h o w  th e  p e rfo rm a n ce  o f  t ip to e  behav iou r, as a m easu re  o f  

d ispe rsa l p ro p e n s ity , o f  Pardosa m o n tico la -o ffs p r in g  varies be tw een la n d ­

scapes, th a t d if fe r  in th e  a v a ila b ility  and  c o n n e c tiv ity  o f  su ita b le  g rass land  

h a b ita ts , and  w h e th e r it changes in fu n c t io n  o f  th e  p re d ic ta b ility  o f  prey 

a b unda nce  in tw o  c o n tra s tin g  m a te rn a l h a b ita ts  w ith in  a s in g le  landscape  

type . T h e o re tica l s tu d ie s  on th e  e v o lu tio n  o f  d ispe rsa l revealed th a t it is
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se lected  ag a in s t by in tr in s ic  costs  and s tab le  e n v iro n m e n ta l he te ro g e n e ity  

[H o lt  1985; D oeb e li &  R uxton 1997; P arvinen 1999], w h ile  it is favo u re d  by 

k in c o m p e tit io n  [H a m ilto n  &  M ay 1977; P errin  &  Lehm an 2001; Lehm an &  

Perrin  2 0 0 2 ], in b re e d in g  avo id ance  [C hesser &  Rym an 1986; P errin  &  

M a za lo v  1999], te m p o ra l v a r ia b ility  and decrease o f  h a b ita t q u a lity  [Van 

Valen 1971 ; M cP eek &  H o lt  1992]. W eak flye rs w ill reach su ita b le  h a b ita t 

o n ly  by chance, s u ffe r fro m  h igh  m o rta lity , such  th a t th e  n u m b e r o f  in d iv id ­

ua ls e n te r in g  th e  p o p u la tio n  w ill be lo w e r th a n  th e  n u m b e r leav ing , espe­

c ia lly  w hen  th e  p a re n t p o p u la tio n  is iso la te d . N a tu ra l se lec tio n  w ill th u s  

fa v o u r in d iv id u a ls  th a t s tay  b e h ind  in th e  p a re n t p o p u la tio n  [D en B oer 

1970]. W hen  th is  occu rs , genes con nec te d  to  d isp e rsa l w ill o n ly  be m a in ­

ta in e d  i f  re c ru itm e n t in new ly  fo u n d e d  p o p u la tio n s  is s u ff ic ie n tly  h igh  to  

co m p e n sa te  fo r  losses due to  d isp e rsa l. Th is  ba lance can s h if t  in fa v o u r o f  

loca l s e tt le m e n t i f  su ita b le  h a b ita ts  be com e  m o re  iso la te d  o r  s tab le  

[S o u th w o o d  1962; D ie ckm a n n  et al. 1999].

Based on th e  above, w e hyp o th e s ize  th a t

I
 B a llo o n in g  p ro p e n s ity  w ill be h ig h e s t in  o ffs p r in g  o r ig in a t in g  fro m  open 

d u n e  landscape , d o m in a te d  by w e ll- in te rc o n n e c te d  grass land s .

D ue to  th e  fa c t th a t p rey [C o llem bo la ] a v a ila b ility  can be lim ite d  d u r in g  

s u m m e r d ro u g h ts  in g rass land s , b u t n o t in h u m id  d u n e  slacks, and  i f  

m a te rn a l v a r ia tio n  in o ffs p r in g  b a llo o n in g  p e rfo rm a n ce  ex is ts , w e can 

susp ec t a d d it io n a lly  th a t th e  p re d ic ta b ility  o f  th e  d u n e  s lack  h a b ita t 

se lects  ag a in s t o ffs p r in g  d ispe rsa l.

Prey d e p riv a tio n  tr ig g e rs  th e  p ro p e n s ity  fo r  aeria l d isp e rsa l.
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M ateria l and methods

Study organism

The w o l f  sp ide r, Pardosa m o n tico la  [C lerck, 1757], a w id e sp re a d  species in 

E urope and A s ia , ty p ic a lly  occu rs  in s h o rt and o lig o tro p h ic  g rass land s  and 

h e a th la n d  [W iebes &  Den H o lla n d e r 1974; A ld e rw e ire ld t &  M a e lfa it 1990].

In F le m ish  and D u tch  coasta l dunes , th e  species pre fe rs grey d u n e  g rass ­

land , grazed by ra bb its  and yo u n g  d u n e  slacks w ith  a m o d e ra te  veg e ta tio n  

coverage, w he re  it  is kno w n to  su rv ive  p e rio d s  o f  f lo o d in g  d u r in g  w in te r  

[Van d e r A a rt 1975; M a e lfa it et al., 1989; B on te  &  M a e lfa it 2001]. D ue to  its 

re g iona l scarcity, th e  species is lis ted  on th e  F le m ish  Red L is t o f  e n d a n ­

gered sp ide rs  [M a e lfa it et al. 1998]. D u rin g  w in te r, P. m o n tico la  re trea ts  in 

ju v e n ile  o r  s u b a d u lt in s ta rs  in ro u g h , lit te r-r ic h  ve g e ta tio n . M a les have been 

observed  to  d iffu se  c u rs o r ia lly  on g rey du nes  w ith  d iffe re n t a m o u n ts  o f  bare 

sand [B on te  &  M a e lfa it 2001]. In th e  F le m ish  coasta l du nes , th e  species 

lives w ith in  a m e ta p o p u la t io n , w ith  h a b ita t q u a lity  as m easured  by veg e ta ­

t io n  h e ig h t and pa tch  s ize  be in g  o f  p r im a ry  im p o rta n c e  in s tru c tu r in g  the  

sp a tia l p o p u la tio n  s tru c tu re  [B on te  et a l., 2003c]. S h o rt-te rm  p o p u la tio n  

d yn a m ics  are m a in ly  p re d ic te d  by c u rso ria l d isp e rsa l, w h ile  pa tch  o c c u p a n ­

cy, re s u lt in g  fro m  lo n g -te rm  c o lo n is a tio n -e x tin c t io n  d yn a m ics , m a in ly  

re su lts  fro m  aeria l [b a llo o n in g ] d ispe rsa l [B on te  et a l. 2003c]. N o th in g  is 

kno w n  a b o u t th e  sp e c ie s ’ m a tin g  s tra te g y  in th e  f ie ld , b u t second m a tin g  

events , a lth o u g h  n o t c o m m o n , w ere  a lready observed  u n d e r la b o ra to ry  c o n ­

d it io n s  [B on te , pers. obs[.
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Fig. III.6-1: Location o fthe three different dune landscapes in which Pardosa monticola were sampled. PWN: 

North-Holland dune reserve [open landscape]; FK: Flemish coast [intermediate landscape] and MOER: 

Moerbeke-Heidebos [closed landscape]

•J  Study site

Fem ale sp id e rs  w ith  a ttached  eggsacs w ere  co llec te d  in du n e  g rass land  

fro m  th re e  d iffe re n t d u n e  landscapes: N o rth -H o lla n d  du ne  reserve 

[N e th e rla n d s , Bergen-aan-zee, 52°38’ N L, 4°37 ’ EL], F le m ish  coasta l dunes 

[B e lg iu m , De P anne-C hyve lde , 5 i°0 5 ’ N L, 2°32’ EL], and in la n d  du nes  o f  

M o e rbe ke  [B e lg iu m , 5 i ° n ’ N L, 3°55’ EL] [see Fig. i [ .  These g rass land s  b e lo ng  

to  th e  C ladonio-K oe lerie ta lia  and are cha rac te rized  by prey lim ita t io n  fo r  

Pardosa-o ffs p r in g  d u r in g  w a rm  and d ry  s u m m e r w e a th e r [B on te  et al. 

20 02e ]. In th e  F le m ish  coasta l du nes , P. m o n tico la  a lso occu rs  in h u m id , 

yea rly  m o w n  d u n e  slacks. In co n tra s t to  d u n e  g ra ss la n d s , ve g e ta tio n  is 

d o m in a te d  by low  sedges [Carex trinervis, C. fla cca ], g rasses [Agrostis cap il­

laris] and lo w  c re e p in g  w illo w  Salix  repens and prey are c o n tin u o u s ly  and 

a b u n d a n tly  p resen t due  to  th e  h igh  h u m id ity  and th e  p resence o f  m yco r- 

rh iza  in th e  S alix repens-l i t te r  [B on te , u n p u b . da ta ].
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These th re e  landscapes d if fe r  in  th e  degree o f  g rass land  c o n fig u ra tio n  and 

are re fe rred  to  as re spec tive ly  th e  open , in te rm e d ia te  and c losed landscape . 

T he open  land scape  o f  th e  N o rth -H o lla n d  d u n e  reserve [N H D ] is a 5300 ha- 

large du n e  co m p le x , in w h ic h  Pardosa-fe m a les  w ere  sa m p le d  in a w e ll-c o n ­

nected  g ra ss la n d -sh ru b  co m p le x  o f  4 0 0  ha [W im m e n u m m e rd u in e n  near 

E gm o nd ], s itu a te d  a ro u n d  th e  h is to r ic  sea-v illage  land scape  [Z um keh r, 

2001]. The in te rm e d ia te  land scape  o f  th e  F le m ish  coasta l dunes is heavily 

fra g m e n te d , b u t la rge pa tches are w e ll con nec te d  [B on te  et a l. 2003c]. M ean 

pa tch  size is 1.41 ha and h a b ita t c o n n e c tiv ity  fo r  b a llo o n in g  d ispe rsa l is 

m o d e ra te ly  h igh  [B on te  et al. 2003c]. Two s u b p o p u la tio n s  w ere  sa m p le d  in 

d u n e  g rass land  [w ith  areas o f  0 .9 5  and 1.3 ha and d u n e  slacks w ith  pa tch 

area o f  0.33 and 0 .39  ha. The p o p u la tio n  fro m  th e  c losed land scape  in 

M o e rbe ke  c o n ta in s  a s tro n g ly  iso la te d  and sm a ll [pa tch  area o f  0 .4 8 ] p o p u ­

la tio n , s itu a te d  w ith in  a h o s tile  w o o d la n d  m a trix .

Estim ation o f  ballooning propensity

T ip to e  b e h a v io u r w as s tu d ie d  fo llo w in g  Legel & V a n  W in g e rd e n  [1980] and 

B on te  et a l. [20 03d ]. S p ide rs  w ere  p laced on a p la s te r p la tfo rm  w ith  ve rtica l 

na ils , in  g ro u p s  o f  five  in d iv id u a ls  as to  reduce  th e  level o f  in tra s p e c if ic  

in te ra c tio n . The fra m e  w as p laced in a w in d tu n n e l w ith  an up w a rd  c u rre n t 

o f  1-1.2 m /s  a t a te m p e ra tu re  o f  30 ±  2°C and an aeria l h u m id ity  o f  4 0 -5 0 % . 

To p reven t c u rso ria l escape, th e  fra m e  w as p laced in w ate r. O b se rva tio n s  

w e re  c o n d u c te d  d u r in g  2 0  m in u te s . O b se rva tio n s  o f  t ip to e  b e h a v io u r o f  

th re e  seconds  o r  m o re  w ere  co n s id e re d  va lid  [B on te  et al. 2 0 03b ]. Fem ales, 

ca rry in g  eggsacs w ere  co llec te d  in June-July 2001-2003 . In to ta l,  2039 o b se r­

va tio n  on t ip to e  b e h a v io u r w e re  c o n d u c te d . O ffs p r in g  o r ig in a te d  fro m  56 

m o th e rs  [M o e rb eke : 10; N e th e rla n d s : 10; F le m ish  coast: 11 and 10 fro m  

g rass land  h a b ita t and  8 &  7 fro m  du n e  slacks] and w ere  te s te d  in w e ll-fe d  

c o n d it io n  [C o lle m b o la  Sirie lla  curviseta  prey a t lib id u m ] and a fte r one-w eek 

s ta rv a tio n . O ffs p r in g  w ere  reared u n d e r la b o ra to ry  c ircu m s ta n ce s  o f  2 0 ± 2  

°C and a 16:8 d a y /n ig h t lig h t reg im e .
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M aternal reproductive characteristics

M a te rn a l s ize w as assessed by fe m a le  cé p h a lo th o ra x  w id th  and leng th  

m easu re d  u n d e r a 50 X  b in o c u la r m ic ro s c o p e  w ith  m e a su re m e n t scale. 

O ffs p r in g  ce p h a lo th o ra xes  w ere  d raw n  u n d e r a lo o x  m ic ro s c o p e  w ith  a 

d ra w in g  tu b e ; th e ir  p e r im e te r w as d e te rm in e d  a fte r d ig it is a t io n  w ith  

S um m agraph lcs S um m asketch I I I  as a m easure  o f  th e ir  size. S ince p re l im i­

na ry re su lts  in d ica te d  th a t o ffs p r in g  s ize d id  n o t s ig n if ic a n tly  d if fe r  betw een 

b a llo o n in g  and n o n -b a llo o n in g  o ffs p r in g  o f  th e  sam e c lu tch  [Vanden B orre  

u n p u b . da ta ], m ean o ffs p r in g  s ize  was d e te rm in e d  fo r  each c lu tch . Because 

c lu tch  s ize [r^2=°-57 ; P < o .o o i]  and m ean o ffs p r in g  s ize  [ ^ = 0 .4 1 ;  P < o .o o i] 

cova ried  s tro n g ly  w ith  m a te rn a l s ize  o ve r a ll th e  p o p u la tio n s , s ize was 

re ta ined  in th e  s ta t is t ic a l m o d e ls  [see be low ] u n til co va ry in g  pa ram e te rs  

w ere  backw ards e lim in a te d . By th is  p ro ce d u re , and in co n tra s t to  th e  use o f  

re s id ua ls  o f  o ffs p r in g  and c lu tch  s ize as in d e p e n d e n t pa ra m e te rs  to  m a te r­

nal s ize, un b iased  p a ra m e te r e s tim a te s  w ere  o b ta in e d  [F reck le ton  2 0 0 2 ] .  

M a te rn a l s ize can hence be co n s id e re d  as a m easure  o f ‘a b so lu te  f itn e s s ’ , 

w h ile  re p ro d u c tio n  cha ra c te ris tic s  co rre sp o n d  to  ‘ re la tive  f itn e s s ’ m easures.

Statistical analyses

V a ria tio n  in m a te rn a l s ize, o ffs p r in g  s ize and c lu tch  s ize  in th e  th re e  la n d ­

scapes [g rass land s  on ly ] w as te s te d  by one-w ay A N O V A  w ith  p o p u la tio n  as 

fixed  fac to r. D iffe rences  be tw een g rass land  and d u n e  s lack  h a b ita ts  [ in te r­

m e d ia te  land scape  on ly ] w e re  analysed w ith  a m ixed  m o d e l w ith  h a b ita t as 

fixed  fa c to r  and s u b p o p u la tio n  as nested ra n d o m  fac to r. Because m a te rn a l 

fitn e ss  cha ra c te ris tic s  cova ried  in th e  sam e w ay as t ip to e  fre q u e n cy  be tw een 

th e  sa m p le d  p o p u la tio n s  fro m  th e  d iffe re n t landscapes [see re su lts ], the y  

w ere  o n ly  in c lu d e d  in to  th e  ana lys is  to  in ve s tig a te  d iffe ren ces  and v a r ia tio n  

in th e  fre q u e n cy  o f  m o th e rs  w ith  b a llo o n in g  o ffs p r in g  be tw een th e  tw o  h a b i­

ta t  types and s u b p o p u la tio n s  w ith in  th e  in te rm e d ia te  landscape .

L o g is tic  m o d e ls  [ lo g it lin k ] w ith  in d iv id u a l t ip to e -p e rfo rm a n c e  [0 /1 ] o r  p re s ­

ence o f  t ip to e in g  o ffs p r in g  w ith in  th e  m a te rn a l c lu tch  [m o th e rs  w ith o u t o f f ­

s p r in g  p e r fo rm in g  t ip to e  b e h a v io u r w ere  scored  as o , th o se  w ith  t ip to e in g
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o ffs p r in g  as l ]  as d e p e n d e n t va ria b les  w ere  used to  te s t th e  hypo theses 

c o n c e rn in g  v a r ia tio n  in d isp e rsa l p ro pen s ity . W e w ill re spec tive ly  re fe r to  

b o th  types o f  m o d e ls  as th e  in d iv id u a l-  and  th e  c lu tch -base d  lo g is tic  m o de l. 

V a ria tio n  in t ip to e  p e rfo rm a n ce  be tw een th e  th re e  land scape  types w as te s t ­

ed fo r  th e  g rass land  p o p u la tio n s  w ith  bo th  types o f  lo g is tic  m o d e ls . The 

to ta l n u m b e r o f  te s te d  s p id e r lin g s  w as in c lu d e d  as cova riab le  in c lu tch - 

based m o d e l. The fa c to r ‘d u tc h , nested  w ith in  th e  land scape  type , was 

in c lu d e d  as ra n d o m  va ria b le  in th e  in d iv id u a l-b a se d  m o de l.

B o th  types o f  lo g is tic  m o d e ls  w ere  used to  analyse v a r ia tio n  be tw een h a b i­

ta t type s , in  fu n c tio n  o f  th e  m a te rn a l c o n d it io n . H a b ita t type  [g rass land  ve r­

sus d u n e  slack] and m a te rn a l f itn e s s  cha ra c te ris tic s  [c lu tch  s ize, m ean o ff­

s p r in g  s ize and m a te rn a l s ize] w ere  in c lu d e d  as fixed fa c to rs . B oth s u b p o p ­

u la t io n s  w e re  nested  as fa c to r w ith in  th e  h a b ita t type . As in p re v io u s  ana ly­

s is, fa c to r  ‘c lu tch  w as nested  as ra n d o m  fa c to r w ith in  th e  s u b p o p u la tio n  in 

th e  in d iv id u a l-b a se d  m o d e l and  th e  to ta l n u m b e r o f  te s te d  sp id e r lin g s  w as 

in c lu d e d  as cova riab le  in th e  c lu tch -base d  m o de l.

The e ffect o f  s ta rva tion  on t ip to e  pe rfo rm ance  was tes ted  fo r  o ffsp rin g  fro m  

th e  open p o p u la tio n  w ith  the  ind iv id ua l-b ased  lo g is tic  m ode l. Data on in d iv id ­

ual p e rfo rm ance  w ere analysed as repeated m easures and fac to rs  ‘c lu tch ' and 

th e  in te ra c tio n  w ith  s ta rva tion  tre a tm e n t w ere inc luded  as ra ndom  variables.

A ll lo g is t ic  m o d e ls  w ere  te s te d  a g a in s t th e  %2 d is tr ib u t io n  [d f=  l ]  o f  th e  Log- 

L ik e lih o o d -d iffe re n ce  be tw een m o d e ls  w ith  and w ith o u t th e  va ria b le  o f  in te r­

est. The degrees o f  fre e d o m  w ere  a p p ro x im a te d  u s in g  S a tte rth w a ite ’ s p ro ­

cedure . A  backw ards e lim in a tio n  o f  th e  n o n -s ig n if ic a n t pa ra m e te rs  w as pe r­

fo rm e d  in th e  m u lt ip le  m o d e ls  [g lim m ix  p ro ce d u re  in SAS 8.1].
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Results
In terdem ic variation in m aternal fitness characteristics

M a te rn a l s ize [F2 jg = i2 .2 i ;  P < o .o o o i],  o ffs p r in g  s ize [F2 = i 2.16;

P < o .o o o i] and c lu tch  s ize [F2 jg = 9 -9 3 ; P < o .o o o 4 ] d iffe re d  s ig n if ic a n tly  

be tw een g rass land  p o p u la tio n s  fro m  th e  th re e  land scape  types [Table I I I .6- 

l ] .  For a ll tra its , va lues fo r  th e  open land scape  w e re  s ig n if ic a n tly  h ig h e r th a n  

th o s e  fo r  th e  in te rm e d ia te  and c losed  landscape . D iffe re n tia t io n  in fitn e ss  

cha ra c te ris tic s  w as n o n -s ig n if ic a n t be tw een h a b ita t types and be tw een th e  

s u b p o p u la tio n s , nested  w ith in  th e  in te rm e d ia te  land scape  [m a te rn a l s ize: 

F1>2= o .38, a 2s u b p o p u |a t io n =34348; o ffs p r in g  s ize: F1>2= o .n ,  a 2s u b p o p u |a. 

t io n = 0 - ° i ;  c lu tc h  s ize: F1>2= i . i2 ,  a 2s u b p o p u |a t io n = io .8 8 ; A ll P > o .o 5[.

Table III.6-1 - Mean values [±sd] o f maternal size, offspring size and clutch size for six study populations from 

three different landscape types, including the different subpopulations in the intermediate landscape.

open

Crasslandi

intermediate

Crassland2 Slacki Slack2

closed

Maternal size [m m 2] 5009.30 4092.64 3213.00 4546.37 4042.57 4219.20

+507.31 +499.34 +311.43 +483.70 +568.06 +669.56

O ffspring size [mm] 2.48 2.33 2.35 2.34 2.36 2.28

+0.10 +0.07 +0.10 +0.06 +0.04 +0.09

Clutch size 44.10 27-75 21.63 36.87 24.85 27.50

+10.20 +12.55 +10.90 +29.71 +19.74 +7.87

In terdem ic variation in ballooning propensity  

Effects o f  landscape structure

V a ria tio n  in t ip to e  b e h a v io r fre q u e n cy  a m o n g  o ffs p r in g  fro m  g rass land s  o f  

th e  th re e  land scape  type s , w as s ig n if ic a n tly  a ffec ted  by th e  land scape  s tru c ­

tu re  [F2 ^ g  ^=5.01; P = o .o n ; see Fig. 2]. B a llo o n in g  p ro p e n s ity  w as lo w e s t in 

th e  c losed  land scape  [0.53 % , range 0 -9 .1% ] and s ig n if ic a n tly  lo w e r th a n  in 

th e  in te rm e d ia te  [8 .30% , range 0 -27% ] and open d u n e  land scape  [11.32%, 

range 0 -3 6 .6 % ]. V a ria tio n  be tw een c lu tch e s  w ith in  each land scape  w as s ig ­

n if ic a n t [a 2= 0 .3 6 6 4 ; X 2 -1=105.8; P c o .o o o i;  re s id ua l va ria nce  0 .8 0 7 ]. The
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m o d e l w as s ig n if ic a n tly  ro b u s t [x 2g g ^  ^ = 2 8 9 .2 7  P>o.c>5].

L ikew ise , th e  fre q u e n cy  o f  c lu tch e s  w ith  t ip to e in g  o ffs p r in g  d iffe re d  betw een 

g rass land s  fro m  th e  th re e  landscapes [F2 ^ g = 4  18; P =o.023] and w as in d e ­

p e n d e n t o f  th e  n u m b e r o f  s p id e r lin g s  te s te d  [F1 ^ ,.=0 .89 ; P=o.353].

E s tim a te d  fre q u e n c ie s  o f  c lu tch e s  w ith  b a llo o n in g  o ffs p r in g  w e re  low es t in 

th e  c losed  land scape  [10 .0  % , range 3.7-33.9% ] and s ig n if ic a n tly  lo w e r tha n  

th o s e  fro m  th e  in te rm e d ia te  [63.15%, range 36 .4-83.7% ] and th e  open du ne  

land scape  [9 0 .0 0 % , range 84 .57-93 .66% ].

O  STARVATION
♦ NO STARVATION O

O

CDO

0
O  O

R O
0

0
O  Í *
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C lo s e d  I n t e r m e d i a t e  O p e n

D u n e  la n d s c a p e

Fig. III.6-2: Proportion individuals per clutch perform ing tip toe behaviour in relation to  landscape connectivity.

Effects o f  hab ita t type

V a ria tio n  in t ip to e  b e h a v io u r fre q u e n cy  be tw een c lu tch e s  fro m  th e  g rass ­

lands and d u n e  slacks in th e  F le m ish  coasta l d u nes , d iffe re d  s ig n if ic a n tly  

be tw een b o th  h a b ita t types [Table I I I .6 -2; Fig. I I I .6-3]. T ip to e  fre q u e n cy  in 

o ffs p r in g  fro m  g rass land  w as h ig h e r [8 .30% , range 0 -27% ] th a n  in o ffs p r in g  

fro m  du ne  slacks [0 .3% , range 0-7 .7% ]. V a ria tio n  be tw een c lu tch es  and 

be tw een th e  tw o  s u b p o p u la tio n s  w ith in  each h a b ita t type  w as s ig n if ic a n t 

[Table I I I .6-2]. R esidua l va ria nce  equa led  0 .784 . D eviance o f  th e  m o d e l w as 

n o t la rg e r th a n  expected by chance [x 2^ 2=1®5-95> P >o.05 ].

V a ria tio n  due to  h a b ita t type  in th e  fo rm e r  m o d e l w as exp la ined  by m a te rn a l 

fitn e ss  in th e  c lu tch -b a se d  lo g is tic  m o d e l, m o re  sp e c if ica lly  by th e  in te rac-

E v o l u t i o n  o f  b a l l o o n i n g  b e h a v i o u r  i n  a  w o l f  s p i d e r  i n h a b i t i n g  d i f f e r e n t  d u n e  l a n d s c a p e s  /  1 6 5



t io n  be tw een c lu tch  s ize and o ffs p r in g  s ize, co n tro lle d  fo r  m a te rn a l s ize 

[Table I I I .6-2]. M o th e rs  w ith  a lo w  re s id u a l c lu tch  s ize and c o n s ta n t o f f ­

s p r in g  s ize had h ig h e r chances to  ha tch  t ip to e in g  o ffs p r in g  th a n  th o se  w ith  

a h ig h e r re s id u a l c lu tch  s ize, t ra d in g -o f f  ag a in s t o ffs p r in g  s ize [F ig. I I I .6 -4]. 

A d d it io n a l v a r ia tio n  in th e  fre q u e n cy  o f  c lu tch es  w ith  t ip to e in g  o ffs p r in g  

w as exp la ined  by fa c to r  s u b p o p u la tio n . The m o d e l f it te d  s ig n if ic a n tly  w e ll 

[X236 = 38 -0 1 ; P>o.05[.
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Fig. 111.6-3: Proportion individuals per clutch from the intermediate landscape performing tiptoe behaviour 

after starvation, in relation to habitat type.
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Fig. III.6-4: Relation between reproductive output [circles: clutch size; triangles: mean offspring size] and 

maternal size for mother with [open symbols] or without [filled symbols] tiptoeing offspring within their clutch.
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Table 111.6-2 - Logistic model for tiptoe frequency o f offspring within clutches and for clutches with or without 

ballooning offspring, in function o f the habitat type [grassland versus dune slack], maternal fitness characteris­

tics and the subpopulation.

Tiptoe frequency o f offspring within clutches

Variable [Fixed] Num d f Den df F P

Habitat type i 20.9 10.19 0.004

Maternal size i 13.2 1.82 0.201

Num ber o f  offspring i 30.5 1.00 0.324

Mean offspring size i 15.1 1.26 0.278

Num ber o f  offspring x mean offspring size i 17.2 1.80 0.197

Variable [Random] S3 0=1 P

Clutch [subpopulation] O.259 118.3 <0.001

subpopulation [Habitat] 0 .090 6.4 0.005

Frequency o f clutches with ballooning offspring

Variable [Fixed] Num d f Den df F P

Total offspring tested i 11.1 0.74 0.407

Habitat type i 2.89 4-99 0.115

Maternal size i 15.1 3.14 0.026

Num ber o f  offspring i 15.4 5.69 0.304

Mean offspring size i 15-3 3.76 0.071

Num ber o f  offspring x mean offspring size i 15.4 5.70 0.030

Variable [Random] a 2 X 2i P

Subpopulation 5-9 4.6 0.026

Effects o f  starvation

V a ria tio n  in t ip to e  fre q u e n cy  a m o n g  o ffs p r in g  fro m  th e  open land scape  was 

a ffec ted  by th e  degree o f  s ta rva tio n  to  w h ic h  th e y  w ere  su b je c ted  [Table

III.6 -3 ]. M ean t ip to e  fre q u e n c ie s  w ith in  c lu tch e s  w ere  14.43%  a fte r a one- 

w eek p e rio d  o f  s ta rva tio n  and 2 .9 0 %  a fte r a w eek  o f  h igh  prey ava ilab ility . 

V a ria tio n  w ith in  c lu tch es  and th e  cova ria te  s tru c tu re  w ere  h ig h ly  s ig n if ic a n t 

[Table I I I .6-3], in d ic a t in g  th a t t ip to e  p e rfo rm a n ce  a fte r s ta rva tio n  w as a d d i­

t io n a lly  d e p e n d e n t on th e  c lu tc h  and th e  in d iv id u a l p e rfo rm a n ce  a fte r a 

pe rio d  o f  fo o d  excess. The m o d e l w as s ig n if ic a n tly  ro b u s t [x 2 ^ g  gg = 2 2 6 ; 

P>o.05 [. R esidual va ria nce  [a 2] w as e s tim a te d  to  0 .7 02 .
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Table III.6-3 - Logistic model for tiptoe frequency with the degree o f starvation, fitness characteristics and their 

two-way interactions as fixed dependent effects.

Variable [Fixed] Num df Den d f F P

Starvation 1 291 17.78 <0.0001

Variable [Random] o 2 X 2 l P

M other*Starvation 0.001 0.006 0.938

Mother 0.188 19.3 <0.0001

Covariate structure 0.217 23.1 <0.0001

Discussion

To s tu d y  g e og ra ph ica l and in te rd e m ic  v a r ia tio n  in t ip to e  p e rfo rm a n ce , a 

b e h a v io r kno w n  to  in it ia te  aeria l d ispe rsa l in sp ide rs , Pardosa m o n tico la  o f f ­

s p r in g  fro m  g rass land s  o f  landscapes d if fe r in g  in th e ir  degree o f  p a tch  area 

and c o n n e c tiv ity  [an open , in te rm e d ia te  and c losed landscape ] w ere  reared 

and te s te d  u n d e r s ta n d a rd ize d  la b o ra to ry  c o n d it io n s . W e a d d it io n a lly  s a m ­

p led fem a les  fro m  tw o  h a b ita t types in th e  in te rm e d ia te  landscape , w ith  d i f ­

fe re n t p re d ic ta b ilit ie s  o f  p rey a b unda nce . O ffs p r in g  w ere  te s te d  u n d e r w e ll- 

fed and sta rved  c o n d it io n s . Because w e observed  lo w  t ip to e  fre q u e n c ie s  in 

genera l and  no  t ip to e  b e h a v io r by o ffs p r in g  fro m  th e  in te rm e d ia te  and 

c losed  land scape  u n d e r w e ll-fe d  c o n d it io n s , w e te s te d  fo r  e ffects  o f  s ta rva ­

t io n , land scape  c o n fig u ra tio n  and h a b ita t p re d ic ta b ility  in th re e  separa te  

analyses. O u r  re su lts  c o n firm  th e  p o s it iv e  e ffec t o f  acu te  s ta rva tio n  on t ip ­

to e  b e hav io r [Van W in g e rd e n  &  V ug ts  1974; Legel &  Van W in g e rd e n  1980; 

W eym an & J e p s o n  1994; W eym an et al. 1994; W eym an et al. 2 0 0 2  and Bonte 

et al. 2003b . The cova ria te  s tru c tu re , a lth o u g h  s ig n if ic a n t, m u s t be in te rp re t­

ed c a u tio u s ly  due to  th e  d o m in a n ce  o f  in d iv id u a ls  w h ich  d id  n o t p e rfo rm  

t ip to e  b e hav io r in b o th  tre a tm e n ts  and is hence o f  lo w  b io lo g ica l re levance.

A t th e  landscape-sca le , th e  pe rfo rm a n ce  o f  t ip to e  be hav iou r appears to  be 

coun te rse lec ted  in sm a ll and iso la ted  g rass land ha b ita ts . O ffs p r in g  fro m  

open landscape show ed th e  h igh es t level o f  t ip to e  behaviour. A t th is  geo-
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g raph ie  scale, th e  p o s it ive  re la tio n sh ip  between m a te rn a l fitn e ss  and o ff­

sp r in g  d ispe rsa l p ro p e n s ity  re su lts  as a cova ry ing  reaction  to w a rd s  d iffe r­

ences in h a b ita t co n fig u ra tio n  as a q u a lity -in d ica to r. W ith in  th e  in te rm e d ia te  

landscape, su b s ta n tia l va ria tio n  in b a llo o n in g  p ro p e n s ity  exists between the  

g rass land and du ne  slack h a b ita t type  and between th e  sam p led  s u b p o p u la ­

t io n s . The frequency o f  t ip to e in g  sp id e rlin g s  w ith in  each c lu tch  appeared to  

depend  o n ly  on th e  h a b ita t type  and th e  s u b p o p u la tio n , and c o n firm s  ou r 

hypo thes is  th a t h igh h a b ita t p re d ic ta b ility  selects aga ins t d ispe rsa l p e rfo rm ­

ance. W h e th e r po te n tia l ba llo one rs  are p resen t w ith in  a c lu tch  is, however, 

no t d ire c tly  re la ted to  th e  m a te rn a l h a b ita t cha rac te ris tics  b u t to  m a te rn a l f i t ­

ness. M o the rs  w ith o u t t ip to e in g  o ffs p r in g  have, re la tive  to  th e ir  size, a h igh e r 

c lu tch  s ize th a t tra des  o f f  aga ins t o ffs p r in g  size, w hereas m o th e rs  w ith  t ip ­

to e in g  o ffs p r in g  have a low er re la tive  c lu tch  size bu t co n s ta n t o ffs p r in g  size.

G e o g ra p h ic  v a r ia tio n  in fu n c tio n  o f  g rass land  c o n fig u ra tio n  w ith in  du ne  

landscapes is c o n c o rd a n t w ith  e xp ec ta tio ns  based on se le c tio n  ag a in s t d is ­

persa l i f  chances o f  re a ch in g  su ita b le  h a b ita t are lo w  [B on te  et al. 2003d ]. 

In d iv id u a ls  in h a b it in g  large g rass land  com p lexes  are a p p a re n tly  f i t te r  and 

m o re  m o b ile  th a n  w hen  in h a b it in g  iso la te d  and fra g m e n te d  h a b ita t re m ­

na n ts . A t th is  g e o g ra p h ica l scale, se le c tio n  p o te n tia lly  o ccu rre d  fo r  genes 

c o d in g  fo r  o r  ag a in s t b a llo o n in g , b u t m a te rn a l e ffects c a n n o t a p r io r i be 

exc luded s ince  o n ly  th e  F i-g e n e ra tio n  o f  s p id e r lin g s  w as te s ted .

The p resence o f  fe m a le s  w ith  b a llo o n in g  o ffs p r in g  in d iffe re n t h a b ita ts  and 

s u b p o p u la tio n  in te rco n n e c te d  by m e ta p o p u la t io n  dyn a m ics  [B on te  et al. 

2003c] seem s to  be enhanced  by m a te rn a l c o n d it io n : fem a les  th a t have p re ­

su m a b ly  experienced a lo w e r [loca l] h a b ita t q u a lity  w ill have a lo w e r c lu tch  

s ize  and re la tive ly  s im ila r-s iz e d  o ffs p r in g , w h ic h  d id  n o t p e rfo rm  t ip to e  

b e h a v io u r w ith in  th e  t im e  span o f  th e  la b o ra to ry  te s t. V a ria tio n  in t ip to e  fre ­

qu ency  w ith in  c lu tch e s , w as n o t d ire c tly  d e p e n d e n t on m a te rn a l c o n d it io n , 

bu t fo llo w s  th e  p re d ic tio n s  o f  h a b ita t p re d ic ta b ility . O n e  e xp la n a tio n  m ig h t 

be th a t o th e r  m a te rn a l e ffec ts  like  e g g -q u a lity  tr ig g e r  th e  p ro p o r t io n  o f  fas t 

re a c tin g  s p id e rlin g s  u n d e r la b o ra to ry  c ircu m s ta n ce s . In d iv id u a l v a r ia tio n  

be tw een and w ith in  c lu tch e s  is c o n s is te n t w ith  a m ixed  E vo lu tio n a ry  S table 

S tra tegy  sensu Parker &  S tua rt [1976], in w h ic h  each in d iv id u a l fro m  a genet-
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ical m o n o m o rp h ic  p o p u la tio n  se lects  a va ria b le  s tra te g y  fro m  c o m m o n  

p ro b a b ility  d is tr ib u t io n , w ith  th e  p o s s ib ility  o f  fin e  a d ju s tm e n t a c c o rd in g  to  

e n v iro n m e n ta l c o n d it io n s , in o u r  case a lso  m a te rn a l c o n d it io n s . A  s im ila r  

and a p p a re n tly  ra n d o m  v a r ia tio n  [o r b e tte r: un exp la in ed  re s id ua l v a r ia tio n ] 

has been observed  in o th e r  s tu d ie s  [S am u et al. 1996; M o rse  1997].

A c c o rd in g  to  W eym an et al. [2 0 02 ], ra n d o m  s w itc h in g  is re sp o n s ib le  fo r  th e  

observed  v a r ia tio n  in b a llo o n in g  w ith in  p o p u la tio n s , a lth o u g h  so m e  s tu d ­

ies, esp ec ia lly  in th e  fie ld , do  n o t c o rre c t fo r  sp a tia lly  and te m p o ra lly  v a r i­

ab le e n v iro n m e n ta l e ffects  w ith in  p o p u la tio n s .

The re la tio n s h ip  be tw een in te rd e m ic  v a r ia tio n  in t ip to e  p e rfo rm a n ce  and 

th e  e n v iro n m e n t reveals th e  p o s s ib ility  o f  n a tu ra l se le c tio n  on th e  b a llo o n ­

in g  d ispe rsa l o r  on m o th e rs , w h ic h  tr ig g e r  [o r reduce] b a llo o n in g  d ispe rsa l 

b e h a v io u r in  th e ir  o ffs p r in g . The exp ress ion  o f  m a te rn a l e n v iro n m e n ta l 

e ffects d iffe rs  a m o n g  geno types w ith in  th e se  p o p u la tio n s , and in d ica tes  

th a t th e  m a te rn a l e ffec t has th e  p o te n tia l to  evo lve  [M a ze r &  D a m u th  2001]. 

In s tro n g ly  iso la te d  p o p u la tio n s , m o th e rs , w h o  d o  n o t enhance  b a llo o n in g  

b e h a v io u r o f  th e ir  o ffs p r in g , p o te n tia lly  increase th e ir  fitn e ss  by m in im iz in g  

d ispe rsa l m o rta lity . M o th e rs  fro m  th e  open land scape  tr ig g e r  th e ir  o ffs p r in g  

to  ba llo o n  in h ig h e r p ro p o r t io n s , and hence b e n e fit d ire c tly  by re d u c in g  

in b re e d in g  [C hesser &  Ryman 1986; P errin  &  M a za lo v  1999] o r  k in c o m p e ti­

t io n  [H a m ilto n  &  M ay 1977 P errin  &  Lehm an 2001; Lehm an &  P errin  20 02 ]. 

The lo w  p ro p o r t io n s  o f  b a llo o n e rs  w ith in  c lu tch e s  cou ld  in d ica te  th a t these  

b e ne fits  are re la tive ly  low, co m p a re d  to  d ire c t fitn e ss  cos ts . A d d itio n a lly , 

s ince  c lu tch  s ize  is la rg es t in th e  p o p u la tio n  fro m  th is  landscape , th e  low  

n u m b e rs  o f  fa s t re a c tin g  p o te n tia l b a llo o n e rs  w ith in  each c lu tch  can be 

se lected  in fu n c t io n  o f  r is k  sp re a d in g  [K isd i 2 0 0 2 ], as th e  m a jo r ity  o f  th e  o f f ­

s p r in g  sh o w  no p ro p e n s ity  to  ba llo o n  w ith in  th e  s h o rt t im e  span o f  o b se r­

v a tio n . L ikew ise , la rge v a r ia tio n  w ith in  c lu tch es  can re su lt fro m  se lec tio n  o f  

r is k  s p re a d in g  w ith in  th e  p o p u la tio n . O ve ra ll, p o te n tia lly  lo w  fitn e ss  be ne ­

fits  by in c re a s in g  o ffs p r in g  d ispe rsa l in d ic a te  th a t th e  ad a p tive  m a te rn a l 

v a r ia tio n  w ill be low. The ad a p tive  va lue  in re s tr ic t in g  o ffs p r in g  d ispe rsa l 

can h o w e ve r be h igher, s ince  re d u c in g  d ispe rsa l m ay s e r io u s ly  increase f i t ­

ness in iso la te d  p o p u la tio n s . N a tu ra l se lec tio n  p o te n tia lly  acts a s y m m e tr i­
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cal ly and d i rect ion  al ly on o ffs p r in g  b a llo o n in g  p ro p e n s ity , in d e p e n d e n tly  o f  

w h e th e r it is loca lly  in flu e n ce d  by m a te rn a l e ffects.

A lte rn a tive ly , se lec tio n  m ay d ire c tly  act on th e  d ispe rsa l behav iou r. Possibly, 

th e  fre que ncy  o f  in d iv id u a ls  p e rfo rm in g  th e  p re -b a llo o n in g  t ip to e  be h a v io u r 

w o u ld  increase and v a r ia tio n  w ith in  and be tw een c lu tches w o u ld  decrease. 

H ow ever, as b o th  th e  fre que ncy  o f  b a llo o n in g  o ffs p r in g  w ith in  th e  c lu tches  

and th e  fre que ncy  o f  fem a les  w ith  [at least one ] b a llo o n in g  o ffs p r in g  show ed 

p re d ic te d  d iffe re n tia tio n  in fu n c tio n  o f  th e  h a b ita t c o n fig u ra tio n , an adap tive  

va lue  is a lm o s t ce rta in ly  p resen t, b u t w e c a n n o t d is tin g u is h  w h e th e r se lec­

t io n  acts d ire c tly  o r in d irec tly , v ia  m a te rn a l e ffects , on th e  d ispe rsa l behav­

io u r o f th e  s p id e rlin g s .

V a ria tio n  in o ffs p r in g  b a llo o n in g  p e rfo rm a n ce  can a lso be ge ne tica lly  d e te r­

m in e d , w ith o u t any a d ap tive  o r ig in , as ge n e tic  c o rre la tio n s  w ith  tra its  

evo lved as a d a p ta tio n s  to  th e  h a b ita t o r landscape type  [R o ff 1997; M a ze r &  

D a m u th  2001]. A  co rre la tio n  betw een genes c o d in g  fo r  b a llo o n in g  b e hav iou r 

and fo r  ins ta nce  fo ra g in g  ac tiv ity , prey cho ice  o r pa ras ite  res is tance  m ay w e ll 

exist, b u t is u n like ly  due to  an a logo us  se lec tio n  pressures w ith in  th e  dune 

g rass land  h a b ita ts  and th e  ove ra ll lo w  ge ne tic  d iffe re n tia tio n  betw een p o p u ­

la tio n s , irre spec tive ly  o f  th e ir  ge o g ra p h ic  d is ta nce  [B onte  e t al. 2003c]. Due 

to  th e  loss o f  p le io tro p ic  o r linkage in te ra c tio n s , genes c o d in g  fo r  d ispe rsa l 

m ay becom e a fu n c tio n a l [R o ff 1997].

The presence o f  s ig n if ic a n t v a r ia tio n  betw een c lose ly  loca ted  [s u r p o p u la ­

t io n s  in th e  in te rm e d ia te  landscape  m akes a d d itive  e vo lu tio n  at th is  sm a ll 

scale less likely, espec ia lly  s ince  th e  p resence o f  b a llo o n in g  in d iv id u a ls  w ith ­

in th e  fe m a le  o ffs p r in g  was re la ted to  m a te rn a l c o n d it io n . These p o p u la tio n s  

can, however, be iso la te d  fo r  a s h o rt te rm , as aeria l d ispe rsa l appeared  on ly  

to  d e te rm in e  lo n g -te rm  pa tch  occu pancy  pa tte rn s  [B on te  et a l. 2003c]. In 

th is  case, ra p id  in te rd e m ic  m ic ro e v o lu tio n  fo r  m o th e rs , s t im u la t in g  o r 

re s tr ic t in g  b a llo o n in g  d ispe rsa l [as re flec ted  in th e  fre que ncy  o f  b a llo o n in g  

o ffs p r in g  w ith in  each c lu tch ] o r a d ju s tin g  th e  be hav iou ra l th re s h o ld  to  pe r­

fo rm  b a llo o n in g , m ay have occu rred  in fu n c tio n  o f  h a b ita t p re d ic ta b ility .
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Because fem a les  w ith  a re la tive  sm a lle r c lu tch  s ize had h ig h e r chances to  

ha tch a t least one  b a llo o n in g  s p id e r lin g  [p o ss ib ly  by de creas ing  th e  th re s h ­

o ld  t im e  span to  p e rfo rm  p re -b a llo o n in g  behav io r], th e  observed in te rd e m ic  

p a tte rn  like ly  re su lted  so le ly  fro m  in te ra c tio n  w ith  n o n -a d d itive  m a te rn a l 

v a r ia tio n  ove r sub se q u e n t g e ne ra tions , as suggested  by B on te  et al. [2003b ]. 

T h is  pa tte rn  co n tra s ts  to  th e  observed p o s it ive  co va ria tio n  at th e  landscape- 

level be tw een m ean c lu tch  s ize and b a llo o n in g  p ropens ity . W ith in  th e  in te r­

m e d ia te  landscape , fem a les  th a t experienced a loca l lo w  h a b ita t q u a lity  t r ig ­

ger at least a sm a ll p ro p o r tio n  o f  th e  o ffs p r in g  to  d ispe rse  aerially. S im ila r 

m a te rn a l e ffects on th e  b a llo o n in g  fre que ncy  w ith in  c lu tch es  fro m  dune 

slacks and g rass land  w ere  n o t fo u n d , so o th e r m a te rn a l e ffects m ay have 

indu ced  v a r ia tio n  in b a llo o n in g  fre que nc ies  w ith in  th e  re s tric te d  ob se rva tio n  

p e riod . P oss ib ly  egg q u a lity  [lip id s , p ro te in s , h o rm o n e s ] can be in flu e n ce d  by 

th e  ph ys io lo g y  o f  th e  m o the r, in h a b it in g  d iffe re n t hab ita ts  and expe rien c ing  

d iffe re n t e n v iro n m e n ta l cues, as d e m o n s tra te d  in th e  gypsy m o th  [D iss  et al.

1996] and resu lts  in d iffe re n t th re s h o ld s  o f  o ffs p r in g  to  p e rfo rm  th e  d is p e r­

sal behav iou r, in  acco rdance w ith  th e  p re v io u s ly  m e n tio n e d  “ ra n d o m ” m ixed 

ESS [Parker &  S tua rt 1976]. T h is  a p p a re n tly  “ ra n d o m ” s tra tegy  m ay hence be 

a c ryp tic  e n v iro n m e n ta l o r e vo lu tio n a ry  tr ig g e r th a t o n ly  appears to  be ra n ­

d o m  because o f  ha rd ly  de tec tab le  re la tio n sh ip s  w ith  th e  [genetica l] e n v iro n ­

m e n t. H ence, v a r ia tio n  in b a llo o n in g  p e rfo rm a n ce  in s u b p o p u la tio n s  d if fe r­

ing  in h a b ita t q u a lity  and p re d ic ta b ility  [Van Valen 1971; M cP eek &  H o lt 

1992], seem s to  be a m a te rn a l-c o n d it io n a l de p e n d e n t d ispe rsa l [Im s  &  

H je rm a n  2001] and enables o ffs p r in g , w ith o u t experience o f  th e  e n v iro n ­

m e n t, to  react on e n v iro n m e n ta l cues experienced by th e ir  m o ther.

R egardless o f  th e  n a tu re  o f  th e  e v o lu tio n a ry  tr ig g e r  fo r  b a llo o n in g  p ro p e n s i­

ty, w e d e m o n s tra te  fo r  th e  f irs t  t im e  g e o g ra p h ic  and in te rd e m ic  v a r ia tio n . In 

th e  past, o n ly  R ich te r [1971] fo u n d  in d ic a tio n s  o f  v a r ia tio n  in t ip to e -p e r fo rm - 

ance in sp a tia lly  separa ted  p o p u la t io n , a lth o u g h  h is  re su lts  co u ld  n o t be 

te s te d  in a p ro p e r s ta t is t ic a l way. Passive w in d  d ispe rsa l is n o t a so le ly  ch a r­

a c te r is tic  fo r  sp id e rs , b u t c o m m o n  in p la n ts , m ite s  and b u tte rf ly  larvae. A  

reduced d isp e rsa l p ro p e n s ity  in  weedy, s h o rt- live d  and w in d -d is p e rs e d  

p la n ts  o f  in sh o re  is land s  in C anada has been de tec ted  by C ody &  O ve rto n  

[1996] and in te rp re te d  as a s tr ik in g  exam p le  o f  sh o rt- te rm  e v o lu tio n  in
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sm a ll and  iso la te d  na tu ra l p o p u la tio n s , a lth o u g h  o n ly  p h e n o ty p ic  va riance  

w as s tu d ie d . S im ila rly , d ispe rsa l p ro p e n s ity  in le p id o p te ra n  larvae a lso 

show ed  co n s id e ra b le  in te rd e m ic  v a r ia tio n  [D iss  et al. 1996], b u t appeared  to  

be asso c ia ted  w ith  n u tr it io n a l experience o f  th e  m a te rn a l p o p u la tio n , bu t 

n o t w ith  egg s ize  and egg p ro te in  co n te n t. W h e th e r a d d itiv e  va ria nce  c o n ­

tr ib u te d  to  th e  observed  pa tte rn s , was n o t s tu d ie d . O n ly  Li &  M a rg o lie s  

[1993; 1994] d e m o n s tra te d  th e  h e r ita b ility  o f  tra its , re la ted  to  w in d  d ispe rsa l 

in th e  m ite  Tetranychus urticae. In th e  s a ltm a rs h - in h a b it in g  ca rab id  beetle 

Pogonus chalceus, p a tte rn s  in w in g  d e v e lo p m e n t appeared to  decrease w ith  

an in c re a s in g  age o f  th e  s a ltm a rsh  [ra n g in g  fro m  5 0 -7 0 0 0  years], p ro b a b ly  

due to  a c o n tin u o u s  e m ig ra tio n  o f  w in g e d  in d iv id u a ls  [D e se n d e r et al.

1998]. In th e ir  s tudy, how ever, th e  o ld e s t and la rg es t s a ltm a rsh  c o n ta in e d  a 

large p o p u la tio n  o f  beetles w ith  w e ll-d e ve lo p e d  w in g s . O u r  f in d in g s  s u p p o rt 

th e  te n ta tiv e  e xp la n a tio n  o f  D esen de r et al. [1998] th a t th e  s ize  o f  th e  s a lt­

m a rsh  se lects a g a in s t th e  loss o f  d ispe rsa l ab ility , because chances o f  

re ach ing  su ita b le  h a b ita t are h igh . In a s im ila r, b u t m u ch  sm a lle r-sca le d  

study, R ich te r [1971] fo u n d  no in flu e n ce  o f  h a b ita t age on th e  d ispe rsa l 

p ro p e n s ity  w ith in  o ffs p r in g  o f  Pardosa a m e n ta ta -c lu tch e s , a lth o u g h  c lu tch es  

w ith  ex trem e large p ro p o r t io n s  o f  b a llo o n in g  s p id e r lin g s  w ere  fo u n d  in a 

yo u n g  p o p u la tio n . V a ria tio n  in o ffs p r in g  b a llo o n in g  d ispe rsa l m ay hence 

re su lt fro m  th e  in te ra c tio n  be tw een age and size o f  th e  h a b ita t. As th e  

g rass land s  w ith in  o u r  s tu d ie d  landscapes are all o ld e r  th a n  2 0 0 0  years 

[B on te  et a l. 20 03a], se lec tio n  in fu n c tio n  o f  h a b ita t age may, in co n tra s t to  

se lec tio n  in response  to  h a b ita t s ize, be m a rg in a lly  im p o rta n t.
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Conclusion
O u r e xp e rim e n ts  revealed th a t p o s tn a ta l p ro x im a te  e ffects [s ta rva tio n ], p re ­

na ta l m a te rn a l e ffec ts  and in n a te  e ffects  in flu e n ce  th e  p e rfo rm a n ce  o f  t ip to e  

b e h a v io u r and th a t h a b ita t fra g m e n ta tio n  can lead to  a decrease in d is p e r­

sal ra tes, p o ss ib ly  because genes, asso c ia ted  w ith  d isp e rsa l w ill d isa p p e a r 

in iso la te d  p o p u la tio n s  [D ie ckm a n n  et al. 1999]. Because m a te rn a l c o n d i­

t io n  and fitn e s s  decrease w ith  an in c re a s in g  degree o f  pa tch  is o la tio n , 

se lec tio n  ag a in s t aeria l d ispe rsa l enhances a m e ch a n ism  o f  r isk  sp re a d in g : 

w hen  h a b ita t fra g m e n ta tio n  leads to  decreased re p ro d u c tiv e  o u tp u t, th e  

loss o f  d ispe rsa l w il l s lo w  do w n  th e  nega tive  p o p u la tio n  g ro w th  because all 

o ffs p r in g  is re ta ined  w ith in  th e  p o p u la tio n . In case re p ro d u c tiv e  o u tp u t is 

h igher, m o re  o ffs p r in g  p o te n tia lly  d ispe rse  o u t o f  th e  na tive  p o p u la tio n , bu t 

w ill have a s m a lle r e ffec t on th e  p o p u la tio n  g ro w th  because o f  th e ir  re la tive ­

ly low  fre q u e n cy  and th e  p resence o f  s u ff ic ie n tly  n o n -d isp e rse rs  s tay in g  

b e h in d . W ith in  one  p o p u la tio n , h a b ita t q u a lity  m ay in flu e n ce  o ffs p r in g  d is ­

persa l in an o p p o s ite  way, and act as a rescue e ffec t fo r  o ffs p r in g  in case 

th e  m a te rn a l h a b ita t is o f  lo w e r qua lity , re s u lt in g  in a lo w e r re s id u a l o f f ­

s p r in g  s ize. As a con seque nce , be h a v io u ra l tra its  n a rro w ly  lin ke d  to  d is p e r­

sal m ay in a d d it io n  to  th e  m o rp h o lo g ic a l de s ig n  o f  species [and p o p u la ­

t io n s ], evo lve  to w a rd s  less m o b ile  p h eno types  in fra g m e n te d  te rre s tr ia l 

ha b ita ts  [Van D yck &  M a tth yse n  1999]. The g e n e tic  basis o f  b a llo o n in g  d is ­

persa l re m a in s , however, to  be u n a m b ig u o u s ly  d e m o n s tra te d  by s tu d ie s  

c o n tro ll in g  fo r  b o th  pre-and p o s tn a ta l c o n d it io n s , b u t even i f  o n ly  m a te rn a l 

e ffec ts  are in vo lve d  at sm a ll g e o g ra p h ic  scales, th e y  ap p e a r to  be th e  m o s t 

ad a p tive  re sponse  s ince  th e y  use in fo rm a t io n  fro m  e n v iro n m e n ta l v a r ia ­

t io n s  m o re  c o m p le te ly  and lead to  o p tim a l d isp e rsa l s tra teg ie s  in fu n c tio n  

o f  th e  h a b ita t q u a lity  and p re d ic ta b ility .
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Abstract
M o b ility  and em ig ra tion  were investigated f o r  the  w o lf  sp ider Pardosa m o n tic o la  

in  grey dune fra g m e n ts  fro m  tw o  h igh-density and  one low -density popu la tion , 

where po pu la tio n  density was re la ted to  pa tch  quality. P itfa ll tra p p in g  in com b i­

n a tio n  w ith  absolute q u ad ra t sam p ling  was applied. O rie n ta tio n  behaviou r was 

a d d itio n a lly  observed in  the  h igh- and low-density patches d u rin g  tw o  periods in 

the  a d u lt life-phase [m a tin g  and  reproduction period]. D une grassland is the  core 

h a b ita t; moss d o m ina te d  vegetation is the  m a tr ix  in  w hich dispersal occurs.

O u r f ie ld  experim ents con firm  the  hypothesis th a t increased activ ities o f  a dune  

w o lf  sp ider in  a low -density h a b ita t result in  h igher e m ig ra tio n  rates. The d iffu ­

sive em ig ra tio n  rates, which are h igher close to  the  pa tch  border, and in trins ic  

m o b ility  w ith in  the  patch, are h igh e r in  the  low -density popu la tion . In the  low- 

density patch, fem a les are even m ore  active tha n  m ales and  em ig ra te  in the  

sam e p roportions as males. Both m ales and  fem a les were no t ab le to  orien ta te  

and  perform  hom ew ard  m ovem ents du ring  the  spring period, in  which vegetation  

he igh t is m ore o r less equa l in  the core h a b ita t [grassland] and the  m a tr ix  [moss 

dune]. In June, no hom ew ard  o rie n ta tio n  was observed in the  h a b ita t pa tch  w ith  

low  q u a lity  and  low  densities [low  vegetation height]. In the  h igh-density patch, 

fem a les b u t no t m ales were able to  p e fo rm  hom ew ard  orien ta tion  behaviou r a t 

distances close to  the  pronounced bo rder between grassland and moss dune. A t 

distances o f  three meters, fem a les orien ta ted  again  random ly.

The p a tte rn  o f  d iffe ren tia ted  hom ew ard  o rie n ta tio n  behav iou r indicates th a t it  

results f ro m  visua l perception o r gender-specific m o tiv a tio n  m echanism s and  

th a t m ales and  fe m a le s  behave in a d iffe ren t way close to  the  h a b ita t border. 

Increased em ig ra tio n  rates as a result o f  h igher sp ider m o b ility  toge the r w ith  the  

absence o f  visually o r ie n ta tio n  tow ards the  pa tch  bo rder suggest the  presence o f  

an  A llee effect in  low -density patches.

Keywords: A lle e  e ffec t, d isp e rsa l, f ie ld  e xp e rim e n t, Pardosa m o n tico la , sexual v a r ia tio n
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In troduction
A  key fa c to r d r iv in g  th e  d yn am ics  o f  sp a tia lly  s tru c tu re d  p o p u la tio n s  is th e  

a b ility  o f  o rg a n ism s  to  m ove  be tw een sp a tia lly  separa ted  h a b ita t pa tches 

[Z ö lln e r &  L im a  1999]. A t p resen t, be hav iou ra l m e ch a n ism s  u n d e rly in g  such 

m o ve m e n ts  are p o o rly  kno w n , espec ia lly  fo r  n o n -ve rteb ra te  taxa. M a ny  m o d ­

els do  assu m e  ra n d o m  w a lks , how ever o ften  because o f  m e th o d o lo g ica l 

s im p lic ity  ra th e r th a n  b io lo g ica l re levance [L im a  &  Z ö lln e r 1996]. Such 

m e ch a n ism  m ay n o t be ap p lica b le  to  a large set o f  species fo r  w h ich  d is p e r­

sal and m o ve m e n t invo lve  at least som e  e le m e n t o f  d e c is io n -m a k in g  [L im a 

&  Z ö lln e r  1996]. N o n -d ire c tio n a l [i.e. d iffu s ive ] m o ve m e n t be h a v io u r can be 

p a rtic u la r ly  cos tly  in  h ig h ly  fra g m e n te d  landscapes w he re  it m ay p reven t d is ­

persers fro m  lo c a tin g  su ita b le  h a b ita t fo r  fe e d in g  and fu tu re  re p ro d u c tio n . A t 

th e  sam e tim e , extended m o ve m e n ts  across a n o n -su ita b le  [i.e. ‘h o s tile ’] 

m a tr ix  m ay p rovoke  s u b s ta n tia l p re d a tio n  risk  [K isd i 2 0 0 2 ]. O ne  m ay th e re ­

fo re  expect na tu ra l se lec tio n  to  fa v o u r m e ch a n ism s  th a t increase an o rg a n ­

is m s ’ a b ility  to  recogn ize  su ita b le  h a b ita t pa tches and m in im is e  un p la n n e d  

o r unexpected e m ig ra tio n  in ce rta in  stages o f  its  life  cycle [Freake 1998].

In w o l f  sp id e rs  and re la ted  fa m ilie s , c u rso ria l d ispe rsa l re flec ts  th e  m o s t 

im p o r ta n t m o d e  o f  m o v e m e n t and d isp e rsa l [B on te  &  M a e lfa it 2001; K re ite r 

& W is e  2001; H ensche i 2 0 02 ; M o rse  20 02 ]. It is lin ked  to  th e  overa ll pa tte rn  

o f  h igh  cu rso ria l a c tiv ity  in th is  g ro u p  o f  a r th ro p o d s  [B on te  et al. 2003c], 

m a in ly  re la ted  to  m a te  se a rch in g  b e h a v io u r in m a les and fo ra g in g  behav­

io u r  in g rav id  fem a les  [B aert &  M a e lfa it 1975]. C ost o f  c u rso ria l d ispe rsa l in 

sp id e rs  is on average lo w  a lth o u g h  m o r ta lity  can be s u b s ta n tia lly  h igh  in 

p o p u la tio n s  w ith  h igh  d isp e rsa l ra tes [M o rse  1997]. C u rso ria l a c tiv ity  is ge n ­

e ra lly  assu m ed  to  be h ig h e r in m a les th a n  in fem a les , and th is  p a tte rn  is 

be lieved to  exp la in  th e  w id e sp re a d  m a le  b ias in p itfa ll records o u ts id e  o p t i­

m a l h a b ita t [B on te  &  M a e lfa it 2001]. M a le -b ia sed  d ispe rsa l can be p re d ic te d  

w hen  loca l m a te  c o m p e tit io n  exceeds re sou rce  c o m p e tit io n , fo r  in s ta n ce  in 

p o lyg ynou s  o r  p ro m is c u o u s  m a tin g  sys tem s w he re  fe m a le  f itn e s s  is lim ite d  

by in tr in s ic  fa c to rs  [P errin  &  M a za lo v  2 0 0 0 ]. In absence o f  m e ch a n ism s  o f  

p a tch  re c o g n itio n  and h o m e w a rd  o r ie n ta t io n , h igh  levels o f  c u rso ria l m o b il­

ity  m ay increase chances o f  d iffu s e  pa tch  e m ig ra tio n , esp ec ia lly  w hen  h a b i­

ta t  b o u n d a rie s  are s m o o th  [K uussaari et a l. 1998]. A t p resen t th e re  is a c r it i-
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cal lack o f  e m p ir ic a l s tu d y  on m e ch a n ism s  o f  d isp e rsa l and o r ie n ta t io n  in 

in ve rte b ra te s , and p a rtic u la r ly  on th e  lin k  w ith  p o p u la tio n  p a tte rn s  a t a 

land scape  level.

In th is  s tu d y  w e te s t w h e th e r o r ie n ta t io n  b e h a v io u r in w o l f  sp id e rs  Pardosa 

m o n tico la  [C le rck 1757] can exp la in  th e  observed  m a le -b ia sed  d ispe rsa l 

across th e  n o n -su ita b le  m a tr ix  [m oss dune ] and w h e th e r it  can co m p e n sa te  

e m ig ra tiv e  d if fu s io n  due  to  h igh  c u rso ria l ac tiv ity . O n  th e  m o ss -d u n e , s p i­

de rs are exposed to  h igh  te m p e ra tu re s , a lo w  h u m id ity  and very lo w  o r 

absen t p rey a v a ila b ility  d u r in g  s u m m e r [P ro vo o s t et al. 2 0 02 ; B onte , u n p u b . 

da ta ]. P rev ious s tu d ie s  [e.g. M o rse  2 0 02 ] sho w e d  th a t o r ie n ta t io n  in 

species o f  th is  genus is m a in ly  v isua l-base d , a lth o u g h  use o f  a s tro n o m ic a l 

cues [Papi 1955; Papi &  S yrjäm äki 1963, b o th  c ited  in M o rse  2 0 0 2 ], ch e m ica l 

cues [e.g. so il ch e m is try  o r  he rb  v o la t ile  c o m p o u n d s ] o r  e ffec ts  o f  exp e ri­

ence [M o rse  2 0 0 2 ] have been sug ges te d . H a b ita t qua lity , re flec ted  by g rass ­

land h e ig h t and p o p u la tio n  density , is th e  p r im a ry  fa c to r a ffe c tin g  loca l p o p ­

u la t io n  dyn a m ics  [B on te  et al. 2003c]. W e hyp o the s ise  th a t c u rso ria l a c tiv ity  

is lo w e r in h ig h -d e n s ity  h a b ita ts  and th a t th is  re su lts  in lo w e r d if fu s io n  rates 

th ro u g h o u t th e  season.

M ateria l and methods

•  Study species

The W o lf  sp ide r, Pardosa m o n tico la , a w id e sp re a d  species in E urope and 

A s ia , ty p ic a lly  occu rs  in s h o rt and o lig o tro p h ic  g rass land s  and h e a th lan d  

[W iebes &  Den H o lla n d e r 1974; A ld e rw e ire ld t &  M a e lfa it 1990]. In F lem ish  

and D u tch  coasta l d u nes , th e  species p re fe rs  grey du n e  g rass land , grazed 

by ra b b its  and yo u n g  du n e  slacks w ith  a m o d e ra te  ve g e ta tio n  coverage, 

w he re  it  is kno w n to  su rv ive  pe rio d s  o f  f lo o d in g  d u r in g  w in te r  [Van d e r A a rt 

1975; M a e lfa it et al. 1989; B on te  and M a e lfa it 2001]. D ue to  its  re g iona l 

scarcity, th e  species is lis ted  on th e  F lem ish  Red L is t o f  en dangered  sp ide rs  

[M a e lfa it et al. 1998]. D u rin g  w in te r, P. m o n tico la  re trea ts  in  ju v e n ile  o r 

su b a d u lt in s ta rs  in ro u g h , l it te r -r ic h  ve g e ta tio n . M a les have been observed
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to  d iffu se  c u rs o r ia lly  on g rey du nes  w ith  d iffe re n t a m o u n ts  o f  bare sand 

[B on te  &  M a e lfa it 2001]. The species is th e  o n ly  Pardosa w ith in  th e  h a b ita t 

and, as o th e r  species fro m  th is  genus, c u rso ria l, n o m a d ic  and n o n - te r r ito r i­

al [M o rse  1997; B on te  &  M a e lfa it, pers. obs.J. Because o f  th e  n o n -te rr ito r ia l 

behav iou r, m o ve m e n ts  o f  in d iv id u a ls  [e.g. m a les ] o n ly  de pend  on d e c is io n ­

m a k in g , based on c r ite r ia  as ve g e ta tio n  fea tu re s , m ic ro c lim a te  and m a te  

a v a ila b ility  and n o t on in te rs p e c if ic  a n ta g o n is tic  re a c tio n s . B a llo o n in g  d is ­

persa l occu rs  ra re ly  [B on te  et al. 2 0 03d ] and o n ly  d u r in g  p e rio d s  o f  fo o d  

sh o rta g e  in th e  early  ju v e n ile  in s ta rs  [B on te  &  M a e lfa it 2001].

Field experim ent

F ie ld w o rk  w as c o n d u c te d  in a coasta l grey du n e  area near C hyve lde , France 

[5 i°0 3 ’ N , 2°33’ E] c o n s is t in g  o f  g rass land  pa tches w ith  lo w  grass and sedge 

sw ard  in te rsp e rse d  by m o ss -d o m in a te d  du nes  [de ta ils  in P rovo os t et al. 

2 0 0 2 ]. For o u r  e xp e rim e n t w e se lected  th re e  sm a ll g rass land  pa tches [0 .28  - 

0 .36  ha], s u rro u n d e d  by m oss du nes  and separa ted  by p a irw ise  d is ta nces  o f  

243-335 m - A s m a x im a l c u rso ria l d isp e rsa l d is ta nces  o f  P. m o n tico la  on 

m oss du nes  are e s tim a te d  at 150 m fo r  m a les and 280  m fo r  fem a les  [and 

average less th a n  130 m fo r  b o th  sexes; B on te  et al. 2003c ], th e  se lected 

g rass land  pa tches co u ld  be co n s id e re d  as s u ff ic ie n tly  separa ted , w ith  n e g li­

g ib le  m o v e m e n t in te rfe re n ce  be tw een th e  pa tches.

W e co n d u c te d  s ta n d a rd ize d , b i-w eek ly  c o u n ts  be tw een M ay is t  and June 

14th 2 0 0 0  in 30 1m 2 q u a d ra ts  ra n d o m ly  p laced in each o f  th e  th re e  g rass­

land pa tches, and analysed th e  co u n ts  by G enera lized  L ine a r M o d e ls  w ith  

n u m b e rs  o f  fem a les  and m a les as re sponse  va ria b le  [P o isson  d is tr ib u te d ] 

and pa tch , sex, and s a m p lin g  p e rio d  as fa c to rs . E s tim a te d  d e n s itie s  pe r 

pa tch  w ere  0 .43 in d . /m 2 [fu r th e r  re fe rred  to  as lo w  d e n s ity  p o p u la tio n  L],

1.23 in d . /m 2 and 1.66 in d . /m 2 [fu r th e r  re fe rred  to  as h igh  d e n s ity  p o p u la ­

t io n s  H i and H 2, re spective ly ]. D ens itie s  d iffe re d  be tw een pa tches 

[F2 333=103.22; P < o .o o o i] and  changed  o ve r th e  cou rse  o f  th e  s a m p lin g  

pe rio d  [F ^  333=13.90; P < o .o o o i]  in a d iffe re n t w ay fo r  m a les and fem a les 

[p e r io d *s e x  in te ra c tio n : F^ 333=33.21; P < o .o o o i[.  Sex ra tio s , ca lcu la ted  as 

th e  ra te o f  m a x im a l m a le  d e n s ity  [second h a lf  o f  M ay] o ve r m a x im a l fe m a le
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d e n s ity  [second decade o f  June] w ere  1.27, 1.04 and 1.09 in p o p u la tio n s  L,

H i and H 2  respective ly . N o n e  o f  the se  ra tios  s ig n if ic a n tly  d iffe re d  fro m  1 

[X2 -tests : a ll P >  0 .0 5 ]. In May, average grass h e ig h t in  a ll pa tches w as 5 cm  

and d id  n o t exceed m o ss  h e ig h t in th e  d u n e  zone . In June, grasses w ere  3-5 

cm  ta lle r  th a n  th e  s u r ro u n d in g  m oss d u n e  in th e  lo w -d e n s ity  pa tch  L and 5- 

2 0  cm  ta lle r  in th e  tw o  h ig h -d e n s ity  pa tches H i and H 2.

Between 1 M ay and 14 July 2 0 0 0 , row s o f  th re e  p itfa ll tra p s  [d ia m e te r o f  4 

cm ] w ere  placed in th e  cen tre  o f  each g rass land  pa tch  [‘core h a b ita t’], a t 3 m 

and at 10 m fro m  th e  g rass land  edge w ith in  th e  m o ss -d o m in a te d  m a trix . A ll 

tra p s  w ere e m p tie d  every second w eek. As p itfa ll cap tu re s  re flec t b o th  levels 

o f  a c tiv ity  and o f  p o p u la tio n  de n s ity  [B aert &  M a e lfa it 1975], unb iased  pe riod  

sp e c if ic  m o b ility  e s tim a te s  [w ith in  and be tw een g rass land  pa tches] w ere 

o b ta in e d  by d iv id in g  th e  n u m b e r o f  tra p p e d  m a les and fem a les  a fte r each b i­

w eekly  s a m p lin g  pe riod  by th e ir  m ean de n s ity  in th e  core h a b ita t [es tim a ted  

inde pen den tly , see above] at th e  s ta rt o f  th e  sam e b i-w eek ly  s a m p lin g  pe riod . 

H ence, th is  ra tio  in d ica tes  th e  n u m b e r o f  in d iv id u a ls  ca p tu re d  re la tive  to  the  

p a tch -sp e c ific  p o p u la tio n  density . In th e  core h a b ita t, th e  va lue  is a m easure  

o f  th e  a c tiv ity ; w ith in  th e  m a trix  it  rep resen ts  e m ig ra tio n  rates.

Betw een 14-16 M ay 2 0 0 0  and 18-20 June 2 0 0 0 , a to ta l o f  72 p itfa ll tra p s  

[d ia m e te r o f  4  cm ] w ere  p laced in c irc u la r  p lo ts  [ra d ius  o f  70 cm  and w ith  

one  tra p  every 5 degrees] a ro u n d  each o f  fo u r  re le as ing  p o in ts  at th e  th re e  

pa tches: [i] a t th e  cen tre  o f  each pa tch , [ii] a t th e  pa tch  edge, [iii] a t 1 m 

fro m  th e  edge; and [iv] a t 3 m fro m  th e  edge. E xpe rim en ta l p e rio d s  c o in c id ­

ed w ith  tw o  d is t in c t  re p ro d u c tiv e  stages, i.e. m a tin g  [pe ak ing  in M ay] and 

egg p ro d u c t io n  [p e ak ing  in June] [B on te  &  M a e lfa it 2001]. A ll exp e rim e n ta l 

in d iv id u a ls  w ere  co llec te d  d u r in g  th e  m o rn in g  p re ce d in g  each e xp e rim e n t 

and m a rked  w ith  one co lo u re d  p a in t d o t on th e  cauda l pa rt o f  th e  p ro so m a . 

In May, o n ly  sp ide rs  fro m  th e  loca l pa tch  p o p u la tio n s  w ere  te s te d . Because 

in d iv id u a l d is ta nces  covered  w ith in  each pa tch  are s u ff ic ie n tly  large to  

in d u ce  ‘ed ge ’ e ffec ts  in sm a ll g rass land  re m n a n ts  [B on te  e t al. 2003c ], we 

c o m p le m e n te d  the se  in d iv id u a ls  by in d iv id u a ls  fro m  a p o p u la tio n  in a d is ­

ta n t du n e  area [W esthoek N a tu re  Reserve, 3.2 km  away], w h ic h  w ere  m arked  

w ith  a d iffe re n t c o lo u r  code. A fte r  m a rk in g , in d iv id u a ls  w e re  re leased in
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g ro u p s  o f  1-5 in d iv id u a ls  at th e  cen tre  o f  each c irc u la r p lo t and p itfa lls  w ere 

checked every 30 m in u te s . T rapped in d iv id u a ls  w e re  rem oved  fro m  the  

e xp e rim e n t, w hereas n o n -tra p p e d  in d iv id u a ls  w ere  re leased in th e  sam e o r 

a n o th e r e xp e rim e n ta l p lo t t i l l  30-50 in d iv id u a ls  w ere  ca p tu re d  pe r p lo t, 

re s u lt in g  in a to ta l o f  1572 e xp e rim e n ta l in d iv id u a ls . For each in d iv id u a l, th e  

d ire c tio n  o f  m o v e m e n t be tw een p o in ts  o f  re lease and o f  ca p tu re  was 

re co rde d , w ith  o °  as re fe rence fo r  th e  s h o rte s t p o ss ib le  o r ie n ta t io n  re la tive  

to  th e  g rass land  pa tch . The sam e o °-d ire c tio n  w as re ta ined  in exp e rim e n ts  

in th e  co re  h a b ita t and at th e  edge o f  th e  g rass land .

Statistical analysis

E stim a tes o f  m o b ility  [see above] a p p roa ched  n o rm a lity  a fte r L n -tra n s fo rm a - 

t io n . D ata w ere  analysed by M ixed M o d e ls  [SAS ve rs io n  8.1] w ith  g rass land  

pa tch , d is ta n ce  fro m  pa tch  edge and sex as fixed fa c to rs . R esults fro m  th e  

o r ie n ta t io n  e xp e rim e n t w ere  analysed w ith  c irc u la r  s ta t is t ic s  [Z a r 1994]. For 

each e xp e rim e n t, th e  m ean ang le  [p], a n g u la r d is p e rs io n  [r], c irc u la r s ta n ­

da rd  d e v ia tio n  and 95%  co n fid e n ce  w ere  ca lcu la ted . R ayle igh ’s tes ts  w ere 

used to  te s t fo r  c irc u la r u n ifo rm ity  [d ire c tio n a l versus ra n d o m  m o ve m e n t].

In th e  case o f  c irc u la r  u n ifo rm ity , v a r ia tio n  in o r ie n ta t io n  be tw een sexes and 

p o p u la tio n s  w as te s te d  w ith  W a ts o n -W illia m s  F-tests. These te s ts  co m p a re  

th e  le n g th s  o f  th e  m ean ve c to rs  fo r  each sa m p le  w ith  th a t fo r  th e  poo led  

da ta  o f  th e  tw o  sam p les  [Z a r 1994].
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Results
Variation in m obility

Levels o f  m o b ility  d iffe re d  s ig n if ic a n tly  be tw een g rass land  pa tches, p e riods  

and sexes, and  va ried  s ig n if ic a n tly  w ith  d is ta n ce  to  th e  g rass land  edge 

[Table 111.7-1]. In th e  h ig h -d e n s ity  pa tches, m o b ility  w as h ig h e r fo r  m a les 

[6 .82±2 .97  ca p tu re d  s p id e rs /p a tc h  p o p u la tio n  d e ns ity ] th a n  fo r  fem a les  

[3.93+3.28 ca p tu re d  s p id e rs /p a tc h  p o p u la tio n  d e ns ity ]. O n ly  in th e  lo w -d e n ­

s ity  pa tch , fe m a le  m o b ility  w as s lig h tly  h ig h e r [27.38±2.77 ca p tu re d  s p i­

d e rs /p a tc h  p o p u la tio n  de ns ity ] th a n  th o se  fo r  m a les [22 .87±5.20  ca p tu re d  

s p id e rs /p a tc h  p o p u la tio n  d e n s ity ], e x p la in in g  th e  in te ra c tio n  be tw een sex 

and pa tch . W ith in  g rass land  pa tches, m o b ility  w as s ig n if ic a n tly  h ig h e r in 

p o p u la tio n  L co m p a re d  to  th e  h ig h -d e n s ity  pa tches H i and  H 2, w ith  th e  la t­

te r  tw o  b e in g  n o t s ig n if ic a n tly  d iffe re n t [F ig. I I I .7-1]. Levels o f  m o b ility  

decreased w ith  in c re a s in g  d is ta n ce  to  th e  g rass land  edge and w e re  always 

lo w e r in th e  d u n e  m a tr ix  c o m p a re d  to  th e  g rass land  pa tch  [F ig. I I I .7-2].

Table III.7-1 - Effects o f grassland patch, sex, and distance from grassland edge on levels o f cursorial mobility 

in P. monticola. See text for details.

Factor Num df Den d f F P

Patch 2 262 64.64 <0.0001

Distance 2 262 64.50 <0.0001

Sex 1 262 4.21 0.042

Patch X Distance 4 258 1.09 0.364

Patch X Sex 2 262 3.07 O .O 4 9

Distance x Sex 2 256 0.17 0.845

Patch x Distance x Sex 4 252 0.51 0.729
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Fig. III.7-1: Levels o f cursorial mobility by male and female P. monticola in three grassland patches differing in 

population density; L= low density, H i and H2 = high density [see text for details].
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fe m a le s

3  m e t e r s  1 0  m e t e r s

Fig. 111.7-2: Levels o f cursorial mobility by male and female P. monticola in the core habitat and at three and 

ten meters from the grassland edge in the moss matrix outside the core habitat.
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Variation in hom ew ard orientation

R esults o f  th e  o r ie n ta t io n  e xp e rim e n ts  are s u m m a ris e d  in Table I I I .7-2. In 

th e  f irs t  e xp e rim e n t [M ay], m o v e m e n t ang les d id  n o t d if fe r  fro m  a pa tte rn  

expected u n d e r ra n d o m  m o v e m e n t fo r  b o th  m a les and fem a les . In th e  sec­

o n d  p e rio d  [June], fe m a le s  fro m  th e  h ig h -d e n s ity  pa tch  show ed  d ire c tio n a l 

m o v e m e n t w hen  re leased at th e  b o rd e r o r  at 1 m fro m  th e  edge, in d e p e n d ­

e n tly  o f  re p ro d u c tiv e  s ta tu s  o r  p o p u la tio n  o f  o r ig in  [i.e. loca l versus d is ta n t] 

[F ig. I I I .7-3]. A ng les  o f  m o v e m e n t o f  the se  in d iv id u a ls  d id  n o t s ig n if ic a n tly  

d if fe r  fro m  o°. In c o n tra s t, fe m a le  m o ve m e n ts  w e re  n o t d iffe re n t fro m  ra n ­

d o m  w hen  re leased in th e  pa tch  o r  at 3 m fro m  th e  edge, n o r fo r  fem a les  in 

th e  lo w -d e n s ity  pa tch  [all lo ca tio n s ] and fo r  m a les in b o th  h igh - and low - 

d e n s ity  pa tches [all lo ca tio n s ]. F u rth e rm o re , in lo ca tio n s  w he re  d ire c tio n a l 

m o v e m e n t w as observed  [i.e. a t g rass land  edge and at 1 m d is ta n ce ], m ean 

d ire c tio n s  o f  m o v e m e n t d id  n o t d if fe r  be tw een fem a les  w ith  o r  w ith o u t egg 

sacs [edge: Fn ^ = 0 .0 0 2 ;  1 m : Fn = 0 .6 7 ; a ll P >  0 .0 5 ]. L ikew ise , no d if fe r­

ences o ccu rre d  be tw een loca l and n o n -loca l in d iv id u a ls  [edge: Fn ^ g =  0 .6 6 ;

1 m : Fn g ^ o .0 0 2 ;  NS].



Fig. 111.7-3: Histograms depicting the results o f orientation experiments for male and female P. monticola released 

at different distances from grassland patches: [a-b] at grassland centre; [c-d] at grassland edge; [e-f]: at 1 m from 

edge; [g-h]: at 3 m from edge]; left panels: males, right panels: females.
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Table III.7-2 - EfTects o f period, location, sex, reproductive status, and population o f origin on the level o f home­

ward orientation in P. monticola, n = number o f individuals; p = mean angle o f movement [with 95% confidence 

intervals in case o f directional movement]; r = angular dispersion; Rayleigh test for directional movement, *  

P<o.05; * *  Pco.oi; Fern -  eggs = females without eggsacs; Fern +eggs = females with eggsacs; native = individuals 

from local population; foreign = individuals from distant population. See text for details.

Patch Period Sex -reproductive 

status [population]

Circle N p [95% conf. int.] r

High density May Males [native] Patch 43 348.63o 0.14

Border 50 137.81o 0.17

i  meter 74 323.83o 0.10

3 meter 47 351.06o 0.16

Fem -eggs [native] Patch 49 277.12o 0.13

Border 57 356.40o 0.19

i  meter 57 346.31o 0.20

3 meter 33 305.38o 0.04

June Males [native] Patch 38 89.81o 0.13

Border 19 46.70o 0.24

i  meter 16 16.39o 0.37

3 meter 20 294.82o 0.18

Fem -eggs [native] Patch 24 233.10o 0.05

Border 22 13.80o [21.96o] 0 .6 6 **

i  meter 24 340.01o [38.83o] 0.39*

3 meter 21 267.57o 0.08

Fem +eggs [native] Patch 20 271.54o 0.18

Border 22 12.66o [40.83o] 0 .40*

i meter 28 326.50o [39.01o] 0.37*

3 meter 20 298.56o 0.14

Males [foreign] Patch 20 244.03o 0.25

Border 23 287.94o 0.14

i  meter l8 175-13° 0.12

3 meter 15 2.96o 0.07

Fem -eggs [foreign] Patch l6 70.71o 0.14

Border l8 359.46o [38.03o] 0 .46*

i  meter 17 358.00o [34.22o] ° -53*
3 meter H 261.00o 0.34

Fem +eggs [foreign] Patch 21 70.47o 0.15

Border 17 359-33° [37-67°] 0.48*

i meter 17 11.79° [39-2i°] 0.45*

3 meter 17 284.28° 0.18



Patch Period Sex -reproductive 

status [population]

Circle N [95% conf. int.] r

Low density May Males [native] Patch 50 137-44° 0.16

Border 50 22.13° 0.13

i meter 44 167.56° 0.09

3 meter 46 278.66° 0.18

Fem -eggs [native] Patch 34 213.12° 0.19

Border 37 67.09° 0.09

i meter 43 110.56° 0.18

3 meter 34 202.78° 0.14

June Males [native] Patch 40 23.23° 0.16

Border 30 321.71° 0.11

i meter 29 117.09° 0.22

3 meter 18 216.17° 0.19

Fem -eggs [native] Patch 33 23.50° 0.09

Border 23 59-37° 0.16

i meter 29 138.12° 0.20

3 meter 31 229.75° 0.11

Fem +eggs [native] Patch 34 67.81° 0.21

Border 22 276.74° 0.08

i meter 18 310.45° 0.15

3 meter 30 58.08° 0.19

Discussion

To e s tim a te  ra tes o f  c u rso ria l a c tiv ity  in core  h a b ita t and d iffu se  e m ig ra tio n  

a t h a b ita t edges, w e c o m b in e d  tra d it io n a l d e n s ity  e s tim a te s  w ith  exp e ri­

m e n ta l ca p tu re -re ca p tu re  da ta . O u r  re su lts  c o n firm  th e  h yp o the s is  th a t 

increased c u rso ria l a c tiv ity  in  lo w -d e n s ity  h a b ita t, cha rac te rised  by low  vege- 

ta t io n  h e ig h t and hence p o o r q u a lity  [B on te  et a l. 2003c ], re su lts  in 

increased e m ig ra tio n  ra tes by P. m o n tico la . As is gene ra lly  th e  case in n a tu ­

ral p o p u la tio n s , pa tch  q u a lity  and  p o p u la tio n  de n s ity  covary. H ence , w ith ­

o u t a m o re  c o m p le x  e xp e rim e n ta l de s ig n  w e c a n n o t d is c r im in a te  be tw een 

bo th  e ffec ts . D iffu s ive  e m ig ra tio n  rates w e re  h ig h e s t c lose  to  th e  pa tch  b o r­

der, w h ile  b o th  e m ig ra tio n  and c u rso ria l a c tiv ity  in core  h a b ita t w as h ig h e r 

in th e  lo w -d e n s ity  p o p u la tio n . B o th  ra tes fu r th e r  show ed  s u b s ta n tia l te m p o ­

ral v a r ia tio n . W e d id  n o t f in d  ev idence  fo r  h o m e w a rd  o r ie n ta t io n  by m a les
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and fem a les  d u r in g  May, w hen  g rass land  h e ig h t ap p ro a ch e d  th a t o f  th e  

m o ss  d u n e  m a trix . In June, no h o m e w a rd  o r ie n ta t io n  w as observed  in th e  

lo w -d e n s ity  pa tch . In th e  h ig h -d e n s ity  pa tch , how ever, fe m a le s  b u t no t 

m a les sho w e d  ev idence  o f  h o m e w a rd  o r ie n ta t io n  c lose  to  th e  g rass land - 

m o ss  d u n e  e co tone . A t d is ta nces  o f  th re e  m e te rs  fro m  th e  g rass land  edges, 

however, fe m a le s  to o  show ed  ra n d o m  m o ve m e n ts . The observed  p a tte rn  o f  

h o m e w a rd  o r ie n ta t io n  suggests  th a t it re su lts  fro m  v isu a l p e rce p tio n  w ith  

m a les and fem a les  d if fe r in g  in p e rce p tio n  a b ility  o r  fro m  sex-spec ific  m o t i­

v a tio n s  to w a rd s  th e  core h a b ita t.

Increased c u rso ria l a c tiv ity  in a rth ro p o d s  in h a b it in g  lo w  q u a lity  h a b ita t was 

p re v io u s ly  d e m o n s tra te d  by K indva ll e t al. [1998] [c ricke t] and K re ite r &

W ise  [2001] [sp id e r], and assu m ed  to  be an a d a p ta tio n  to  lo w  m a te -lo ca tio n  

p ro b a b ilit ie s  u n d e r lo w  p o p u la tio n  d e n s ity  [K indva ll e t a l. 1998], o r  to  re flec t 

c o n d it io n s  o f  fo o d  re s tr ic tio n  [K re ite r &  W ise  2001]. In p o p u la tio n s  w ith  

h ig h ly  c o n tra s tin g  b o u n d a rie s , increased levels o f  c u rso ria l a c tiv ity  do  n o t 

enhance  th e  risk  o f  leav in g  a p re fe rred  h a b ita t pa tch , a lth o u g h  en e rge tic  

costs  can be h igh  [M o rse  1997]. In open h a b ita ts  th a t are s m o o th ly  c o n ­

nected  to  n o n -s u ita b le  m a trice s , however, increased levels o f  m o b ility  m ay 

lead to  h ig h e r e m ig ra tio n  ra tes, hence in c re a s in g  th e  r is k  o f  A lle e  e ffects  in 

lo w  d e n s ity  p o p u la tio n s  [K uussaari et al. 1998; T h o m a s  &  K un in  1999]. In 

o u r  study, e m ig ra tio n  across th e  m o ss  d u n e  m a tr ix  is a d d it io n a lly  assum ed 

to  increase m o r ta lity  because o f  th e  absence o f  p rey and le tha l m ic ro c lim a - 

to lo g ic a l c o n d it io n s  in th is  m a tr ix  [B on te  et a l. 2002e ].

R esults fro m  o u r  e xp e rim e n t c o n firm  e a rlie r f in d in g s  th a t d ispe rsa l in P. 

m o n tico la  is ge ne ra lly  m a le -b iased  [B on te  &  M a e lfa it 2001]. Even in absence 

o f  m a le -b iases in sex ra tio s , loca l c o m p e tit io n  fo r  m a tes [P errin  &  M a za lov  

2 0 0 0 ] m ay cause such d ispe rsa l p a tte rn  g iven  th a t m a le  P. m o n tico la  p e r­

fo rm  m u lt ip le  m a tin g  u n d e r la b o ra to ry  c o n d it io n s  [B on te  &  M a e lfa it, 

u n p u b . da ta ]. A s ge n e tic  d iv e rs ity  in th is  species is n o t lo w e r in lo w  q u a lity  

pa tches [B on te  et a l. 2003c], in b re e d in g  avo id ance  [sensu P errin  &  M a za lo v  

1999; Perrin  &  M a za lo v  2 0 0 0 ] m ay p ro b a b ly  n o t tr ig g e r  th e  h ig h e r d ispe rsa l 

ra tes in lo w -d e n s ity  h a b ita t. U n d e r low  p o p u la tio n  density , c u rso ria l a c tiv ity  

by fe m a le  P. m o n tico la  exceeded th a t by m a les, as in d ica te d  by th e



se x *p a tch  in te ra c tio n . D u r in g  late s p r in g  and early  su m m e r, w hen  prey 

a v a ila b ility  is c r itic a l fo r  re p ro d u c tio n  [K re ite r &  W ise  2001], p rey a b unda nce  

decreases s u b s ta n tia lly  in grey du nes  w ith  p o o r so il d e v e lo p m e n t and low  

v e g e ta tio n  he ig h t, bu t n o t in g rass lands w ith  a w e ll-d eve lop ed  o rg a n ic  so il 

layer [B on te  et al. 2002e ]. Increased m o b ility  and e m ig ra tio n  rates in th e  fo r ­

m e r hence suggests  th a t resource  c o m p e tit io n  [P errin  &  M a za lov  2 0 0 0 ] m ay 

tr ig g e r  th e  observed bias to w a rd s  fe m a le  d ispe rsa l d u r in g  th a t pe riod .

H ig h e r e m ig ra tio n  rates re s u ltin g  fro m  increased m a te  lo ca tio n  p robab ly  

o n ly  h o ld  fo r  a d u lt m a les s ince  th e ir  activ ity , b u t n o t th a t o f  fem a les , is 

s tro n g ly  re la ted to  m a te  seek ing  [M a e lfa it &  Baert 1975]. Fem ale a c tiv ity  is 

m a in ly  re la ted to  th e  d e p o s itio n  and in c u b a tio n  o f  egg sacs and to  fee d ing  

a c tiv ity  fo r  egg p ro d u c tio n  [M a e lfa it &  Baert 1975], and as such , increased 

a c tiv ity  m ay re su lt fro m  increased se a rch ing  fo r  o p tim a l h a b ita t [H u m p h re ys  

1987]. In th e  lo w -d e n s ity  pa tch , ve g e ta tio n  s tru c tu re  is less co m p le x  and can 

p o ss ib ly  re su lt in  few e r o p tim a l m ic ro h a b ita ts  fo r  egg in cu b a tio n  as sp ide rs  

have few e r o p p o rtu n it ie s  to  o r ie n ta te  the m se lve s  on th e  ve g e ta tio n  in an 

idea l p o s it io n  to w a rd s  th e  ch a n g in g  in c lin a tio n  o f  sun ra d ia tio n .

P oor ho m ew ard  o r ie n ta t io n  behav iou r by fem ales m ay increase th e  p ro b a b ili­

ty  o f  pa tch e m ig ra tio n , in p a rtic u la r i f  pa tch bounda ries  are s m o o th  due to  

sm a ll veg e ta tio n  d iffe rences w ith  th e  s u rro u n d in g  m a trix . As show n by ou r 

experim en ts , P. m on tico la  fem ales show ed ho m ew ard  o r ie n ta t io n  c lose to  the  

b o rd e r o f  th e  h ig h -d e n s ity  pa tch in a p e riod  w hen  g rass land he ig h t su b s ta n ­

tia lly  exceeded th a t o f  th e  m a trix , su g ges ting  th e  use o f  v isua l cues ove r sh o rt 

d is tances. How ever, chem ica l cues fro m  veg e ta tio n  o r so il can no t a p r io ri be, 

and w o u ld  be a va lid  a lte rn a tive  i f  fu ll-g ro w n  herbs p roduce  o lfa c to ry  cues d if ­

fe re n t fro m  th o se  o f  low, fresh  herbs and m osses. C on tra ry  to  ea rlie r fin d in g s  

by M orse  [2002] fa m ilia r ity  w ith  th e  area, d id  n o t a ffect th e  a b ility  o f  h o m e ­

w ard  o r ie n ta t io n  in o u r study, a lth o u g h  w e can assum e th a t in d iv id u a ls  o ften  

experience excurs ions o u ts id e  th e  core hab ita t, necessary fo r  th e  s tim u la tio n  

o f  h o m in g  behav iou r [C on rad i et al. 2 0 0 0 ; C o n rad i et a l. 2001].

The ob served  d iffe re n ce  in o r ie n ta t io n  b e h a v io u r be tw een sexes m ay have 

re su lte d  fro m  d iffe re n t p e rce p tio n  a b ilit ie s  to w a rd s  s tru c tu ra l co n tra s t at 

th e  h a b ita t bounda ry , fro m  d iffe re n t levels o f  m o tiv a t io n , o r  fro m  b o th .

L a c k  o f  h o m e w a r d  o r i e n t a t i o n  a n d  i n c r e a s e d  m o b i l i t y  r e s u l t  i n  h i g h  e m i g r a t i o n  r a t e s  f r o m  l o w - q u a l i t y  f r a g m e n t s
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D iffe re n tia l response by m a les and fem ales  to  h a b ita t cues [resource a va il­

a b ility  fo r  m ales and fem ales, s tru c tu ra l con tras ts  at h a b ita t bounda ry ] and 

socia l cues [co m p e tin g  m ales, m a le ha rassm e nt to  fem a les] m ay cause d iffe r­

en t o r ie n ta t io n  b e hav iou r between th e  sexes. S ince ad u lt m a le  ac tiv ity  is 

m a in ly  re la ted to  m a te  loca tio n  and less so to  fo rag ing , m ales bu t no t 

fem ales m ay succeed in c o n tin u in g  m a te  seeking behav iou r across the  

m a trix , and by d o in g  so, increase th e ir  chances o f  reach ing  o th e r p o p u la tio n s  

in th e  n e ig h b o u rh o o d . Costs o f  d iffu s ive  e m ig ra tio n  in a heavily  fra gm e n ted  

landscape may, indeed, be very h igh  fo r  g rav id  fem a les  due to  a s tro n g  

de pendence on foo d  fo r  egg p ro d u c tio n  and su ita b le  m ic ro c lim a to lo g ic a l 

c o n d it io n s  fo r  successfu l egg d e ve lo p m e n t [H u m p h re ys  1987]. Social cues 

seem  to  be o f  m in o r  im p o rta n ce  s ince  avo idance o f  c o m p e tit io n  by leaving 

th e  pa tch  ce rta in ly  decreases m a tin g  chances due to  low  de ns ities  o f  fem ales.

A lth o u g h  w e be lieve th a t stress caused by h a n d lin g  in d iv id u a ls  w as re s tric ted  

[such as in co m para b le  m ark -re cap tu re  s tud ies ; M o rse  [1997]], sex-related 

escape b e hav iou r [e.g. m a les ra n d o m ly  flee in g  w h ile  fem ales  sea rch ing  h igh e r 

veg e ta tio n  to  h ide i f  released c lose to  th e  pa tch bo rder] can no t be excluded. 

A rtif ic ia l o r na tu ra l p reda tio n  risk hence prov ides an a lte rn a tive  exp lana tion  

fo r  th e  observed o r ie n ta t io n  behaviour, yet does n o t change th e  b io lo g ica l 

in te rp re ta tio n  o f  th e  observed pa tte rn s : fem ales re tu rn  to  th e  pa tch in search 

fo r  o p tim a l resources [prey ava ilab ility , m ic ro c lim a to lo g ic a l c o n d it io n s  or 

she lte r aga ins t p reda to rs ], w h ile  m a les keep m o v in g  in a ra ndom  way, th u s  

re s tr ic tin g  th e ir  chances to  re tu rn  to  th e  grass land pa tch o f  o r ig in  bu t 

inc re as ing  th e  p ro b a b ility  o f  gene f lo w  between c lose ly  located p o p u la tio n s .

The above re su lts  sug ges t th a t increased levels o f  c u rso ria l a c tiv ity  w ith in  

pa tches m ay lead to  increased levels o f  e m ig ra tio n  rates w hen  n o t c o u n te r­

acted by be h a v io u ra l cues such  as h o m e w a rd  o r ie n ta t io n , and  m o re  g e n e r­

ally, th a t be h a v io u ra l m e ch a n ism s  m ay re s tra in  o r  enhance  p o p u la tio n  

d yn a m ics . In th e  case o f  lo w  p o p u la tio n  d e n s itie s , h ig h  e m ig ra tio n  rates 

c o m b in e d  w ith  absence o f  v isu a l o r ie n ta t io n  m ay increase th e  r is k  o f  A llee  

e ffec ts  [C o u rch a m p  et al. 1999; S tephens &  S u th e rla n d  1999]. A t th e  sam e 

tim e , however, increased c u rso ria l a c tiv itie s  w ith in  pa tches m ay c o u n te ra c t 

such  A lle e  e ffects  by in c re a s in g  chances o f  loca l m a tin g  [K indva ll et al.
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19 9 ^ ]. The la tte r m ay have been th e  case in th e  lo w -d e n s ity  g rass land  pa tch  

in o u r  s tu d y  area, w h e re  no re d u c tio n  o r  de lay o f  re p ro d u c tio n  w as 

observed  [B on te , u n p u b . data].

In te ra c tio n s  betw een in d iv id u a l- le ve l be h a v io u r and p o p u la tio n -le ve l d yn a m ­

ics, such as d iscussed  in th is  paper, are m u ch  m o re  co m p le x  th a n  th o se  

usu a lly  in co rp o ra te d  in ind iv id u a l-b a se d  p o p u la tio n  m o de ls . A t least in 

som e  cases, in c o rp o ra tio n  o f  be hav iou ra l m e ch a n ism s , such  as v a r ia b ility  in 

m o b ility  be h a v io u r in re la tio n  to  d is ta nces  fro m  h a b ita t edges, m ay su b s ta n ­

tia lly  increase th e  b io lo g ica l re levance o f  these  p o p u la tio n s  m o de ls . It a lso 

stresses th e  need fo r  fu r th e r  research on th e  b e hav iou ra l eco logy o f  e c o lo g i­

cal landscapes [sensu L im a &  Z ö lln e r 1996; B o u d je m a d i et al. 1999]. The la t­

te r  m ay be p a rtic u la r ly  re levan t in  th e  case o f  endangered  species, w here  

in te g ra t io n  o f  b e hav iou ra l co m p o n e n ts  w ith  p o p u la tio n  d yn am ics  m ay re su lt 

in a b e tte r c o m p re h e n s io n  o f  th e  species life  h is to ry, and hence, th e  im p le ­

m e n ta tio n  o f  m o re  re a lis tic  con se rva tio n  s tra teg ies  [S u th e rlan d  1998].
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O verv iew  o f  the main results

S p id e r species, cha rac te rised  by a h igh  degree o f  h a b ita t s p e c ia lisa tio n , 

have lo w e r b a llo o n in g  p ro p e n s itie s  th a n  species o c c u rr in g  in a w id e  va rie ty  

o f  h a b ita ts . Th is  p a tte rn  de pend s  a d d it io n a lly  on ph y lo g e n e tica l back­

g ro u n d : species b e lo n g in g  to  th e  orb icu la ria  have b e tte r de ve lope d  d ispe rsa l 

p ro p e n s itie s  th a n  th o s e  b e lo n g in g  to  th e  RTO-clades. H ence , b a llo o n in g  d is ­

persa l appears to  be b e tte r evo lved  in m o re  sedentary, in genera l sm a ll w eb- 

b u ild in g  species th a n  in la rg e r ac tive  h u n te rs , w h ic h  have a re s tr ic te d  t im e  

w in d o w  fo r  aeria l d isp e rsa l and do  n o t use s ilk  fo r  prey ca p tu re . The ap p lie d  

m easu re  o f  d isp e rsa l, to g e th e r w ith  th e  in te ra c tio n  be tw een pa tch  co n n e c ­

t iv ity  and pa tch  area exp la in  d is tr ib u t io n  pa tte rn s  w ith in  grey du n e  fra g ­

m e n ts . N ich e  b read th  d id  n o t c o n tr ib u te  to  th e  observed  d is tr ib u t io n  p a t­

te rn s . T h is  im p o rta n c e  o f  d ispe rsa l in sh a p in g  species d is tr ib u t io n  a ffects  

o u r  p e rce p tio n  o f  sp e c ie s ’ fu n d a m e n ta l n iches and in d ica te s  th a t bo th  

s o u rce -s in k  and m e ta p o p u la t io n  m e ch a n ism s  have an im p o rta n t im p a c t on 

d is tr ib u t io n  p a tte rn s .

O u r exp e rim e n ts  on v a r ia tio n  o f  b a llo o n in g  la tency in Erigone a tra  in d ica te  

th a t p ro x im a te  [acu te fo o d  d e p riva tio n ], o n to g e n e tic  [fe ed ing  and te m p e ra ­

tu re  c o n d it io n s  d u r in g  th e  ju v e n ile  d e ve lo p m e n t] and p o ss ib ly  ge n e tic  fac ­

to rs  in flu e n ce  in d iv id u a l la tencies to  p e rfo rm  p re -b a llo o n in g  t ip to e -b e h a v - 

iour. Because re p e a ta b ility  is h igh  a t s h o rt in te rva ls  o f  i h bu t lo w  at long e r 

in te rva ls  o f  a w eek o r m o re , fe e d in g  h is to ry  d u r in g  th e  a d u lt life -s tage  o r age 

a lso d e te rm in e s  th e  in d iv id u a l p ro p e n s ity  to  p e rfo rm  b a llo o n in g  d ispe rsa l.

The sp a tia l d is tr ib u t io n  o f  Pardosa m o n tico la  is p r im a r ily  re la ted to  pa tch 

qua lity , w h ic h  was d e te rm in e d  by pa tch  size and veg e ta tio n  he ig h t. Patch 

con nec tiv ity , as e s tim a te d  fo r  b a llo o n in g  d ispe rsa l c o n tr ib u te d  s ig n ifica n tly , 

bu t less to  th e  observed d is tr ib u t io n  p a tte rn . The p ro b a b ility  o f  s h o rt t im e  

c o lo n is a tio n  increased w ith  h igh  pa tch  q u a lity  and h igh  levels o f  cu rso ria l 

con nec tiv ity , w hereas loca l e x tin c tio n s  appeared to  be m a in ly  s to ch a s tic . The 

p o p u la tio n  o f  P. m o n tico la  can th e re fo re  de de fined  as a ha b ita t-q u a lity - 

d e p e n d a n t m e ta p o p u la t io n . T h is  ob se rva tio n  o f  lim ite d  d ispe rsa l a b ilit ie s  

c o n tra d ic ts  w ith  th e  f in d in g s  o f  a lo w  ge ne tic  d iffe re n tia tio n  [as revealed by
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a llozym e  e le c tro p h o re s is ] and stresses th e  im p o rta n c e  o f  bo th  d ire c t and 

in d ire c t e s tim a tes  o f  d ispe rsa l in th e  in te rp re ta tio n  o f  p o p u la tio n -g e n e tic  

pa tte rs .

As in Erigone a tra , acu te  fo o d  d e p riv a tio n  is th e  m o s t im p o r ta n t tr ig g e r  to  

s t im u la te  th e  p e rfo rm a n ce  o f  t ip to e -b e h a v io u r  in P. m o n tico la . By u s in g  th is  

species as a m o d e l, w e d e m o n s tra te d  fo r  th e  f irs t  t im e  re g iona l and in te r- 

d e m ic  v a r ia tio n  in b a llo o n in g  p ro pen s ity . G e o g ra p h ic  v a r ia tio n  appears to  

be d e te rm in e d  by th e  degree o f  pa tch  is o la tio n  w ith in  th e  d u n e  landscape  

and is assu m ed  to  be se lected  a g a in s t in s tro n g ly  iso la te d  p o p u la tio n s . As 

m a te rn a l c o n d it io n  and fitn e ss  a lso  decrease w ith  in c re a s in g  pa tch  iso la ­

t io n , se lec tio n  ag a in s t d isp e rsa l m ay enhance  a m e ch a n ism  o f  r is k  s p re a d ­

ing . In te rd e m ic  v a r ia tio n  exists be tw een p o p u la tio n s  o f  th e  F le m ish  coasta l 

dunes . The o ccu rre n ce  o f  t ip to e in g  o ffs p r in g  w ith in  m a te rn a l c lu tch e s  is 

h ig h e s t i f  m a te rn a l fitn e ss  is low, w h ile  th e  fre q u e n cy  o f  p o te n tia l ba llo one rs  

w ith in  c lu tch e s  w as h ig h e r in h a b ita ts  w he re  prey o ccu rre n ce  is gu a ra n tie d  

[p re d ic ta b le  h a b ita ts : du n e  slacks] th a n  is h a b ita ts  w he re  p rey d e p riv a tio n  is 

p o ss ib le  d u r in g  d ry  s u m m e r p e rio d  [u n p re d ic ta b le  du ne  g rass land s ]. 

H ow ever, th e  ge n e tic  basis o f  b a llo o n in g  d ispe rsa l re m a in s  unclear, bu t, 

even i f  o n ly  m a te rn a l e ffects  are re sp o n s ib le  fo r  th e  observed  v a r ia tio n , it 

appears  to  be th e  m o s t a d a p tive  re sponse  s ince  it  enables in d iv id u a ls  to  

use in fo rm a t io n  o f  th e  e n v iro n m e n t m o re  com p le te ly . Th is  re su lts  in  o p t i­

m a l d ispe rsa l s tra teg ie s  in fu n c tio n  o f  h a b ita t c o n fig u ra tio n , q u a lity  and 

p re d ic ta b ility .

In co n tra s t to  aeria l d isp e rsa l, c u rso ria l d ispe rsa l is th e  m o s t im p o r ta n t d is ­

persa l m o de  fo r  a d u lt P. m o n tico la . In a g ra ss la n d -m o ss  du n e  landscape , 

g rass land  is th e  core h a b ita t w h ile  m o ss -d o m in a te d  ve g e ta tio n  is o n ly  o c c u ­

p ied a fte r d iffu s iv e  d ispe rsa l o u t o f  th e  core  h a b ita t. P a tch -e m ig ra tio n  is 

h ig h e r in g rass land s  o f  lo w  qua lity , w he re  d e n s itie s  are low, th a n  in h igh  

q u a lity  g rass land s  w he re  P. m o n tico la  occu rs  in h ig h e r d e n s itie s . T h is  p a t­

te rn s  re su lts  fro m  h ig h e r m o b ility  rates in th e  lo w -d e n s ity  h a b ita t [p re s u m ­

ab ly  because o f  lo w  p o p u la tio n  s izes and hence lo w e r m a te  e n c o u n te r rates 

and a sca rce r p rey presence ] and is s tre n g th e n e d  by th e  absence o f  fem a le  

o r ie n ta t io n  to w a rd s  th e  core h a b ita t a fte r d iffu s iv e  pa tch  e m ig ra tio n  in to
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th e  m a trix . The observed  p a tte rn  o f  h o m e w a rd  o r ie n ta t io n  suggests  th a t it 

re su lts  fro m  v isu a l p e rce p tio n  w ith  m a les and fe m a le s  d iffe r in g  in p e rce p ­

t io n  a b ility  o r  fro m  sex-spec ific  m o tiv a tio n s  to w a rd s  th e  co re  h a b ita t.

General discussion

In terspecific variation and species distribution

As p o in te d  o u t by W eym an et al. [20 02 ], in te rs p e c if ic  v a r ia tio n  in b a llo o n in g  

p ro p e n s ity  has m a in ly  been linked  to  m e ch a n ism s  re la ted  to  h a b ita t s ta b ili­

ty  and p re d ic ta b ility , n o t to  th e  least because o f  th e  d o m in a n t ob se rva tio n s  

o f  b a llo o n in g  species fro m  arab le  land . O u r  da ta  s u p p o rt th e  hyp o th e s is  o f  

Parvinen [1999] and M a th ia s  e t al. [2001] th a t d ispe rsa l is se lected ag a ins t 

in h e te ro gen eous  landscapes, in  w h ic h  costs  o f  re ach ing  su ita b le  h a b ita t 

are h ig h . These costs  are esp ec ia lly  h igh  fo r  spe c ia lised  species and re su lt 

in to  a co va ria tio n  be tw een d ispe rsa l and th e  degree o f  h a b ita t sp e c ia lisa tio n  

[o r rea lised  n iche  b re ad th ]. A s p re d ic te d  by th e o re tic a l m o d e ls  [K isd i 2 0 02 ], 

d ispe rsa l p ro p e n s ity  in sp id e rs  fro m  grey dunes is se lected as r is k  s p re a d ­

in g  in ge n e ra lis t species, w h ile  it is se lected  ag a in s t in sp e c ia lis t species. 

S e lec tion  fo r  d ispe rsa l in  ge n e ra lis ts  s h o u ld  as a re su lt fa v o u r r is k  s p re a d ­

in g  because o f  a s u b o p tim a l a d a p ta tio n  to  th e  loca l h a b ita t, w h ile  d ispe rsa l 

is se lected  a g a in s t in sp e c ia lis ts  by a s tro n g  a d a p ta tio n  to  loca l e n v iro n ­

m e n ta l c o n d it io n s .

A  w e ll-d e ve lo p e d  d ispe rsa l cap ac ity  is th e  f irs t  c o n d it io n  fo r  a successfu l 

c o lo n is a tio n  [e.g. Den B oer 1970; T h o m a s  et al. 2001b; B u llo ck  et al. 2 0 02 ] 

and is sho w n  to  be re la ted  to  loca l d is tr ib u t io n  in som e  in se c t fa m ilie s  

[M a lm q v is t 2 0 0 0 ] o r  pa tch  occu p a n cy  in fra g m e n te d  h a b ita ts  [H an sk i 

1999a]. H ow ever, d ispe rsa l in te rp lays  w ith  n iche  b read th  and landscape  

c o n fig u ra tio n  [P u llia m  2 0 0 0 ] in sh a p in g  species d is tr ib u t io n  p a tte rn s , esp e­

c ia lly  in e x p la in in g  th e  p resence o f  species in s in k  h a b ita ts . H a b ita t fra g ­

m e n ta tio n  m ay b o th  p ro m o te  and reduce m o b ility , d e p e n d in g  on th e  degree 

o f  resource  o r  h a b ita t sp e c ia lis a tio n  [W iens 2001]. T h us , e co lo g ica lly  re la ted 

species o c cu p y in g  th e  sam e e n v iro n m e n t m ay d if fe r  m a rke d ly  in th e ir
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responses to  land scape  change and fra g m e n ta tio n , d e p e n d in g  on h o w  d is ­

persa l and  n iche  b read th  are expressed in th e ir  re spec tive  p o p u la tio n s , p o s ­

s ib ly  as a re su lt o f  loca l a d a p ta tio n .

O u r da ta , however, do  n o t sh o w  a re la tio n s h ip  be tw een level o f  h a b ita t spe ­

c ia lisa tio n  and species d is tr ib u t io n , w h ic h  w o u ld  be expected i f  spe c ia lis t 

sp ide rs  w ere m o re  se n s itive  to  changes in h a b ita t qua lity , as sho w n fo r  d ra g ­

o n flie s  in C e n tra l-F in land  [K orkeam äki &  S uhonen 2 0 02 ]. It does n e ith e r 

exp la in  pa tte rn s  in species d is tr ib u t io n  in in te ra c tio n  w ith  con nec tiv ity , 

w h ich  w o u ld  in d ica te  d iffe re n t s e n s it iv itie s  to  pa tch  iso la tio n  fo r  spe c ia lis t 

and ge n e ra lis t species. Such a re la tio n s h ip  w o u ld  be expected i f  g e ne ra lis t 

species su rv ived  b e tte r in o th e r h a b ita t types in th e  m a trix . O n ly  th e  la n d ­

scape c o n fig u ra tio n  [pa tch  iso la tio n  and co n n e c tiv ity ] and b a llo o n in g  

p ropens ity , a m easure  o f  d ispe rsa l p o te n tia l, exp la ined d is tr ib u t io n  pa tte rn s . 

As a re su lt, spec ia lised  [hence in tr in s ic a lly  rare] species can be p red ic ted  to  

becom e ra rer i f  fra g m e n ta tio n  increases and co n n e c tiv ity  decreases.

Dispersal and population dynam ics in a dune w o lf  spider

C urso ria l and aerial d ispe rsa l, in flue nced  p o p u la tio n  dynam ics  o f  Pardosa 

m ontico la  a t d iffe re n t t im e  scales and b a llo o n in g  seem s espec ia lly  im p o rta n t 

in s tru c tu r in g  p o p u la tio n  at long e r t im e  in te rva ls , as observed fo r  species 

d is tr ib u t io n  pa tte rn s  in genera l. Because h a b ita t q u a lity  is th e  best p re d ic to r 

o f  occupancy and c o lo n isa tio n  pa tte rns , th e  m e ta p o p u la tio n  s tru c tu re  o f  P. 

m ontico la  in  coasta l dunes p r im a rily  depends on h a b ita t qua lity, as is the  

case fo r  sou rce -s in k  dynam ics . The low  level o f  g e ne tic  d ive rs ity  in P. m o n ti­

cola w as in conco rda nce  w ith  pa tte rn s  observed in o th e r dune dw e llin g  

a rth ro p o d s  [R am irez &  Froeh lig  1997; B ou lto n  et al. 1998], su g ges ting  s im ila r 

e n v iro n m e n ta l se lec tion  pressures. The e s tim a te d  low  gene tic  d iffe re n tia tio n  

d id  no t c o m p le m e n t th e  e s tim a ted  d ispe rsa l and th e  spa tia l d is tr ib u tio n a l 

pa tte rn  o f  P. m on tico la  in th e  s tud y  area, as suggested  by W h itlo c k  &  

M cC au ley [1999]. T h is  d iscrepancy between g e ne tic  and d is tr ib u tio n a l data 

m ay have d iffe re n t reasons, as re ported  in cha p te r I I I .5, bu t c o n firm s  the  

need fo r  bo th  d ire c t and in d ire c t es tim a tes  o f  d ispe rsa l w hen  a im in g  to  in te r­

pre t cu rre n t pa tte rns  o f  gene tic  d iffe re n tia tio n  [see also Peterson et al. 2001].
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Sources o f  variation in spider dispersal

The s ig n if ic a n t in te rs p e c if ic  v a r ia tio n  in b a llo o n in g  p ro p e n s ity  in d ica te s  th a t 

th is  d isp e rsa l m o d e  co -evo lved  w ith  m o rp h o lo g ic a l tra its  and ch a ra c te ris tics  

re la ted  to  th e  degree o f  n iche  s p e c ia lisa tio n . Because o b se rva tio n s  w ere 

m a de  on sp id e rs  fro m  th e  F le m ish  coasta l du nes , v a r ia tio n  due to  d iffe re n t 

re g iona l se le c tio n  p ressu res w as e lim in a te d , and in te rs p e c if ic  v a r ia tio n  

co u ld  o n ly  be a ttr ib u te d  to  e v o lu tio n a ry  m e ch a n ism s .

A s suggested  by M a sso t &  C lo b e rt [2 0 0 0 ], va r ia tio n  in th e  d isp e rsa l- lin ke d  

t ip to e  b e h a v io u r is d e te rm in e d  by inna te  [p rena ta l] and prox im a te  p o s tn a ta l 

fa c to rs . In Erigone atra , th e  in te ra c tio n  be tw een d ie t and te m p e ra tu re  w as 

s ig n if ic a n t and in d ica te s  a co m p le x  re a c tio n  o f  sp id e rs  to  d iffe re n t p o s tn a ta l 

e n v iro n m e n ta l fa c to rs . The s tro n g  e ffec t o f  te m p e ra tu re  d u r in g  re a rin g  on 

b a llo o n in g  la tency m ay be an in h e re n t ph ys io lo g ica l response , as fo u n d  by 

D ing le  [1968] in Oncopeitus. The fin d in g  th a t d iffe re n t n u tr it io n a l c o n d itio n s  

d u r in g  ju v e n ile  d e ve lo p m e n t induced  d iffe re n t behav iou ra l b a llo o n in g  p a t­

te rn s  was expected, and stresses th e  im p o rta n ce  o f  resource  a va ila b ility  as a 

d ispe rsa l tr ig ge r. The d ire c tio n  o f  th e  spec ies ’ reaction  to w a rd s  fee d ing  stress 

co n tra d ic ts  how ever w ith  th e  f in d in g s  o f  Legel &  Van W inge rden  [1980], and 

suggests th a t d iffe re n t species o r p o p u la tio n s  are ab le to  respond in d iffe re n t 

ways to  cha ng ing  e n v iro n m e n ta l c o n d itio n s . N everthe less, o u r data show  

th a t b a llo o n in g  la tency is in flue nced  by ph ys io log ica l responses to  e n v iro n ­

m e n ta l c ircum stance s  d u rin g  ju ve n ile  de ve lo p m e n t. M o the rs  th e re fo re  in f lu ­

ence th e  b a llo o n in g  in it ia tio n  o f  th e ir  o ffs p r in g  by se lec tin g  e n v iro n m e n ts  o f  

va ry ing  q u a lity  fo r  egg d e p o s itio n .

Fam ily  e ffects  exp la ined  co n s id e ra b le  p h e n o ty p ic  v a r ia tio n , b u t w ere  n o t s ta ­

t is t ic a lly  s ig n if ic a n t, because o n ly  13 fa m ilie s  w e re  in c lu d e d  in th e  q u a n tita ­

t iv e  s tu d y  and th e  ove ra ll h igh  a m o u n t o f  re s id ua l v a r ia tio n  in th e  exp res­

s ion  o f  b e h a v io u r [C hris  Boake, pers. c o m m u n ic a tio n ]. H ow ever, it s tresses 

th e  im p o rta n c e  and in te ra c tio n  o f  g e n e tic  c o m p o n e n ts  in th e  exp ress ion  o f  

be h a v io u ra l tra its , n a rro w ly  linked  to  d isp e rsa l. Th is  lo w  g e n o typ ic  v a r ia tio n  

is c o n c o rd a n t w ith  ove ra ll lo w  h e rita b ilit ie s  fo r  be h a v io u ra l tra its  [R o ff &  

M o usseau  1987; H o ffm a n n  1999] and in d ica te s  th a t e n v iro n m e n t and geno-
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typ e  sum  and in te ra c t in th e  exp ress ion  o f  th is  d isp e rsa l- lin ke d  b e hav iou ra l 

tra it .  A lth o u g h  no  e ffec ts  o f  th e  m a te rn a l c o n d it io n  on o ffs p r in g  b a llo o n in g  

la tency w ere  fo u n d , w e c a n n o t co n c lu d e  th a t ge n e tic  v a r ia tio n  has to  be 

a d d itive , s ince  e.g. egg q u a lity  [D iss  et al. 1996; De F ra ip o n t et al. 2 0 0 0 ] can 

have a d ire c t e ffec t on th e  o ffs p r in g  behav iou r, re s u lt in g  in s im ila r  d ispe rsa l 

p a tte rn s  a m o n g  o ffs p r in g  fro m  one fam ily . The d e te c tio n  o f  th e  ge n e tic  

sou rce  o f  v a r ia tio n  [a d d itive  versus n o n -a d d itive ] in b a llo o n in g  d ispe rsa l 

needs hence fu r th e r  research . As th e  a d d itiv e  c o m p o n e n t o f  b a llo o n in g  

b e h a v io u r was h igh  in th e  s p id e r m ite  Tetranychus urticae  [Li &  M a rg o lie s  

1993; 1994], a s im ila r  m a g n itu d e  can be expected in re la ted  A raneae . In 

co n tra s t to  e xp e rim e n ts  w ith  th is  p h y to p h a g ic  a r th ro p o d , in w h ic h  re a rin g  

c o n d it io n s  and esp ec ia lly  fo o d  q u a lity  can be m o re  eas ily  c o n tro lle d , m in ­

im is in g  th e  re s id ua l va ria nce  in s p id e r b a llo o n in g  la tency seem s necessary 

and a ch a lle nge  in th e  s tu d y  o f  th e  e v o lu tio n  o f  b a llo o n in g  d ispe rsa l.

Because s tu d ie s  o f  in tra s p e c if ic  g e og ra ph ica l d iffe ren ces  o ffe r best ho pe  fo r  

d is s e c tin g  th e  causes o f  be h a v io u ra l e v o lu tio n  [A rn o ld  1992; Foster 1999; 

R iechert 1999] w e co n d u c te d  c o m m o n  garden e xp e rim e n ts  on Pardosa m o n ­

tico la  o ffs p r in g , reared fro m  co llec te d  m o th e rs  o u t o f  d iffe re n t p o p u la tio n s . 

In te rd e m ic  and g e o g ra p h ic  v a r ia tio n  in b a llo o n in g  p ro p e n s ity  o f  Pardosa 

m o n tico la  illu s tra te d  th e  ex is tence o f  tw o  p o ss ib le  sou rces o f  v a r ia tio n . The 

re la tio n s h ip  be tw een in te rd e m ic  v a r ia tio n  in b a llo o n in g  p e rfo rm a n ce  and 

th e  e n v iro n m e n t revealed th e  p o s s ib ility  o f  na tu ra l se lec tio n  on th e  b a llo o n ­

in g  d isp e rsa l o r  on m o th e rs , w h ic h  tr ig g e r  [o r reduce] b a llo o n in g  d ispe rsa l 

b e h a v io u r in th e ir  o ffs p r in g . Fem ale P. m o n tico la  fro m  s tro n g ly  iso la te d  

p o p u la tio n s , have a lo w  p ro p o r t io n  o f  [p o te n tia l] b a llo o n in g  o ffs p r in g  and 

p re su m a b ly  increase in th is  w ay th e ir  fitn e s s  by m in im is in g  d isp e rsa l m o r­

ta lity . In co n tra s t, h igh  d isp e rsa l ra tes in th e  open land scape  can reduce 

in b re e d in g  [C hesser &  Rym an 1986; C respy &  Taylor 1990; P errin  &  M a za lo v

1999] and k in  c o m p e tit io n  [H a m ilto n  &  M ay 1977; P errin  &  Lehm an 2001; 

Lehm an &  P errin  2 0 0 2 ]. Because c lu tch  s ize is la rg es t in th is  large p o p u la ­

t io n , th e  ove ra ll lo w  n u m b e r o f  fa s t re a c tin g  p o te n tia l b a llo o n e rs  w ith in  

each c lu tch  can be se lected  in fu n c tio n  o f  r isk  s p re a d in g  [K isd i 20 02 ]. 

S im ila rly , th e  large v a r ia tio n  w ith in  m o th e rs  can re su lt fro m  se lec tio n  on 

r is k  sp re a d in g  w ith in  th e  p o p u la tio n . As a re su lt, n o t se le c tio n  for, bu t



se le c tio n  a g a in s t d isp e rsa l a u g m e n ts  th e  sp e c ie s ’ fitn e ss  in iso la te d  p o p u la ­

t io n s  and p o te n tia lly  acts a s y m m e tr ica lly  and d ire c tio n a lly  on o ffs p r in g  b a l­

lo o n in g  p ro pen s ity , in d e p e n d e n tly  o f  w h e th e r it  is loca lly  in flu e n ce d  by 

m o th e rs . A lte rn a tive ly , se lec tio n  m ay d ire c tly  act on th e  d ispe rsa l behav iou r, 

bu t, as b o th  th e  fre q u e n cy  o f  b a llo o n in g  o ffs p r in g  w ith in  th e  c lu tch e s  and 

th e  fre q u e n cy  o f  fem a les  w ith  [at least one] b a llo o n in g  o ffs p r in g  s h o w  th e  

s im ila r  p re d ic te d  d if fe re n tia t io n  in fu n c tio n  o f  th e  h a b ita t c o n fig u ra tio n , an 

ad a p tive  va lue  is a lm o s t c e rta in ly  p resen t. W e can, how ever, n o t d is tin g u is h  

w h e th e r se le c tio n  acts d ire c tly  o r  in d irec tly , v ia  m a te rn a l e ffec ts , on th e  d is ­

persa l b e h a v io u r o f  th e  w o l f  s p id e r o ffs p r in g .

A s th e  p resence o f  b a llo o n in g  in d iv id u a ls  w ith in  c lu tch e s  fro m  th e  ha lf- 

open land scape  is re la ted  to  th e  m a te rn a l c o n d it io n , w e can co n c lu d e  th a t 

th e  observed  in te rd e m ic  p a tte rn  at th is  sp a tia l scale m o s t like ly  re su lts  fro m  

in te ra c tio n  w ith  m a te rn a l, n o n -a d d itiv e  v a r ia tio n  o ve r su b se q u e n t ge ne ra ­

tio n s . As in Erigone atra , w e d id  n o t f in d  s im ila r  m a te rn a l c o n d it io n  e ffects 

fo r  t ip to e  frequency, p o ss ib ly  because o f  c o n s tra in ts  in o b se rva tio n  t im e  o r 

because o f  th e  p resence o f  o th e r  m a te rn a l e ffec ts , in flu e n ce d  by th e  m a te r­

nal p h ys io lo g y  [egg q u a lity : lip id s , p ro te in s ].

N eve rthe le ss , a lth o u g h  w e are n o t ab le  to  d is t in g u is h  u n a m b ig u o u s ly  

be tw een a d d itiv e  and n o n -a d d itiv e  v a r ia tio n  in o ffs p r in g  b a llo o n in g  p ro p e n ­

sity, w e d e m o n s tra te  fo r  th e  f irs t  t im e  g e o g ra p h ic  and in te rd e m ic  v a r ia tio n  

w ith in  th is  be h a v io u ra l tra it .  The ex is tence o f  g e o g ra p h ic  v a r ia tio n  in s p id e r 

b e h a v io u r has u n til n o w  o n ly  been d e m o n s tra te d  fo r  m a le  c o u rts h ip  behav­

io u r  in th e  w o l f  sp id e r Schizocosa crassipes [M ille r  et a l. 1998] and in d ie t 

b re a d th , c o n s p e c ific  a g o n is tic  behav iou r, te r r ito ry  s ize and a n tip re d a to r  

re trea t p ro b a b ility  in th e  fu n n e l-w e b  s p id e r Agelenopsis aperta  [F oste r 1999]. 

In th e  la tte r, sp id e rs  fro m  large p o p u la tio n s  w e re  even b e h a v io u ra lly  a d a p t­

ed to  loca l c o n d it io n s , b u t gene f lo w  be tw een e n v iro n m e n ts  co n s tra in e d  th e  

be h a v io u ra l a d a p ta tio n  in sm a ll pa tches [R iechert, 1993a,b[.

Besides aeria l d isp e rsa l, o r  a t least th e  p ro p e n s ity  o f  th e  p re b a llo o n in g  

behav iou r, c u rso ria l d ispe rsa l ra tes a lso s h o w  co n s id e ra b ly  v a r ia tio n  

be tw een [s u rp o p u la t io n s ,  in h a b it in g  grey d u n e  pa tches o f  d iffe re n t qua lity .
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O u r re su lts  c o n firm  th e  h yp o th e s is  th a t increased c u rso ria l a c tiv ity  in  low - 

d e n s ity  h a b ita t, cha rac te rised  by lo w  ve g e ta tio n  h e ig h t and hence p o o r q u a l­

ity, re su lts  in increased e m ig ra tio n  rates by P. m o n tico la . As is ge ne ra lly  the  

case in n a tu ra l p o p u la tio n s , pa tch  q u a lity  and  p o p u la tio n  d e n s ity  covary. 

H ence , w ith o u t a m o re  c o m p le x  e xp e rim e n ta l de s ig n  w e w ere  n o t ab le  to  

d is c r im in a te  be tw een b o th  e ffec ts . A  s im ila r  increased c u rso ria l a c tiv ity  in 

a r th ro p o d s  in h a b it in g  lo w  q u a lity  h a b ita t w as p re v io u s ly  d e m o n s tra te d  by 

K indva ll et al. [1998] and K re ite r &  W ise  [2001], and  is assu m ed  to  be an 

a d a p ta tio n  to  lo w  m a te -lo ca tio n  p ro b a b ilit ie s  u n d e r lo w  p o p u la tio n  d e n s i­

tie s  [K indva ll et al. 1998], o r t o  re flec t c o n d it io n s  o f  fo o d  re s tr ic t io n  [K re ite r 

&  W ise  2001]. Th e re fo re , increased m o b ility  and e m ig ra tio n  ra tes in th e  low  

q u a lity  p o p u la tio n  sug ges t th a t resou rce  c o m p e tit io n  [P errin  &  M a za lo v

2 0 0 0 ], esp ec ia lly  p rey sh o rta g e  and th e  lack o f  in c u b a tio n  s ites , tr ig g e rs  th e  

observed  bias to w a rd s  fe m a le  d ispe rsa l d u r in g  th a t p e rio d . H ig h e r e m ig ra ­

t io n  rates re s u lt in g  fro m  increased m a te  lo ca tio n  p ro b a b ly  h o ld  fo r  a d u lt 

m a les o n ly  s ince  th e ir  ac tiv ity , b u t n o t th a t o f  fem a les , is s tro n g ly  re la ted  to  

m a te  see k in g  [M a e lfa it &  Baert 1975]. A lso , in co n tra s t to  fem a les  liv in g  in 

and a ro u n d  grey d u n e  pa tches o f  h igh  qua lity , fe m a le s  fro m  lo w -q u a lity  

pa tches are n o t ab le  to  p e rfo rm  h o m e w a rd  o r ie n ta t io n , because o f  th e  p res­

ence o f  s m o o th  edges. S ince e m ig ra tio n  rates are a lready h ig h e r in  th e  la t­

ter, an A lle e  e ffects  m ay o ccu r [K uussaari et al. 1998; T h o m a s  &  K un in  1999] 

because o f  increased e m ig ra tio n  rates in  lo w -d e n s ity  p o p u la tio n s . A t the  

sam e t im e , how ever, increased c u rso ria l a c tiv itie s  w ith in  pa tches m ay c o u n ­

te ra c t such  A lle e  e ffec ts  by in c re a s in g  chances o f  loca l m a tin g  [K indva ll et 

al. 1998], as m ay have been th e  case in th e  lo w -d e n s ity  g rass land  pa tch .

Conclusions

A eria l d isp e rsa l, here e s tim a te d  by in v e s tig a tin g  th e  p ro p e n s ity  o f  b a llo o n ­

ing , in sp ide rs  fro m  fra g m e n te d  grey dunes appears  to  be se lected a g a ins t 

i f  chances o f  re a ch in g  su ita b le  h a b ita t are low. B a llo o n in g  is hence re s tr ic t­

ed in s tro n g ly  iso la te d  p o p u la tio n s  o r  in species w ith  a h igh  degree o f  sp e ­

c ia lis a tio n  to  th e  grey d u n e  h a b ita t. In o th e r  w o rd s , i f  th e  landscape  

becom es m o re  and m o re  h e te ro gen eous , d ispe rsa l is se lected ag a ins t 

[M a tth ia s  et al. 2001].
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A c c o rd in g  to  D esen de r [1987], th e  change in fre q u e n cy  o f  d ispe rse rs  [in 

ca rab id  beetles] w ith in  p o p u la tio n s  does n o t re su lt fro m  n a tu ra l se lec tio n  

bu t fro m  d ire c tiona l gene-m igra tion . Th is  s e m a n tic  debate  o r ig in a te s  fro m  

th e  q u e s tio n  w h e th e r f itn e s s  o f  n o n -d isp e rse rs  increases in iso la te d , o ld e r 

o r  s tab le  p o p u la tio n s . The la tte r a rgues fo r  th e  m e ch a n ism  o f  gene -m ig ra - 

t io n  because, in ca rab id  beetles, n o t a ll no n -d isp e rse rs  had a h ig h e r fe c u n ­

d ity  o r  a lo n g e r life  span . E xpe rim en ta l c o u n te r  ev idence w as even ava ilab le  

fo r  m a ny  species. In sp id e rs , in  w h ic h  d ispe rsa l is m o re  passive , w e be lieve 

h o w e ve r th a t th is  d ire c tio n a l g e n e -m ig ra tio n , th e  loss o f  a lle les c o d in g  fo r  

d isp e rsa l behav iou r, is a re su lt o f  n a tu ra l se le c tio n . In in d iv id u a ls  fro m  is o ­

la ted p o p u la tio n s , f itn e s s  o f  re s id en ts  w ill n o t be h ig h e r th a n  th o s e  o f  th e  

p o te n tia l d isp e rse rs , b u t th e  cos t o f  la n d in g  in u n s u ita b le  e n v iro n m e n ts  w ill 

c e rta in ly  decrease th e  fitn e s s  o f  d ispe rse rs  as a re su lt o f  d ire c t m o rta lity  o r 

a p o ss ib le  reduced fe c u n d ity  in case in d iv id u a ls  d isp e rse  in to  less su ita b le  

b u t n o n -h o s tile  h a b ita t. S e lec tion  w ill,  in m y o p in io n , n o t increase th e  fre ­

qu ency  o f  d isp e rsa l-a lle les  w ith in  a p o p u la tio n  b u t act ag a in s t d is p e rs in g  

in d iv id u a ls  because o f  h ig h  m o r ta lity  costs  in iso la te d  p o p u la tio n s . N o t 

d ire c tio n a l g e n e -m ig ra tio n  b u t th e  loss o f  a lle les c o d in g  fo r  d isp e rsa l, as th e  

re su lt o f  n a tu ra l se lec tio n  ag a in s t d isp e rsa l sh o u ld  hence be th e  d o m in a n t 

m e ch a n ism . R esidents in s tro n g ly  iso la te d  p o p u la tio n s  w ill as a re su lt be 

b e tte r adap te d  to  th e  loca l e n v iro n m e n t because o f  th e  loss o f  d ispe rsa l 

p ro pen s ity . T h is  change  in a lle le  fre q u e n cy  in flue nces  hence loca l behav­

io u ra l a d a p ta tio n .

P rox im a te  e n v iro n m e n ta l fac to rs  are ce rta in ly  an im p o rta n t tr ig g e r  o f  sp id e r 

d ispe rsa l, b o th  fo r  b a llo o n in g  [acu te fo o d  d e p riv a tio n , te m p e ra tu re  and fe e d ­

in g  stress d u r in g  th e  ju v e n ile  d e ve lo p m e n t, m a te rn a l h a b ita t qua lity , la n d ­

scape c o n fig u ra tio n ] and cu rso ria l d ispe rsa l [h a b ita t qua lity , b o u n d a ry  s tru c ­

tu re ]. Residual v a r ia tio n  re m a ins  how ever h igh , as sho w n fo r  b a llo o n in g  

p ro p e n s ity  in Erigone a tra  and aeria l and cu rso ria l d ispe rsa l in Pardosa m o n ­

tico la . T h is  va ria b le  d ispe rsa l p ro p e n s ity  w ith in  o ffs p r in g  is co n s is te n t w ith  

th e  m ixed E vo lu tio n a ry  S table S tra tegy o f  Parker &  S tua rt [1976], in w h ich  

each in d iv id u a l fro m  a gene tica l m o n o m o rp h ic  p o p u la tio n  selects a va riab le  

s tra tegy  fro m  a c o m m o n  p ro b a b ility  d is tr ib u t io n , w ith  th e  p o s s ib ility  o f  fin e
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a d ju s tm e n t a cco rd in g  to  e n v iro n m e n ta l c o n d it io n s , in o u r case a lso m a te r­

nal c o n d it io n s . T h is  a p p a re n tly  “ ra n d o m ” s tra tegy  m ay how ever be a c ryp tic  

e n v iro n m e n ta l o r e v o lu tio n a ry  tr ig g e r th a t o n ly  appears to  be ra ndom  

because o f  ha rd ly  de tec tab le  re la tio n sh ip s  w ith  th e  [m a te rn a l] e n v iro n m e n t.

A  s im ila r  and a p p a re n t ra ndom ness  [o r be tte r: un exp la ined  res idua l v a r ia ­

t io n ] has a lso been observed in o th e r s tu d ie s  [Sam u et a l 1996; M o rse  1997]. 

T h is  ra n d o m  s w itc h in g  m e ch a n ism  is a cco rd in g  to  W eym an et al. [2002] 

re sp o n s ib le  fo r  th e  observed v a r ia tio n  in b a llo o n in g  w ith in  p o p u la tio n s . 

A lth o u g h  n o t s tu d ie d  in d e ta il, th e  w in d o w  o f  d ispe rsa l is d iffe re n t between 

species and w ith in  species, as d ispe rsa l is re s tric te d  to  ce rta in  life  stages, 

w ith  d iffe re n t te m p o ra l d is tr ib u t io n s . In d iv id u a ls  hence experience  d iffe re n t 

m e te o ro lo g ica l and e n v iro n m e n ta l c o n d it io n s  and p ro b a b ly  have d iffe re n t 

th re s h o ld  values to w a rd s  th e  im p o rta n t e n v iro n m e n ta l s t im u li.  Th is  large 

v a r ia tio n  w ith in  th e  d ispe rsa l w in d o w  is in m y o p in io n , one  o f  th e  m a in  

d e te rm in a n ts  o f  th e  large a m o u n t o f  u n exp la in ed  v a r ia tio n  in d ispe rsa l 

p ro pen s ity . A d d it io n a lly , th e  m a te rn a l h a b ita t cho ice  s tro n g ly  in flue nces  

na ta l d isp e rsa l. T h is  type  o f  c o n d it io n - in d e p e n d e n t m a te rn a l e ffec t c o m p r is ­

es d ispe rsa l in d u ce d  by th e  m a te rn a l cho ice  o f  th e  h a b ita t w h e re  o ffs p r in g  

w ill ha tch . Th is  e ffec t w ill even be m o re  c o m p le x  in w o l f  sp ide rs , as fem a les  

carry  th e ir  o ffs p r in g  on th e ir  back fo r  a p e rio d  o f  3-7 days [B on te , u n p u b . 

da ta ]. N a ta l d ispe rsa l can as a re su lt o ccu r i f  s p id e r lin g s  leave th e  m a te rn a l 

a b d o m e n  at d iffe re n t p e rio d s . As o ffs p r in g -c a rry in g  sp id e rs  re m a in  cu rso ri- 

a lly  ac tive , m a te rn a l d is p la c e m e n t to g e th e r  w ith  th e  asyn ch ro n o u s  “ lo ss ”  o f  

o ffs p r in g  w ill in it ia lly  d e te rm in e  s p id e r lin g  d is tr ib u t io n  [and hence na ta l d is ­

pe rsa l] w ith in  th e  h a b ita t. A lth o u g h  no co n cre te  da ta  are ava ilab le , th e  t im ­

in g  o f  s p id e r lin g s  to  leave th e  back o f  th e ir  m o th e r m ay a lso be in flu e n ce d  

by in n a te  and p ro x im a te  fa c to rs , d e p e n d e n t on o th e r  se lec tive  m e ch a n ism s  

th a n  de sc ribed  fo r  aeria l and  c u rso ria l d isp e rsa l. It is fo r  in s ta n ce  n o t 

im p o s s ib le  th a t th e  ra te o f  “ d ro p p in g  fro m  th e  m a te rn a l a b d o m e n ”  w ill 

de pend  on th e  c lu tch  s ize in o rd e r to  avo id  k in  c o m p e tit io n . As aeria l d is ­

persa l in w o l f  sp id e rs  is re s tr ic te d  to  a sm a ll p ro p o r t io n  o f  th e  p o p u la tio n , 

m a in ly  u n d e r c o n d it io n s  o f  fo o d  d e p riv a tio n , th is  m o d e  o f  na ta l d ispe rsa l 

[m aybe w e can p ro p o se  th e  te rm  hitchhike-d ispersa l...] can in flu e n ce  th e  loca l 

d is tr ib u t io n  o f  o ffs p r in g  w ith in  th e  h a b ita t in a m o re  p ro n o u n c e d  w ay tha n  

b a llo o n in g  o r  early  c u rs o r ia l d ispe rsa l.
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In co n tra s t to  th e  a p p a re n tly  la rge re s id u a l and  p a tch -sp e c ific  v a r ia tio n  in 

d ispe rsa l p ro p e n s ity , o u r  genera l m o d e ls , based u p o n  ra n d o m  d ire c tio n a l 

d ispe rsa l and  p a tc h -in d e p e n d e n t d isp e rsa l fre q u e n c ie s , p re d ic t th e  im p o r ­

tan ce  o f  d ispe rsa l cha ra c te ris tic s  fo r  species d is tr ib u t io n  and p o p u la tio n  

dyn a m ics  in a s ig n if ic a n t way. In te rd e m ic  v a r ia tio n  in d ispe rsa l is hence b io ­

lo g ica lly  im p o r ta n t in sh a p in g  d ispe rsa l b e h a v io u r at th e  in d iv id u a l level 

[w ith in  h a b ita t d is tr ib u t io n ],  b u t p re su m a b ly  o f  m in o r  im p o rta n c e  at th e  

scale o f  th e  c o m m u n ity . P robably, even i f  o n ly  a sm a ll p ro p o r t io n  o f  th e  

p o p u la tio n  is capab le  o f  succe ss fu l d isp e rsa l, th e  a b so lu te  n u m b e r o f  d is ­

persers w ill be s u ff ic ie n tly  h igh  to  in flu e n ce  p o p u la tio n  d yn a m ics , because 

o f  th e  large p o p u la tio n  s izes.

H ow ever, in te ra c tio n s  be tw een in d iv id u a l- le ve l b e h a v io u r and p o p u la tio n - 

level d yn a m ics , such  as d iscusse d  th ro u g h o u t th is  th e s is , are m u ch  m o re  

c o m p le x  th a n  th o se  u su a lly  in c o rp o ra te d  in in d iv id u a l-b a se d  p o p u la tio n  

m o d e ls . A t least in so m e  cases, in c o rp o ra tio n  o f  b e h a v io u ra l m e ch a n ism s , 

such  as v a r ia b ility  in  m o b ility  b e h a v io u r in re la tio n  to  d is ta nces  fro m  h a b i­

ta t edges, m ay s u b s ta n tia lly  increase th e  b io lo g ica l re levance o f  the se  p o p u ­

la tio n  m o d e ls . The in c lu s io n  o f  da ta  on n iche  b read th  m ay even e lu c id a te  

species d is tr ib u t io n s , a p p a re n tly  n o t in flu e n ce d  by d ispe rsa l ch a ra c te ris tics . 

F inally, o u r  re su lts  s tress th e  need fo r  fu r th e r  research on th e  lin k  be tw een 

be h a v io u ra l eco lo gy  o f  e co lo g ica l landscapes [sensu L im a &  Z ö lln e r  1996 ; 

B o u d je m a d i et a l. 1999]. The la tte r m ay be p a rtic u la r ly  re le van t in th e  case 

o f  en dangered  species, w h e re  in te g ra t io n  o f  be h a v io u ra l c o m p o n e n ts  w ith  

p o p u la tio n  d yn a m ics  m ay re su lt in a b e tte r c o m p re h e n s io n  o f  th e  species 

life  h is to ry , and hence, th e  im p le m e n ta tio n  o f  m o re  re a lis tic  co n se rva tio n  

s tra teg ie s  [S u th e rlan d  1998].
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W. C o n s i d e r a t i o n s  f o r

N A T U R E  C O N S E R V A T I O N  A N D  F U T U R E

R E S E A R C H



In troduction
G rey dune , kno w n as “ Fixed coasta l du nes  w ith  he rbaceous v e g e ta tio n ”  in 

th e  C O R IN E  b io to p e  c la ss ifica tio n  [N a tu ra  2 0 0 0 ], is co n s id e re d  p r io r ity  

h a b ita t in th e  annex I o f  th e  EU H a b ita t D ire c tive  [H o p k in s  and Radley 

1998]. T h is  s ta tu s  im p lie s  th a t grey dunes deserve specia l co n se rva tio n  

a tte n tio n  [H e rr ie r  &  K illem aes 1998b].

C oastal ‘grey d u n e ’ is m o s t re ad ily  d e fined  u s in g  p la n t c o m m u n itie s . 

V ege ta tion  in c lu d e s  A tla n tic  m oss d o m in a te d  dunes as w e ll as du ne  g rass ­

land [w ith  a d is t in c t o rg a n ic  so il layer] b e lo n g in g  to  th e  Cladonio-Koelerieta lia  

in case o f  l im e  rich  grey du ne  and to  th e  Trifolio-Festucetalia ovinae  in case o f  

de ca lc ified  grey dunes [P rovo os t et al. 2 0 02 ]. E co log ica lly  it is m e re ly  th e  d ry 

c o m p o n e n t o f  th e  “ s tressed du ne  land scape ” , w here  eco log ica l dyn am ics  

are s itu a te d  in th e  fie ld  o f  te n s io n  be tw een to p  d o w n  re g u la tin g  stress fa c ­

to rs  and b o tto m  up  [xerosere] o rg a n isa tio n . The m a in  d if fe re n tia tin g  

processes are re la ted to  du ne  fix a tio n , so il fo rm a tio n  and veg e ta tio n  deve l­

o p m e n t [P rovo os t &  H o ffm a n n  1996; A gge nba ch  &  Ja link 1999]. V a ria tio n  

in n u tr ie n t a va ila b ility  and sand o v e rb lo w in g  re su lt in  v a r ia tio n  o f  dyn am ics  

and ecosystem  s tab ility , w h ic h  are be lieved to  be re la ted to  b io d ive rs ity  

[P ianka 1994; S chw artz  et al. 2 0 0 0 ]. The re la tio n  betw een b o th  is how ever 

u n c le a r and ce rta in ly  n o t causative  in th e  inverse  way.

Due to  u rb a n isa tio n  and ro ugh  grass- and sc rub  e n croach m en t, th e  grey 

du ne  area a long  th e  W estern pa rt o f  th e  F lem ish  coast decreased fro m  730 to  

350 ha since th e  fift ie s . A t th is  m o m e n t, grey du ne  fra g m e n ts  are pa tchy d is ­

tr ib u te d  w ith in  a m a trix  o f  dense du ne  veg e ta tio n  [shrubs, dense grass land ]. 

In co m p a riso n  to  o th e r coasta l du ne  ha b ita ts , grey dunes are cha racte rised  

by a sp e c if ic  and endangered  e n to rn o - and a rachno fauna  [B onte  et al. 2002d [. 

By re m o v in g  sh rubs and in tro d u c in g  d o m e s tic  grazers, local na tu re  m a n ­

agers a im  to  res to re  grey du ne  h a b ita t w ith in  th e  stressed du ne  landscape.

There  is a genera l con sensus  th a t sp id e rs  are go od  ca n d ida te s  fo r  b io - in d i- 

ca tio n  in te rre s tr ia l ecosystem s o f  th e  te m p e ra te  re g ions , b o th  a t th e  level 

o f  th e  p o p u la tio n  and th e  c o m m u n ity  o r  assem b lage  [M a re  et al. 1999; 

M a e lfa it et al., in press] and  m e e t th e  c rite r ia  o f  Ecological ind ica tors  acco rd -
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in g  to  D ale &  Beyeler [2001]. The g ro w th  ra te o r  re p ro d u c tiv e  ra te observed 

in n a tu ra l p o p u la tio n s  can be co rre la te d  w ith  th e  a m o u n t o f  prey ingested  

in th e  fie ld  and g ive an in d ire c t e s tim a tio n  o f  h a b ita t qua lity . D ue to  th e  

c lose  co rre sp o n d e n ce  be tw een ve g e ta tio n  a rc h ite c tu re  and th e  c o m p o s it io n  

o f  th e  assoc ia ted  s p id e r assem b lage , M a re  e t al. [1999] a rgued  th a t f lu c tu a ­

t io n s  in th e  s p id e r assem b lage  a llow s  b io e va lu a tio n  o f  h u m a n  d is tu rb a n ce . 

M o reove r, i f  fa u n is tic a l and b io g e o g ra p h ica l in fo rm a t io n  is ava ilab le , th e  

co m p le te n e ss  o f  p a r t ic u la r  areas [d e p e n d e n t on th e  scale o f  in te re s t: h a b ita t 

type , n a tu re  reserve, landscape ] can be eva lua ted  in fu n c tio n  o f  h u m an  

in te rfe re n ce  [M a e lfa it et al., in p ress]. A t lo n g e r-te rm  in te rva ls  surveys by 

u s in g  sp id e rs  as b io - in d ic a to rs  m ay be repeated  in o rd e r to  assess to  w h ich  

ex ten t re su lts  fro m  n a tu re  m a n a g e m e n t o r  re s to ra tio n  dev ia te  fro m  a p re d e ­

te rm in e d  n o rm  [G o ld s m ith  1991].

Conservation o f  dune habitats

C oasta l d u n e  m a n a g e m e n t a im s  fo r  re s to r in g  and co n se rv in g  d u n e -sp e c ific  

ha b ita ts . In c o n tra s t to  h ig h e r p la n ts  and te rre s tr ia l m o llu scs , s te n o to p ic  

a r th ro p o d s  fro m  coasta l and in la n d  d u n e  re g ions  o f  F landers [i.e. species 

fro m  coasta l du nes  and o lig o tro p h ic  g rass land s ] are re s tr ic te d  to  the  

stressed and d yn am ic  du n e  land scape  [P ro vo o s t &  B onte , in press[a ][. These 

ha b ita ts  can o n ly  be m a in ta in e d  u n d e r s u ff ic ie n t a e o lic  dyn a m ics  and g ra z ­

in g  s tress . S ince p a tte rn s  o f  s p id e r d is tr ib u t io n  c o rre sp o n d  w e ll w ith  p a t­

te rn s  o f  o th e r  in ve rte b ra te s  [P ro vo o s t &  B onte , in p ress[b [], w e w ill tre a t 

th e m  as an um b re lla -g ro u p  [S im b e r lo ff  1998] fo r  coasta l d u n e  a r th ro p o d s  in 

genera l, a lth o u g h  fu r th e r  te s t in g  is necessary on th e  ge n e ra lity  o f  th is  

a p p ro a ch . For exam p le , E m p id id  flie s  [Em pididae]  do  n o t fo llo w  th is  p a tte rn  

[G ro o ta e rt &  P o lle t, in  press], b u t th is  m ay be a th e o re tic a l a rte fac t because 

th is  fa m ily  m a in ly  ra d ia ted  in h u m id  h a b ita ts , in c o n tra s t to  e.g. ro b b e rflie s  

[Asilidae], w h ic h  are esp ec ia lly  adap ted  to  d ry h a b ita ts  [B on te  et al. 2 0 02c ]. 

Because the se  taxa have n o t evo lved in a ll h a b ita t type s , th e y  are as a s ing le  

taxo n  n o t su ita b le  fo r  b io - in d ic a tio n  in c o m p le x  ecosystem s.
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V a ria tio n  w ith in  and be tw een pa tches is re sp o n s ib le  fo r  a h igh  reg iona l 

d iv e rs ity  s ince  th e  s p id e r  asse m b lag e  c o m p o s it io n  o f  grey dunes is p r im a r i­

ly in flu e n ce d  by sand dyn a m ics  and th e  coverage o f  bare sand [ce rta in ly  in 

th e  dunes a lo n g  th e  N o rth e rn -F re n ch  and th e  B elg ian coast, b u t less in 

th o s e  fro m  th e  N e th e rla n d s ]. A d d it io n a lly , in te rn a l v a r ia tio n  in ve g e ta tio n  

s tru c tu re  and c o m p o s it io n , esp ec ia lly  th e  p resence o f  lit te r-r ic h  pa tches, is 

necessary fo r  m a ny  s p id e r species, a p p a re n tly  re s tric te d  to  grey d u nes . A t 

least s o m e  o f  th e m  [b u t th is  is p ro b a b ly  a m o re  genera l p a tte rn ] s h o w  sh ifts  

in  h a b ita t use d u r in g  th e ir  life  cycle and spend  th e ir  ju v e n ile  d e v e lo p m e n t in 

l i t te r  rich  ve g e ta tio n  [B on te  e t al. 2 0 0 0 a ]. Because s a m p lin g  m o s tly  occu rs  

w ith  p itfa ll tra p s  [w h ich  m a in ly  ca p tu re  a d u lt in d iv id u a ls ], th is  m u lt i-h a b ita t 

use is p re su m a b ly  o ve rlooke d  in m a ny  species.

R es to ra tion  o f  a e o lic  dyn a m ics  appears  to  be c rit ic a l fo r  th e  co n se rva tio n  o f  

th e  th re a te n e d  in se c t and s p id e r fau na  in th e  coasta l du ne  re g ion . A lth o u g h  

th e o re tic a lly  s im p le , th is  m e asu re  c e rta in ly  invo lve s  p ra c tica l p ro b le m s  

because it c o n flic ts  w ith  needs fo r  coasta l de fence and u rban p la n n in g . A t 

th is  m o m e n t, re m ova l o f  ae o lic  b a rrie rs , such  as s tre e ts  and ca m p in g  s ites, 

be tw een large d u n e  m a ss ifs  seem s th e  best po ss ib le  s o lu t io n . A t lo n g e r 

p e rio d s , however, ae o lic  dyn a m ics  w ill d isa p p e a r d e te rm in is tic a lly  because 

ne t-sand  su p p ly  fro m  th e  beach to w a rd s  th e  d u n e  is d e c reas in g  due  to  

u rb a n is a tio n  and m e ch a n ica l c le a n in g  o f  beaches, w h ic h  c o n s tra in  th e  fo r ­

m a tio n  o f  n ew  e m b ry o n ic  dunes.

Besides th e  re s to ra tio n  o f  sand d yn a m ics , ex tens ive  g ra z in g  in c o m b in a tio n  

w ith  large-sca le  re m ova l o f  sh rubs  seem s to  be th e  best m a n a g e m e n t s tra t­

egy to  c rea te  su ita b le  h a b ita t fo r  th e  x e ro th e rm  s p id e r fau na . A d d itio n a lly , 

pa tches w ill ge t b e tte r co n n e c te d , a llo w in g  th e  ex is tence and m a in te n a n ce  

o f  m e ta p o p u la t io n s  o f  sp id e rs  and in ve rte b ra te s  in genera l [see la te r]. 

Probably, ve g e ta tio n  dyn a m ics  u n d e r g ra z in g  m a n a g e m e n t fits  in to  a sh ift­

ing  m osaic  p a tte rn  o f  [s u b jc lim a x  ve g e ta tio n  as described  by O lflf et al.

[1999] fo r  w o o d la n d s . The in tro d u c t io n  o f  la rg e r [d o m e s tic ] g razers w ill 

enhance  th e  e n la rg e m e n t and c o n n e c tiv ity  o f  g rass land  pa tches, w ith  c o n ­

se rva tio n  o f  s u ff ic ie n t in te rn a l s tru c tu ra l v a r ia tio n  and h a b ita t v a r ia tio n  

w ith in  th e  e n tire  d u n e  landscape . D e p e n d in g  on th e  g ra z in g  in te n s ity
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[m a in ly  g ra ze r d e n s ity ], th e  m o sa ic  land scape  w ill ba lance som ew here  

be tw een a c losed  s h ru b  and an open g ra s s la n d -d o m in a te d  landscape . 

A lth o u g h  th e  la tte r  seem s to  be idea l fo r  th e  co n se rva tio n  o f  th e  typ ica l 

a r th ro p o d  fau na , w e  s h o u ld  bear in m in d  th a t, bes ides th e  fa c t th a t m any  

species use d iffe re n t h a b ita ts  w ith in  th e ir  life  cycle, som e  species are e xc lu ­

s ive ly  b o u n d  to  sea b u ck th o rn  H ippophae  rham noides  and , in  th is  way, are 

re s tr ic te d  to  th e  coasta l re g ion  [the  a p h id  Psylla hippophaës, th e  louce  

C apitophorus hippophaës, th e  m o th  C elech ia h ippophaëla , th e  m ite  Acería hip- 

pophaena, th e  b o re -fly  Rhagoletis ba tava  and th e  fu n g u s  Phellines h ippohaë- 

cola], E specia lly  l it te r -r ic h  ve g e ta tio n  w ill d is a p p e a r u n d e r h igh  g ra z in g  

in te ns ity , and hence decrease p o s s ib ilit ie s  o f  ju v e n ile  d e v e lo p m e n t fo r  - a t  

least som e- d u n e  a rth ro p o d s . A lso , h igh  tra m p lin g  w ill a cco m p a n y  a h igh  

g ra z in g  in te n s ity  and w ill hence decrease th e  p resence o f  s u ff ic ie n t h a b ita t 

fo r  b u rro w in g  sp id e rs  and insects  [an ts]. A  recen t s tu d y  [Le hou ck  20 02 ] 

focu sed  esp ec ia lly  on th e  la tte r  because o f  th e  typ ica l a r th ro p o d  fauna , 

assoc ia ted  w ith  an t nests.

Landscape configuration

A c c o rd in g  to  o u r  f in d in g s , co n se rva tio n  o f  sp e c if ic  du n e  a r th ro p o d s  sh o u ld  

fo cu s  on th e  c re a tio n  o f  la rge su rfaces o f  grey du nes  because species d is t r i­

b u tio n  and species richness  o f  the se  species de pend  on pa tch  area and 

co n n e c tiv ity . T h is  p a tte rn  a lso  seem s to  h o ld  fo r  typ ica l b u tte rf lie s  and 

g ra ssh o p p e rs  [M aes &  B onte , u n p u b . da ta ]. Because s te n o to p ic  s p id e r 

species have n a rro w  n iche  b read ths  and a reduced d isp e rsa l pow er, an 

in c re a s in g  h a b ita t fra g m e n ta tio n  w ill even fas ten  th e ir  e x tin c tio n  ra tes, c o m ­

pared to  m o re  e u ry to p ic  species.

The g e o m e try  o f  h a b ita t pa tches does n o t so le ly  in flu e n ce  th e  d is tr ib u t io n  

and p o p u la tio n  s tru c tu re  o f  sp id e rs  [and in ve rte b ra te s ]. In te rp a tch  d ispe rsa l 

cap ac ity  w ill de pend  on d ispe rsa l m o d e  and th e  re la ted  c o n n e c tiv ity  [p e rm e ­

a b ility ] o f  th e  m a trix . M o re  con cre te , w e can expect th a t a m a tr ix  c o n s is t in g  

o f  ro ugh  ve g e ta tio n  w ill be experienced as a b a rr ie r fo r  s te n o to p ic  species 

o f  grey dunes . For la rg e r spe c ia lised  species [h a v in g  a re s tr ic te d  ae ria l d is ­

persa l capac ity ] as Alopecosa fa b riiis , A. barbipes, Pardosa m o n tico la  and
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Xysticus n in n ii, c u rso ria l d isp e rsa l is assu m ed  to  be th e  m o s t im p o r ta n t d is ­

persa l m o de . S ince th e  n a tu re  o f  th e  m a tr ix  w ill be a p o te n tia l d ispe rsa l 

c o n s tra in t, a re s tr ic te d  in te rp a tc h  m o v e m e n t can be expected i f  grey du ne  

ha b ita ts  are loca ted  w ith in  a m a tr ix  o f  th ic k  g rass land , sh ru b  o r  w o o d la n d  

ve g e ta tio n . For sm a lle r species w ith  a re la tive ly  b e tte r de ve lope d  ae ria l d is ­

persa l [species b e lo n g in g  to  th e  orb icu la ria  c lades -  see ch a p te r I I I .2] and a 

lim ite d  c u rso ria l d ispe rsa l [passive  h u n tin g  te ch n iq u e s , s m a lle r s izes], the  

n a tu re  o f  th e  m a tr ix  is p ro b a b ly  o f  less im p o rta n c e  as d ispe rsa l m a in ly  

occu rs  by b a llo o n in g . It is, however, n o t im p o s s ib le  th a t a ta li m a tr ix  veg e ta ­

t io n  [w o o d la n d  o r  h igh  sc ru b  ve g e ta tio n ] can re s tra in  an e ffec tive  aeria l d is ­

persa l because b a llo o n in g  in d iv id u a ls  m ay be ‘c a p tu re d ’ in th e  m a trix  

be fo re  th e y  are ab le to  reach su ita b le  h a b ita t.

Based on th e  re su lts  fo r  o u r  m o d e l species Pardosa m o n tico la , d isp e rsa l is 

c e rta in ly  in flu e n ce d  by th e  q u a lity  o f  th e  h a b ita t and  th e  land scape  c o n fig u ­

ra tio n . I f  in te n s ive  g ra z in g  re su lts  in to  a d ra m a tic  re d u c tio n  o f  th e  g rass­

land  he ig h t, h a b ita t q u a lity  w ill decrease fo r  som e  species, and re su lt in 

h ig h e r ‘ ra n d o m ’ c u rso ria l e m ig ra tio n  pa tte rn s . In w e ll-co n n e c te d  g rass ­

lands, th is  increased exchange o f  in d iv id u a ls  [and genes] w ill s ta b ilise  p o p u ­

la tio n -g e n e tic  s tru c tu re  and m e ta p o p u la t io n  d yn a m ics . If, however, in te n ­

sive g ra z in g  occu rs  in s tro n g ly  iso la te d  pa tches, increased levels o f  e m ig ra ­

t io n  w ill speed up  loca l e x tin c tio n  [A llee-e ffec t]. For aeria l d isp e rsa l, in d ic a ­

t io n s  o f  loca l a d a p ta tio n  w e re  fo u n d  in th is  study. B o th  p re n a ta l m a te rn a l 

and  in n a te  e ffects in flu e n ce  th e  p e rfo rm a n ce  o f  th e  p re -d isp e rsa l t ip to e  

b e h a v io u r and in d ica te  th a t h a b ita t fra g m e n ta tio n  can lead to  a decrease in 

d isp e rsa l ra tes, p o ss ib ly  because genes, asso c ia ted  w ith  d isp e rsa l d isa p p e a r 

in iso la te d  p o p u la tio n s  [D ie ckm a n n  et a l. 1999]. As a con seque nce , behav­

io u ra l tra its  n a rro w ly  lin ked  to  d isp e rsa l m ay in a d d it io n  to  th e  m o rp h o lo g i­

cal de s ig n  o f  species [and p o p u la tio n s ], evo lve  to w a rd s  less m o b ile  p h e n o ­

types in fra g m e n te d  te rre s tr ia l h a b ita ts  [Van D yck &  M a tth yse n  1999]. A t 

least one  sp id e r species is ab le  to  change its b e h a v io u ra l de s ig n  in fu n c tio n  

o f  a c h a n g in g  landscape . The re s tr ic tio n  o f  d isp e rsa l in iso la te d  fra g m e n ts  

w ill decrease d ire c t m o r ta lity  cos ts . If, however, ge n e tic  exchange c o m p le te ­

ly d isap pea rs , an increased a m o u n t o f  in b re e d in g  can act as a h igh  cost, 

re s u lt in g  in lo w e r fitn e ss  w ith in  th e  p o p u la tio n  [D av id  1998], w h ic h  again
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decreases th e  g ro w th  ra te o f  th e  p o p u la tio n , re s u lt in g  in h ig h e r e x tin c tio n  

chances. T h e re fo re , it  re m a ins  p o ss ib le  th a t, a lth o u g h  loca l a d a p ta tio n  

p o te n tia lly  co u n te ra c ts  d ire c t m o rta lity  costs  due to  un su cce ss fu l e m ig ra ­

t io n , in b re e d in g  w ill lead to  an increased e x tin c tio n  ra te in s tro n g ly  iso la te d  

p o p u la tio n s . W ith in  one land scape  type , v a r ia tio n  in d ispe rsa l b e h a v io u r 

seem s to  be m a te rn a lly  d e te rm in e d . C o n n e c tin g  and e n la rg in g  grey dunes , 

w ill im p ro v e  h a b ita t q u a lity  and  change th e  fre q u e n cy  o f  m o th e rs  w ith  d is ­

pe rs in g  o ffs p r in g . A  fa s t change in th e  land scape  is hence expected to  

in d u ce  o p tim a l d ispe rsa l s tra teg ie s  w ith in  s h o rt t im e  in te rva ls . A t a la rg e r 

g e o g ra p h ic  scale, how ever, b a llo o n in g  d ispe rsa l appears  to  be ad a p tive  and 

d e te rm in e d  by costs  and b e ne fits  re flec ted  w ith in  th e  land scape  c o n fig u ra ­

t io n . T h is  a d a p ta tio n  to w a rd s  th e  land scape  a lso has con sequences fo r  

species in tro d u c t io n , i f  cha ra c te ris tic s  o f  th e  sou rce  h a b ita t and landscape  

are ig n o re d . The in tro d u c t io n  o f  sp id e rs  in to  va ca n t pa tches is, however, 

pu re ly  h y p o th e tica l and c e rta in ly  n o t re co m m e n d a b le . S p ide rs , b e in g  g e ne r­

a lis t p re d a to rs , are no keystone species [sensu S im b e r lo f f  1998] w ith in  te r ­

re s tria l ecosystem s and are easily  rep laced by species fro m  th e  sam e g u ild .

These p re v io u s ly  described  pa tte rn s  c e rta in ly  h o ld  fo r  sp id e rs  fro m  grey 

du nes  a lo n g  th e  F le m ish  coast. H ow ever, care has to  b e ta k e n  in e x tra p o la t­

in g  o r  g e n e ra lis in g  the se  f in d in g s  to  s im ila r  fra g m e n te d  h a b ita ts  in o r 

beyond o u r re g io n . In E urope, s im ila r  p a tte rn s  o f  p o p u la tio n  d yn a m ics  are 

p o ss ib le  in sp id e rs  fro m  fra g m e n te d  he a th la n d  and ch a lk  g rass land , esp e ­

c ia lly  because m a ny  o f  th e  s tu d ie d  species a lso  o c c u r in these . Even i f  the  

g e o m e try  o f  su ita b le  h a b ita ts  appears  to  be s im ila r, m a tr ix  ve g e ta tio n  w ill 

c e rta in ly  be d iffe re n t. Th e re fo re , i f  E uclidean in te rp a tc h  d is ta nces  are s im i­

lar, pa tch  c o n n e c tiv ity  w ill be d iffe re n t and re sp o n s ib le  fo r  d iffe re n t p o p u la ­

t io n -d y n a m ic a l m e ch a n ism s . A lth o u g h  p ro b a b ly  less re levan t a t re g iona l 

scales, se le c tio n  p ressu res re la ted  to  th e  e n v iro n m e n t [d iffe ren ces  in the  

d ispe rsa l w in d o w ] m ay a lso d if fe r  and re su lt in  d iffe re n t d isp e rsa l [b a llo o n ­

ing ] s tra teg ie s . Th is  m ay ce rta in ly  be real o u ts id e  te m p e ra te  A tla n t ic  

re g io n s . The p o ss ib le  ex is tence o f  d iffe re n t a d a p tive  m e ch a n ism s  in o th e r 

e n v iro n m e n ts  m akes e x tra p o la tio n  to w a rd s  sp ide rs  fro m  o th e r fra g m e n te d  

h a b ita ts  as fens, [sa ltjm a rsh e s  and w o o d la n d s  very d a n g e ro u s . Illu s tra tiv e  

are e.g. in d ic a tio n s  o f  a c o m p le te  re d u c tio n  o f  aeria l d isp e rsa l cap ac ity  in
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s te n o to p ic  fo re s t species, as fo u n d  fo r  O edotho rax gibbosus  [B on te  &  

Vanacker, u n p u b . da ta ] and  Pardosa sa lta ns /lugu b ris  [R ich te r 1971]. F u rthe r 

research on th e  va lid a tio n  o f  o u r  f in d in g s  to w a rd s  a la rg e r s p e c tru m  o f  

species and h a b ita ts  is hence o f  p r im o rd ia l im p o rta n c e  be fore  genera l c o n ­

c lu s io n s  in fu n c tio n  o f  n a tu re  co n se rva tio n  can be m ade.

A n  o p tim a l co n se rva tio n  p o lic y  fo r  th e  s p e c if ic  s p id e r [and a r th ro p o d ] fau na  

in coasta l grey dunes o f  F landers  sh o u ld  hence a im  fo r:

R es to ra tion  o f  grey dunes in an open landscape , w he re  pa tch  size and c o n ­

n e c tiv ity  [w h ich  is o f  cou rse  spe c ie s -d e p e n d a n t] are h igh .

C o n se rv in g  s u ff ic ie n t in te rn a l s tru c tu ra l v a r ia tio n  by re s to r in g  ae o lic  d y n a m ­

ics and ex tens ive  g ra z in g  o f  la rg e r he rb ivo res .

R e ta in in g  s u ff ic ie n t ‘ ro ugh  v e g e ta tio n ’ , p re fe rab ly  as ‘ is la n d s ’ in to  a grey 

d u n e  land scape  [an in ve rs io n  o f  th e  c u rre n t landscape ] fo r  co n se rva tio n  o f  

endang e re d  in ve rte b ra te s  re s tr ic te d  to  the se  ve g e ta tio n  and fo r  ju v e n ile  

d e v e lo p m e n t o f  [som e ] species b o u n d  to  g rey du nes  in th e  a d u lt life -phase .

Perspectives for fu ture  research

O u r re su lts  d e m o n s tra te  th a t dispersal and h a b ita t q u a lity  are key-aspects fo r 

o rg a n ism s  to  se ttle  and su rv ive  in fra g m e n te d  h a b ita ts . In th is  th e s is , h o w ­

ever, o n ly  som e  aspects o f  s p id e r d ispe rsa l w ere inves tig a ted  and m any  

q u e s tio n s  re m a in  to  be answ ered . E specia lly  b a llo o n in g  d ispe rsa l needs fu r ­

th e r  in ve s tig a tio n  because o f  its im p o rta n c e  in sh a p in g  species d is tr ib u t io n  

a t loca l, reg iona l and g loba l scale. W ith in  th e  e v o lu tio n a ry  and eco log ica l 

fra m e w o rk  o f  d ispe rsa l behaviou r, th e  fo llo w in g  item s need specia l a tte n tio n :

As b o th  th e o re tic a l and e m p ir ic a l s tu d ie s  illu s tra te  h o w  d iffe re n t selective 

mechanisms m ay in flu e n ce  th e  e v o lu tio n  o f  d isp e rsa l, th e  validation  and 

interaction  betw een the se  d iffe re n t m e ch a n ism s  in d e te rm in in g  s p id e r 

b a llo o n in g  d ispe rsa l needs fu r th e r  in v e s t ig a tio n . M o re  spec ifica lly , the  

va lid a tio n  o f  th e  se lec tive  m e ch a n ism  ge nera ted  by h a b ita t fra g m e n ta ­

t io n  needs to  be te s te d  fo r  species fro m  o th e r  heavily  fra g m e n te d  h a b i­

ta ts  like  sa ltm a rsh e s , ch a lk  g rass land s  and w o o d la n d s . M o re  de ta iled  

e m p ir ic a l research on th e  in te ra c tio n  w ith  o th e r  th e o re tic a l po ss ib le
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se lec tio n  m e ch a n ism s  like  in b re e d in g  avo id ance  and k in -c o m p e tit io n  is 

s till a b lank page in th e  lite ra tu re  on d ispe rsa l. The im p o rta n ce  o f  these  

m e chan ism s fo r  th e  e vo lu tio n  o f  in tra - and in te rsp e c ific  va ria tio n  in c u rso ­

ria l d ispe rsa l, in c lus ive  th e  d ro p p in g  be hav iou r o f  sp id e rlin g s  fro m  the  

m a te rn a l abdom e n , re su ltin g  in other dispersal distances, has n e ithe r been 

s tu d ie d . Distinguishing between lo n g -te rm  and sh o rt-te rm  selective forces 

is hence a m a jo r cha llenge , because it is qu e s tio n a b le  w h e th e r lo n g -d is ­

tance  d ispe rsa l has ac tu a lly  evo lved to  co lon ise  new sites, and is n o t a 

b yp ro d u c t o f  se lec tion  fo r  sh o rt-d is ta n ce  d ispe rsa l [Ronce et al. 2001].

D ispe rsa l p ro p e n s ity  in sp ide rs  appears  to  be very plastic and to  a large 

a m o u n t a p p a re n tly  ra n d o m ly  expressed w ith in  p o p u la tio n s . S ince p re n a ­

ta l, p o s tn a ta l e n v iro n m e n ta l c o n d it io n s  and p ro x im a te  fa c to rs  p o te n tia lly  

in flu e n ce  th e  p e rfo rm a n ce  [d is ta nce , t im in g ,  la tency] o f  d isp e rsa l, these  

need to  be in ve s tig a te d  in carefully designed laboratory experiments. 

E spec ia lly  th e  s tu d y  o f  reaction n o r m s in fu n c tio n  o f  va ry in g  pre- and 

p o s tn a ta l e n v iro n m e n ta l c o n d it io n s  seem s p ro m is in g . A lso , th e  p o te n tia l 

trade-off in  sp id e rs  to  chose  be tw een fa s t d isp e rsa l a fte r b irth  w ith  lit t le  

experience  o f  th e  e n v iro n m e n t and a de lay o f  d isp e rsa l a fte r an increased 

experience  w ith  th e  e n v iro n m e n t seem s im p o r ta n t in u n d e rs ta n d in g  d is ­

persa l m o tiv a t io n . W ith in  th is  e v o lu tio n a ry  fra m e w o rk , it seem s im p o r ­

ta n t to  e s tim a te  th e  magnitude o f  th e  a d d itiv e -v a ria tio n  [ft?] fo r  b a llo o n ­

in g  d ispe rsa l and th e  im p o rta n c e  and ge n e ra lity  o f  m a te rn a l c o n d it io n a l 

e ffec ts . H o w  does th e  ‘window’ o f  d ispe rsa l [m e te o ro lo g ic a l c o n d it io n s  

fo r  lo n g  o r  s h o rt f lig h ts , season, life  s tage] a ffec t th e  b a llo o n in g  behav­

io u r  o f  sp id e rs  [b a llo o n in g  latency, d u ra tio n  o f  t ip to e -b e h a v io u r, po ss ib ly  

re la ted  to  th e  le n g th  o f  th e  s ilk  th re a d s , n u m b e r o f  repeated  take -o ffs ] 

to w a rd s  e n v iro n m e n ta l tr ig g e rs  and h o w  does it change u n d e r d iffe re n t 

se lec tive  p ressu res w ith in  and be tw een re g ions  o f  d iffe re n t a lt itu d e  and 

la titu d e  is a n o th e r im p o r ta n t e vo lu tio n a ry -e co lo g ica l to p ic  and m ay be 

im p o r ta n t fo r  th e  u n d e rs ta n d in g  o f  invas ive  d ispe rsa l p a tte rn s  in fu n c ­

t io n  o f  c lim a te  change.

26 The m app ing o f  the genotype onto  the phenotype as a fu n c tio n  o f  the environm ent. It is usuaiiy expressed as a 

p io t o f  phenotypic values against environm enta l values. The reaction norm  o f  a genotype is th e fu i i  set o f  phenotypes 

th a t th a t genotype w ill express in interaction  w ith  th e fu i i  set o f  environm ents in which it  can survive. I f  reaction  

norm s are non-parallel, a Genotype x  Environm ent interaction  is present [Stearns 1992J.
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Interactions o f  sp id e r [b a llo o n in g ] d ispe rsa l w ith  life history-t ra its  and 

morphological t ra its  have n o t yet been de tec ted . R elevant fo r  b a llo o n in g  

d isp e rsa l is th e  p o te n tia l re la tio n  be tw een d isp e rsa l p ro p e n s ity  and 

re p ro d u c tiv e  o u tp u t, g ro w th  speed and th e  size o f  th e  s ilk  g lan ds . W ith in  

th e  fra m e w o rk  o f  th e  la tte r, th e  re levance o f  e n e rge tic  costs  due  to  th e  

p ro d u c t io n  o f  [m u lt ip le ] s ilk  th re a d s , in in te ra c tio n  w ith  va ria b le  e n v iro n ­

m e n ta l c o n d it io n s , m ay be im p o r ta n t in c o n s tra in in g  o r  re s tra in in g  b a l­

lo o n in g  d ispe rsa l.

M o s t s tu d ie s  focu s  on th e  p ro p e n s ity  o f  sp id e rs  to  d ispe rse  by b a llo o n ­

ing . H ow ever, th e  a d ju s tm e n t o f  b o dy  m o rp h o lo g y  and th re a d -le n g th  can 

p o te n tia lly  contro l th e ir  f l ig h t  and hence landing. Since th e  chance o f  

re a ch in g  su ita b le  h a b ita t appears to  be a s tro n g  se lec tive  fo rce , in te r- 

and  in te rs p e c if ic  v a r ia tio n  o f  f l ig h t  c o n tro l p o ss ib ly  co u n te ra c ts  the  

assu m ed  ra n d o m  d ispe rsa l and la n d in g . C a re fu lly  c o n d u c te d  fie ld  exp e ri­

m e n ts  s h o u ld  enab le  us to  a n sw e r th is  q u e s tio n .

A c c o rd in g  to  W eym an et al. [2 0 02 ], fu tu re  research w ith in  th e  fra m e w o rk  

o f  p est c o n tro l s h o u ld  a d d it io n a lly  fo cu s  on external moderators o f  b a l­

lo o n in g  d ispe rsa l like  s e m io ch e m ica ls  assoc ia ted  w ith  th e  p rey and w ith  

p la n ts  da m age d  by h e rb ivo ro u s  prey and on resource exploitation bene­

fits  [e xp lo ita tio n  o f  e p hem e ra l h a b ita ts  w he re  c o m p e tit io n  w ith  o th e r 

p re d a to rs  is m in im a l].  E spec ia lly  th e  d e v e lo p m e n t o f  re lia b le  spa tia l 

d yn a m ica l m o d e ls  o f  s p id e r d isp e rsa l on a rab le  fa rm la n d  is to  be 

ach ieved, because th e  kn o w le d g e  o f  th e se  pest p re d a to r dyn a m ics  is nec­

essary fo r  su s ta in a b le  a g ric u ltu ra l p rac tices.
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S a m  e n v a t t i  n c

D it p ro e fs c h r ift b e s c h r ijf t  he t v o o rko m e n  van sp in n e n  in g r ijze  ku s td u in e n  

in de V laam se  en o m lig g e n d e  k u s td u in e n  langs de N o o rd ze e  en de e vo lu ti-  

o n a ire -e co lo g isch e  gevo lgen  van in te r- en in tra sp e c ifie ke  va r ia tie  in he t d is- 

pe rs iege d ra g  ervan.



G rijze  d u in e n , d it  z ijn  ge fixeerde  k u s td u in e n  m e t een k ru id a c h tig e  vege ta tie , 

bestaan u it  vege ta ties  d ie  g e d o m in e e rd  w o rd e n  d o o r m o ssen  en lage k ru i­

den en g rassen. E co log isch  gezien vo rm e n  ze de d ro g e  c o m p o n e n t van het 

ge stresseerde  d u in la n d s c h a p . T ijd e n s  de laa ts te  de cenn ia  raakte d it  h a b ita t- 

typ e  s te rk  g e fra g m e n te e rd  d o o r  v e r ru ig in g  en v e rv ilt in g . En he t is b inn en  de 

co n te x t van d it  ve rande ren de  d u in la n d s c h a p  da t w e [i] de va r ia tie  in de 

sp in n e n g e m e e n sch a p p e n  en [ii] het d isp e rs ie g e d ra g  van sp in n e n  hebben 

g e d o cu m e n te e rd . In he t ee rs te  deel [h o o fd s tu kke n  II.1 -II.4 ] behande len  w e 

de ru im te li jk e  va r ia tie  van sp in n e n g e m e e n sch a p p e n  in het gehele  d u in e co - 

systeem  van de V laam se  kus t en de re g iona le  en loka le  va r ia tie  b inn en  g r ij­

ze d u in e n  langs de N o o rd ze e . In het tw ee de  deel [h o o fd s tu kke n  III.1 -III.8 ] 

gaan w e d ie p e r in o p  enke le  e c o lo g isch e -e vo lu tio n a ire  face tten  van in te r- en 

in tra sp e c ie ke  va r ia tie  in d isp e rs ie g e d ra g  van s p in n e n .

In h o o fd s tu k  II.2  w o rd t de s a m e n s te llin g  van de s p in n e n g e m e e n sch a p p e n  

in de V laam se  k u s td u in e n  o n d e r de loep  g e n o m e n . D ie  b li jk t  bepaa ld  te  z ijn  

d o o r va r ia tie  in  v e g e ta tie s tru c tu u r [successie ], a tm o s fe r is ch e  en b o dem - 

vo c h tig h e id  en de a a nw ez igh e id  van zow e l a n th ro p o g e n e  ais n a tu u r lijk e  ve r­

s to r in g . V o o r a lle  o n d e rsch e id e n  veg e ta tie types  kun nen  in d ic a to rs o o rte n  

g e ïd e n tifice e rd  w o rd e n . V a ria tie  b inn en  de g e m een schap pen  is a fh a n ke lijk  

van de re spec tieve lijke  g e m id d e ld e  o p p e rv la k te s  van de ha b ita tv lekke n  

w a a ro ve r ze be sch ikken . V oora l sp in n e n g e m e e n sch a p p e n  van s te rk  g e fra g ­

m e n te e rd e  h a b ita ts  m e t k le ine  op p e rv la k te s , b.v. g rijze  d u in e n , w o rd e n  

g e ke n m e rk t d o o r een g ro te  ve rsch e id e n h e id  in s o o rte n s a m e n s te llin g  en 

kun nen  b ijg e vo lg  ais o n s ta b ie l b e s te m p e ld  w o rd e n . U it g ro n d ig e r o n d e r­

zo e k  naar he t v o o rk o m e n  van so o rte n  in deze g rijze  d u in e n  b li jk t  da t n ie t 

de to ta le  s o o rte n r ijk d o m , m a a r he t aan ta l spe c ifie ke  [s te n o to p e ] so o rte n  

a fn e e m t na a rm a te  de o p p e rv la k te  k le in e r w o rd t. D it p a tro o n  is w a a rs c h ijn ­

lijk  het g e vo lg  van to e n e m e n d e  ra n d e ffe c te n , van een k le in e r aa nbod  aan 

m ic ro h a b ita ts  o f  van hogere  u its te rv in g ska n se n  van loka le  p o p u la tie s  in 

k le ine  fra g m e n te n .

De s a m e n s te llin g  van sp in n e n g e m e e n sch a p p e n  van g r ijze  d u in e n  is eve n­

eens a fh a n k e lijk  van loca le  en g e o g ra fische  va r ia tie  in v ie r re g io ’ s m e t een 

v e rsch ille n d e  ge o lo g isch e  ge sch iede n is  en la n d s c h a p s s tru c tu u r langsheen
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de N o o rd ze e  [h o o fd s tu k  I I . } ] .  Deze va r ia tie  kan vo o ra l toe gesch reve n  w o r ­

den aan ve rsch ille n  in za n d d y n a m ie k  en c o n n e c tiv ite it m e t andere  xe ro the r- 

m e h a b ita ts  zoa ls  he iden  en ka lkg ras lan den . S te n o to p e  so o rte n  van dyn a ­

m isch e  d u in e n  v in d e n  w e vo o ra l te ru g  in de d u in g e b ie d e n  langs de 

V laam se  en N oo rd -F ran se  kus t [= de B o u lo n n a is ], te rw ijl typ isch e  so o rte n  

van he iden en ka lkg ras lan den  re sp e c tie ve lijk  de d u in g e b ie d e n  van N o o rd - 

H o lla n d  en de B o u lo n n a is  ko lo n ise e rd e n . Deze so o rte n  z ijn  a fw e z ig  in het 

jo n g e  en ge ïso lee rde  d u in la n d s c h a p  van de V laam se  kust. W e b e s lu ite n  da t 

re g iona le  va r ia tie  in de sp in n e n g e m e e n sch a p p e n  van g rijze  d u in e n , het 

g e vo lg  is van loka le  la n d sch a p ska ra k te ris tie ke n  [za n d d yn a m ie k ], de b re e d te ­

graad en de c o n n e c tiv ite it m e t andere  xe ro th e rm e  ha b ita ttyp e s . Zow e l 

land ssch a p sg e sch ie d e n is  ais [b e pe rk in gen  in] d isp e rs ie  bepalen naar alle 

w a a rs c h ijn lijk  het v o o rk o m e n  van sp in n e n  in g rijze  d u in e n .

K o rto m , de sp in n e n g e m e e n sch a p p e n  van zow e l het gehele  V laam se  d u in e - 

cosysteem  ais van de g r ijze  d u in e n  langs de N o o rd ze e  in he t b ijz o n d e r w o r ­

den g e s tru c tu re e rd  d o o r eco lo g isch e  t i jd ,  v e rs to r in g  en m e ch a n ism e n  die 

ge re la tee rd  z ijn  aan de p ro d u c t iv ite it  van he t h a b ita t [vege ta tiesuccess ie , 

v o c h tig h e id  en h a b ita th e te ro g e n ite it] [h o o fd s tu k  ¡¡.4]. A ang ez ien  bo ve n ­

g ro n d s  levende sp in n e n  m o b ie l z ijn , bepa len  ra nde ffec ten  zow e l va ria tie  

b in n e n  ais tu sse n  de v e rsch ille n d e  ha b ita ttyp e s .

Een en a n d e r d o e t ve rm o e d e n  da t d isp e rs ie  c ru c ia a l is v o o r  de b e p a lin g  van 

d is tr ib u t ie p a tro n e n  van s p in n e n s o o rte n  o p  k le ine  en g ro te  schaal. D aarom  

on d e rzo e ke n  w e in he t tw ee de  deel van het p ro e fs c h r ift de p o p u la tie d y n a ­

m ie k  en een aan ta l e vo lu tio n a ire -e c o lo g is c h e  aspecten  van d isp e rs ie  bij 

s p in n e n .

O n d e r ge s ta n d a a rd ise e rd e  la b o ra to r iu m o m s ta n d ig h e d e n  hebben w e in te r­

en in tra sp e c ifie ke  va r ia tie  in  lu c h td is p e rs ie  b e s tude e rd , m e e r bepaa ld  het 

tip to e -g e d ra g , da t v o o ra f gaat aan de e ig e n lijke  d isp e rs ie  d o o r m id d e l van 

ba lloon ing . B a llo o n in g  [v rij ve rta a ld  “ b a llo n v a re n ” ] is een passieve d isp e rs ie - 

m e th o d e  w a a rb ij s p in n e n , va s tg e h e ch t aan een s p in d ra a d , m eegevoerd  w o r­

den in lu c h ts tro m in g e n . Deze v o rm  van d isp e rs ie  is ais het w a re  een lo te rij 

in  de lu ch t; de a fw e z ig he id  van co n tro le  o ve r de v lu c h tro u te  is im m e rs  een
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b e la n g rijke  kos t v o o r la n g e -a fs ta n d sve rp la a ts in g e n  in een ge fra g m e n te e rd  

la nd schap . B a llo o n in g g e d ra g  w o rd t dus ve ro n d e rs te ld  o p  een andere  

m a n ie r te  z ijn  geëvo lueerd  dan actieve re  d is p e rs ie w ijze n , w a a rb ij o rg a n is ­

m en w e l co n tro le  kun nen  u ito e fe n e n  o p  hun ve rp la a ts in g . In h o o fd s tu k  III.2  

to n e n  w e v o o r 29 s p in n e n s o o rte n  m e t een v e rsch ille n d e  m a te  van g e b o n ­

de n h e id  aan he t g r ijz e -d u in h a b ita t aan da t n a tu u r lijk e  se lec tie  een goed o n t­

w ikke ld  b a llo o n in g v e rm o g e n  b e vo o rd e lig t, ais he t r is ico  om  te  be landen  in 

een g u n s tig  h a b ita t g ro te r is dan de kans om  een o n g e sch ik t h a b ita t te  

be re iken . W e kun nen  da t a fle id en  u it de ne gatieve  re la tie  tu sse n  de n e ig in g  

om  te  d isp e rse re n  v ia  b a llo o n in g  en de m a te  van h a b ita tsp e c ia lisa tie . O nze  

b e v in d in g e n  z ijn  in  o v e re e n s te m m in g  m e t recente  th e o rie ë n  da t d isp e rs ie  

gese lectee rd  kan w o rd e n  d o o r g e ne ra lis ten  ais r is ic o s p re id in g , te rw ijl het 

teg eng ese lec tee rd  kan w o rd e n  b ij h a b ita tsp e c ia lis te n .

O m  het v o o rk o m e n  van so o rte n  in g e fra g m e n te e rd e  g rijze  d u in e n  te  ve rk la ­

ren hebben w e ve rvo lgen s  d ie  s o o rtsp e c if ie ke  da ta  b e tre ffe n d e  de n e ig in g  

to t  b a llo o n in g  a fgew ogen  te g e n o ve r n ich e b re e d te  [h a b ita tsp e c ia lisa tie ] en 

v le k c o n fig u ra tie  [h o o fd s tu k  III.3 ]. De a a n w ez igh e id  van so o rte n  in deze fra g ­

m e n te n  b li jk t  enkel bepaa ld  te  w o rd e n  d o o r he t d is p e rs ie p o te n tie e l ervan en 

de in te ra c tie  tu sse n  v le k c o n n e c tiv ite it en -o p p e rv la k te . N ich e b re e d te  d a a r­

en tegen b li jk t  geen ve rk la re n d e  fa c to r  te  z ijn  v o o r extra va r ia tie  in d is tr ib u ­

t ie p a tro n e n . B ovend ien  to n e n  on ze  b e v in d in g e n  aan da t d isp e rs ie  onze p e r­

cep tie  van de fu n d a m e n te le  n iche  van so o rte n  be ïn v lo e d t, en da t sou rce - 

s in k  en m e ta p o p u la t ie d y n a m ie k  een g ro te  im p a c t hebben o p  het v o o rk o ­

m en van so o rte n  in een g e fra g m e n te e rd  land schap .

In een vo lg e n d e  h o o fd s tu k  hebben w e de in tra sp e c ifie ke  va r ia tie  in t ip to e g e - 

d ra g  o n d e rz o c h t b ij Erigone a tra  [h o o fd s tu k  III.4Y  C oncree t hebben w e nage­

gaan w a t de inv lo e d  is van g e n e tische  ve rw a n tsch a p  [fa m ilie -e ffe c te n ] en 

p o s tn a ta le  o m g e v in g s o m s ta n d ig h e d e n  o p  de la te n tie tijd  to t  he t ve rtone n  

van t ip to e g e d ra g  van deze s o o rt. A lle re e rs t b leek u it  een drie -w eken  du re n d  

e xp e rim e n t, w a a rb ij de sp in n e n  enkel gevoed w e rd en  tijd e n s  de eerste  dag 

van de w eek, de la te n tie  to t  b a llo o n in g  een lage h e rhaa lbaa rhe id  v e rto o n d e  

na p e riode s  van één w eek. G e d u re n d e  de eerste  w eek van het e xp e rim e n t 

daa lde  de la te n tie tijd  s ig n if ic a n t n a a rm a te  de u ith o n g e r in g  to e n a m . D it
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p a tro o n  w e rd  e ch te r n ie t m e e r w a a rg e n o m e n  tijd e n s  de tw ee  laa ts te  w eken 

van he t e xp e rim e n t. N a ko rte re  t i jd s in te rv a lle n  van i u u r v e r to o n d e  de bal- 

lo o n in g la te n tie  e ch te r w e l een hoge h e rhaa lbaa rhe id .

D o o r n a ko m e lin g e n  van v e rsch ille n d e  fa m ilie s  o n d e r tw ee  vo e d in g s - en 

te m p e ra tu u rs -o m s ta n d ig h e d e n  o p  te  kweken hebben w e daa rna as t o n d e r­

zo c h t o f  m a te rn a le  en p o s tn a ta le  o m g e v in g sva ria tie  t i jd e n s  de ju ve n ie le  

o n tw ik k e lin g  een in v lo e d  hee ft o p  de exp ress ie  van he t tip to e g e d ra g . U it d it  

e xp e rim e n t b lijk t  da t o m g e v in g se ffe c te n  in veel hogere  m a te  de va r ia tie  v e r­

k laren dan he t fa m ilie -e ffe c t. De la te n tie tijd  lig t lage r b ij sp in n e n  d ie  o p g e ­

kw eekt w o rd e n  b ij een te m p e ra tu u r  van 20°C  dan b ij d ie  o p gekw ee k t b ij 

15°C. D aarenboven  w o rd t de la te n tie  eveneens s ig n if ic a n t be ïnv loed  d o o r 

het v o e d in g s re g im e : goed gevoede in d iv id u e n  ve rto n e n  n a m e lijk  een sn e lle r 

tip to e g e d ra g  dan hun s le ch t gevoede so o rtg e n o te n . T e m p e ra tu u r en vo e ­

d in g s re g im e  in te rage ren  da aren bove n  s ig n if ic a n t m e t elkaar, w a t de aa nw e­

z ig h e id  van v e rsch ille n d e  re a c tie n o rm e n  a a n to o n t. De expressie  van b a llo o - 

n in g la te n tie  h a ng t dus in s te rke  m a te  a f  van het ac tue le  vo e d in g sn ive a u , de 

vo e d in g sg e sch ie d e n is  en de voe dse l- en te m p e ra tu u rs o m s ta n d ig h e d e n  t i j ­

dens de ju ve n ie le  o n tw ik k e lin g . V a ria tie  d ie  toe gesch reve n  kan w o rd e n  aan 

g e n e tische  ve rw a n tsch a p p e n  [ad d itie ve  e n /o f  m a te rn a le  e ffec ten ] is laag, 

m a a r b io lo g is c h  re levan t.

In de h o o fd s tu kke n  III.5 -III.7  sp itse n  w e ons to e  o p  de p o p u la tie d y n a m ie k , 

de c u rso ris ch e  en b a llo o n in g d is p e rs ie  b ij de d u in w o lfs p in  Pardosa m o n tico ­

la. De ru im te li jk e  p o p u la tie d y n a m ie k  b ij deze s o o rt, d ie  v o o rk o m t in g e fra g ­

m e n te e rd e  g ras land en  van de V laam se  k u s td u in e n  [d u in g e b ie d  tu sse n  

D u in ke rke  en N ie u w p o o rt], w o rd t be hand e ld  in h o o fd s tu k  III.5 . O p  basis 

van gegevens o ve r de al dan n ie t a a nw ez igh e id  ervan in ha b ita tv le kke n  in 

1998 en in 2 0 0 0  hebben w e m e t b e h u lp  van in c id e n tie fu n c tie m o d e lle n , 

p a tro n e n  in he t v o o rk o m e n , de k o lo n is a tie  en de u its te rv in g  ervan o n d e r­

zo ch t. M e rk -h e rva n g s te xp e rim e n te n  to n e n  aan da t m a x im a le  cu rso risch e  

d isp e rs ie -a fs ta n d e n  280  m e te r z ijn  in m o s d u in e n  en 185 m e te r in du in g ra s - 

land  en da t de c o n n e c tiv ite it in de m a tr ix  a fh a n k e lijk  is van de vege ta tie - 

s tru c tu u r . Deze h a b ita ta fh a n ke lijke  p o te n tië le  cu rso ris ch e  d is p e rs ie -a fs ta n ­

den en de th e o re tis c h  bepaa lde  p o te n tië le  b a llo o n in g a fs ta n d  w e rd en  sam en
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m e t ge o g ra fisch e  a fs tande n  tu sse n  de v e rsch ille n d e  v lekken in een connec- 

t iv ite its m a a t ge ïn teg ree rd . M e t b e h u lp  van een m e e rvo u d ig e  regressie -ana- 

lyse hebben w e u ite in d e lijk  a a n g e to o n d  d a t he t v o o rk o m e n  van P. m o n tico la  

bepaald  w o rd t d o o r h a b ita tk w a lite it en de c o n n e c tiv ite it, zoa ls  bepaa ld  v o o r 

b a llo o n in g d is p e rs ie . H a b ita tk w a lite it en c u rso ris ch e  c o n n e c tiv ite it ve rk la ren  

va r ia tie  in k o r te -te rm ijn  ko lo n isa tie p ro ce sse n  te rw ijl he t u its te rve n  van 

p o p u la tie s  vo o ra l s to ch a s tis ch  ge beu rt.

A llo z y m e le k tro fo re s e  heeft daa rna as t o o k  aa nge to o n d  da t g e n e tische  v a r ia ­

t ie  en v a r ia b il ite it  tu sse n  p o p u la tie s  laag is. Deze d is c re p a n tie  tu sse n  de 

gescha tte  lage d is p e rs ie m o g e lijk h e d e n  en de in d ire c te  s c h a ttin g  van g e n ­

u itw is s e lin g  F g j  be w ijs t da t de p o p u la tie g e n e tis ch e  s tru c tu u r  van deze 

s o o rt bepaa ld  w o rd t d o o r h is to r is c h e  p o p u la tie d y n a m ie k  e n /o f  h is to ris ch e  

g e n -u itw is s e lin g  v ia  b a llo o n in g .

In he t in c id e n tie fu n c tie m o d e l w o rd t u itgegaan  van v le ko n a fh a n ke lijke  w il le ­

keu rige  d is p e rs ie p a tro n e n . M o g e lijke  g e d ra g sm e ch a n ism e n  d ie  aan de ba ­

sis liggen  van een w ijz ig in g  van d e rg e lijke  d isp e rs ie , z ijn  e ch te r s le ch t ge d o ­

cu m e n te e rd , vo o ra l v o o r a r th ro p o d e n . W e ve rm o e d e n  e ch te r da t de v e ro n ­

d e rs te ld e  w ille k e u r ig e  d is p e rs ie r ic h tin g  n ie t o p gaa t v o o r heel w a t d ie rs o o r­

ten  w a a rb ij d isp e rs ie  en b e w e g ing  gebaseerd z ijn  o p  he t m aken van d ire c te  

gedragskeuzes. O m  da t na te  gaan hebben w e in te rd e m is c h e  va r ia tie  in 

zow e l c u rso ris ch e  ais b a llo o n in g d is p e rs ie  b ij P. m o n tico la  m e e r in de ta il 

o n d e rzo ch t.

In h o o fd s tu k  I I I .6  gaan w e dan o o k  d ie p e r in o p  de re la tie  tu sse n  h a b ita t­

kw a lite it en b a llo o n in g  b ij ju ve n ie le  P. m o n tico la  d ie  a fk o m s tig  z ijn  van 

m o e d e rd ie re n  u it d u in g ra s la n d e n  m e t een v e rsch ille n d e  c o n n e c tiv ite it en 

p ro o iv o o rs p e lb a a rh e id . U it  de s tu d ie  van he t al o f  n ie t v o o rk o m e n  van t ip ­

to e g e d ra g  kun nen  w e a fle id en  da t p o s tn a ta le  o m g e v in g s fa c to re n  [u ith o n g e ­

rin g ], p rena ta le , m a te rn a le  e ffec ten  en e v o lu tio n a ire  fa c to re n  de express ie  

van d it  gedrag  be ïnv loed en  en da t h a b ita tfra g m e n ta tie  to t  een ge reduceerd  

d isp e rs ie ve rm o g e n  kan le ide n . Een m o g e lijk e  ve rk la rin g  h ie rv o o r is da t de 

genen d ie  v e ra n tw o o rd e lijk  z ijn  v o o r  een d e rg e lijk  gedrag , ve rdw enen  z ijn  

u it  ge ïso lee rde  p o p u la tie s . D o o rd a t zow e l de m a te rn a le  c o n d it ie  ais fitn e ss
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daa lden m e t een to e n e m e n d e  iso la tie g ra a d , kun nen  w e o p  basis van d a t­

ze lfd e  e x p e rim e n t b e s lu ite n  da t se lec tie  teg en  d isp e rs ie  een zekere ris ico - 

s p re id in g  in h o u d t. B innen  p o p u la tie s  hebben w e e ch te r teg e n g e s te ld e  

p a tro n e n  w a a rg e n o m e n , aangez ien  een v e rm in d e r in g  van loka le  h a b ita tk w a ­

lite it, zoa ls  ge re flec tee rd  in de m a te rn a le  co n d it ie , de n e ig in g  to t  d ispe rs ie  

b e vo rd e rt. C ed rags ken m erken ge re la tee rd  aan d isp e rs ie  kun nen  dus net 

zoa ls  m o rfo lo g is c h e  ken m erke n  in een g e fra g m e n te e rd  la n d sch a p  e vo lu ­

eren to t  m in d e r m o b ie le  fen o type s .

Aan de hand van ve ld e xp e rim e n te n  hebben w e ve rvo lgen s  b ij P. m o n tico la  

de ve ra n d e rin g e n  in de cu rso ris ch e  e m ig ra tie  o n d e rz o c h t in fu n c tie  van de 

h a b ita tk w a lite it [h o o fd s tu k  l l l . j ] .  T e g e lijke rtijd  hebben w e he t o r ië n ta t ie g e ­

d rag  o p  v e rsch ille n d e  a fs tande n  van de rand van he t g ras land  in de m os- 

d u in m a tr ix  geobserveerd  tijd e n s  tw ee  re levan te  p e riode n  in de a d u lte  

levensfase, n a m e lijk  de p e rio d e  van c o p u la tie  en re p ro d u c tie . H ie ru it  b lijk t 

da t de c u rso ris ch e  a c t iv ite it  s t i jg t  in de h a b ita t van lage k w a lite it, w a a r de 

p o p u la tie d e n s ite it o o k  laag is, en da t d it  re su lte e rt in een ve rh o o g d e  e m i­

g ra tie . In d it  h a b ita t w as de v ro u w e lijk e  cu rso ris ch e  a c t iv ite it  ze lfs  h o ge r 

dan d ie  van de m a n n e tje s , w a a rd o o r v ro u w e lijk e  P. m o n tico la  in deze lfde  

m a te  e m ig re e rd e n  ais m a n n e tje s . In de p o p u la tie s  van hoge k w a lite it, en 

m e t een hogere  p o p u la tie d ic h th e id , w o rd t de e m ig ra tie  daaren tegen  d u id e ­

li jk  d o o r het m a n n e tje  g e d o m in e e rd . N och  de m a n n e tje s  noch de v ro u w tje s  

kun nen  z ich  in m e i, d .i. de p e rio d e  tijd e n s  w e lke  het g ras land  even ho og  

s taa t ais het m o s d u in , o rië n te re n  ten  o p z ic h te  van de rand van he t g ra s ­

land . In ju n i,  daa ren teg en , hebben w e geen o r ië n ta t ie  t.o .v . het g ras land ha - 

b ita t o p g e m e rk t in de la g e -d e n s ite its p o p u la tie  [lage d iffe re n tië le  vegeta tie - 

ho o g te  te n  o p z ic h te  van de m o s d u in m a tr ix ], m a a r w e l b ij v ro u w tje s  te g e n ­

ove r he t h o g e kw a lite itsg ra s la n d , w a a r de ve g e ta tie  d u id e li jk  h o g e r is dan die 

van he t m o s d u in . A ang ez ien  deze o r ië n ta t ie  enke l ge beurde  o p  korte  

a fs tand  van het g ras land , w ijze n  de gevonden  o r ië n ta t ie p a tro n e n  o p  de aan­

w e z ig h e id  van een g e s la ch tsa fh a n ke lijke  v isue le  pe rce p tie  o f  o p  een 

g e s la ch tsa fh a n ke lijke  m o tiv a tie  om  te ru g  te  keren naar he t g u n s tig e  gras- 

la n d h a b ita t. V e rh oogd e  e m ig ra tie  ais ge vo lg  van een ve rh o o g d e  m o b ilite it  

en he t o n tb re ke n  van o r ië n ta t ie  te n  o p z ic h te  van het g ra s la n d h a b ita t d u id e n  

dan w e e r o p  he t v o o rk o m e n  van een A lle e -e ffec t in  g ras land en  van lage 

k w a lite it m e t lage p o p u la tie d ic h th e id .
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W e kom en o p  basis van de ve rsch ille n d e  de e lond erzo eken  u it het tw eede 

deel to t  de co n c lu s ie  da t d isp e rs ie  d o o r b a llo o n in g  b ij sp in n e n  van de 

g e frag m en tee rde  g r ijze  ku s td u in e n  tegen geselectee rd w o rd t ind ie n  hun kan­

sen om  een ge sch ik t h a b ita t te  be re iken , da len [h o o fd s tu k  111.8], De ne ig in g  

to t  b a llo o n in g  is b ijg e vo lg  heel laag in s te rk  ge ïso leerde  p o p u la tie s  o f  bij 

s te rk  gespec ia lisee rde  so o rte n  van het g rijze  d u in . D aarenboven  w o rd t d is ­

pe rs ie  b ij sp inn en  in hoge m a te  be ïnv loed d o o r o m g e v in g ssp e c ifie ke  fa c to ­

ren, zow e l v o o r b a llo o n in g  [n l. acu u t vo e d se lte ko rt, voe dse ls tress  en te m p e ­

ra tu u r tijd e n s  de ju ve n ie le  o n tw ik k e lin g , m a te rn a le  h a b ita tk w a lite it en land- 

sch a p sco n fig u ra tie ] ais v o o r cu rso risch e  d isp e rs ie  [n l. h a b ita tk w a lite it en 

aard van veg e ta tie ove rgang  tu sse n  h a b ita t en m a trix ]. N oga l w a t va ria tie  

b lijk t  n ie t te  ve rk la ren  te  z ijn , zoa ls  aa nge to o n d  v o o r b a llo o n in g  b ij Erigone 

atra  en cu rso risch e  d ispe rs ie  b ij Pardosa m on tico la . D ie  s te rk  ve ra n d e rlijke  

d isp e rs ie te n d e n se n  z ijn  in o v e re e n s te m m in g  m e t de ge m eng de  e v o lu tio n a i­

re s tab ie le  s tra teg ie , w a a rb ij iede r in d iv id u  van een gene tisch  m o n o m o rfe  

p o p u la tie  een w ille ke u rig e  d isp e rs ie s tra te g ie  k iest u it een g e m e e n sch a p p e lij­

ke p ro b a b ile its ve rd e lin g , d ie  aanpasbaar is aan de loka le  o m g e v in g s o m s ta n ­

d igh ede n , in c lu s ie f m a te rn a le  e ffecten . Deze o g e n s c h ijn lijk e  w ille ke u rig e  

s tra teg ie  kan u ite raa rd  w e l het re su ltaa t z ijn  van d o o r ons m o e ilijk  te  bepa­

len om g e v in g se ffe c te n . In te g e n s te llin g  to t  de hoge on verk laa rba re  en vleks- 

pec ifieke  va ria tie , to n e n  a lgem ene  m o d e lle n , ge s toe ld  o p  een u n ifo rm e  w ille ­

keu rige  d ispe rs ie , aan da t d isp e rs ie  he t v o o rko m e n  van soo rten  en p o p u la ­

tie d y n a m ie k  b e ïnv loed t. In te rd e m isch e  va r ia tie  in  d isp e rs ie  is dus be la n g rijk  

va n u it een e co lo g is c h -e v o lu tio n a ir pe rspec tie f, m a a r van m in d e r be lang  vo o r 

syne co log isch e  pa tro n e n . U ite ra a rd  z ijn  in te rac ties  tu sse n  in d iv id u e le  va r ia ­

t ie  in d isp e rs ie  en p o p u la tie d yn a m ie k , zoa ls  be d iscuss iee rd  in d it  p ro e f­

s c h r if t, veel com p le xe r dan d ie  o p g e n o m e n  in de g e b ru ik te  m o d e lle n . H e t 

in te g re ren  van ge d ra g sm e ch a n ism e n  zou , op  z ijn  m in s t v o o r enkele soo rten , 

de b io lo g isch e  re le van tie  van p o p u la tie d yn a m isch e  m o d e lle n  ve rhogen . 

V oora l v o o r s te rk  be dre igde  soo rten  kunnen be tere in z ich te n  in p o p u la tie ­

dyn a m isch e  processen le iden to t  be tere be sch e rm in g sm a a tre g e le n  ervoor.
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De im p le m e n ta tie  van on ze  o n d e rzo e ks re su lta te n  in m aa tre ge len  ten  be­

hoeve van n a tu u rb e h e e r in de V laam se  en o m lig g e n d e  k u s td u in e n  langs de 

N o o rd ze e  h o u d t v o o rn a m e lijk  he t b e houd  in van h a b ita ts  gebond en  aan het 

ge stresseerde  en d yn a m isch e  d u in la n d s c h a p  [h o o fd s tu k  IV .i],  Z o  zou den  

een e x te n s ie f b e g ra z in g sb e h e e r en he t he rs te l van eo lisch e  d yn a m ie k  de 

c o n n e c tiv ite it en het o p p e rv la k  van de g r ijze  d u in e n  a a n z ie n lijk  doen to e n e ­

m e n . En d ie  v e ra n d e rin g  in de la n d s c h a p s c o n fig u ra t ie  ve rzeke rt vo o ra l het 

vo o rtb e s ta a n  van typ isch e  s te n o to p e  so o rte n  d ie  o ve r een s le ch t o n tw ikke ld  

d isp e rs ie ve rm o g e n  besch ikken .
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M inisterie van de 
Vlaamse Gemeenschap

In s titu u t voor 
Natuurbehoud

C o l o f o n

0 /2 0 0 4 /3 2 4 1 /1 7 7
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D is p e rs a l is c ru c ia l in  s t r u c tu r in g  sp e c ie s  d is t r ib u t io n ,  p o p u la t io n  s t ru c tu re  and  sp e c ie s  

ra n g e s  a t la rg e  g e o g ra p h ic a l sca les  o r  w ith in  lo ca l p a tc h ily  d is t r ib u te d  p o p u la t io n s .  The 

k n o w le d g e  o f  d is p e rs a l e v o lu t io n ,  m o t iv a t io n ,  its  e ffe c t on  m e ta p o p u la t io n  d y n a m ic s  and 

sp e c ie s  d is t r ib u t io n  a t m u lt ip le  sca les  is p o o r ly  u n d e rs to o d  and  m a n y  q u e s t io n s  re m a in  

u n s o lv e d  o r  re q u ire  e m p ir ic a l v e r if ic a t io n .  In th is  th e s is  w e  c o n t r ib u te  to  th e  k n o w le d g e  

o f  d is p e rs a l,  by s tu d y in g  b o th  e c o lo g ic a l and  e v o lu t io n a ry  a s p e c ts  o f  s p id e r  d is p e rs a l in 

f ra g m e n te d  g rey  d u n e s . S tu d ie s  w e re  p e r fo rm e d  a t th e  in d iv id u a l,  p o p u la t io n  and 

a s s e m b la g e  leve l a n d  in d ic a te  th a t  b e h a v io u ra l t r a i ts  n a r ro w ly  lin k e d  to  d is p e rs a l,  c o n ­

s id e ra b ly  s h o w  [a d a p tiv e ] v a r ia t io n  in  fu n c t io n  o f  h a b ita t  q u a lity  and  g e o m e try . D is p e rs a l 

a ls o  d e te rm in e s  s p id e r  d is t r ib u t io n  p a tte rn s  and  m e ta p o p u la t io n  d y n a m ic s . 

C o n s e q u e n tly , o u r  re s u lts  s tre s s  th e  need to  in te g ra te  k n o w le d g e  on  b e h a v io u ra l e c o lo g y  

w ith in  th e  s tu d y  o f  e c o lo g ic a l la n d s c a p e s .
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