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ABSTRACT: This paper describes the macroflora and macrofauna associated with two bull kelp 
species, Laminaria hyperborea and L. digitata, at the island of Helgoland, North Sea. During a study 
period of seven months (March-September 1987), 29 macroflora species and 125 macrofauna 
species were found. The dominant taxonomic groups were Polychaeta (25 species), Bryozoa (17), 
Amphipoda (14), Hydrozoa (10) and Ascidiae (8). The species maximum was in July. In general, L. 
hyperborea was preferred as a substrate for settlement to L. digitata. Compositio n of the com- 
munities associated with kelp changed.during the season accordim:j to exposure to wave action, and 
according to location on the kelp thallus. The rhizoid community of both kelps bore more species at 
exposed locations. Wave-exposed L. digitata lacked obvious faunal settlement on both phylloid and 
cauloid. Phylloid and cauloid of L. hyperborea were chosen as an attractive substrate at both 
sheltered and wave-exposed locations, showing an association of encrusting bryozoan and hydro- 
zoan colonies. 

INTRODUCTION 

Laminariaceae frequently dominate  rocky coasts in tempera te  waters. They are 

widely  distributed around the island of Helgoland,  and there provide a Suitable habitat  
for a wide variety of flora and inver tebrate  fauna. 

Studies of epifaunal  communities associated with Laminariales have  already been  

publ ished (see Ebling et al., 1948; Sloane et al., 1957; Ghelardi,  1971; Wing & Clenden-  
ning, 1971; Moore, 1973; Norton, 1971; Seed & Harris, 1980). 

Most of them compare marine hard-bottom communit ies  and those on intertidal 

macroalgae,  Fucus serratus (Hagerman, 1966; Boaden et al., 1975, 1976; Haage  & 
Jansson, 1970; Stebbing,  1973; Seed & O'Connor,  1981a, b; Seed et al., 1981; Seed, 1985; 

Janke,  1986; Oswald & Seed, 1986). 

This paper  describes epifaunal communit ies  associated with Laminaria digitata and 
L. hyperborea. We focussed on the following questions: 

Which flora and fauna are associated with L. hyperborea and L. digitata? 
Is there a different association on L. hyperborea and L. digitata? 
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Are  there  different  communit ies  associa ted  with phylloid,  cauloid, a n d  rhizoid? 
How does  the  composit ion of the epi faunal  association change  with e x p o s u r e  to wave  

action? 
Is there  any change  in the  composi t ion of the communit ies  dur ing t h e  season? 
Are overgrowth  and  biological  pa t te rns  important  for the composi t ion  of the  com- 

munit ies? 

MATERIAL AND METHODS 

Kelps were  sampled  from two locations (Fig. 1): 
(a) Si idhafen:  she l te red  from wave  action, low turbidity;  
(b) NE-Reede:  exposed  to wave  action, h igh  turbidity.  
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Fig. 1. Map of the island of Helgoland showing the sample sites (x) "Sfidhafen" (sheltered) and 
"NE-Reede" (exposed) 



Macrofauna and macroflora associa ted with Lammar/a  41 

In March/Apri l ,  July  and September ,  8 ke lp  plants  of each  species  were  t a k e n  from 
their  natura l  habi ta t  by  SCUBA divers, carefully enclosed in large  plast ic  sacks  kep t  
damp whilst  be ing  t ranspor ted  to the laboratory.  

The flora and fauna found on phyl loid and cauloid were  identif ied immedia te ly .  
Species  from the rhizoid were  fixed in 4 % fo rma ldehyde / seawa te r  and  the mobile  
species  were  re ta ined  by sieving the fixed samples  through a gauze  of 500 x 10 -6 m. 
N u m b e r  of individuals  and  colonies on the thal lus and the degree  of cover of encrus t ing  
species  were  d ivided into three classes: 
(a) individuals  or colonies: 1-10 

11-100 
101-1000 

(b) cover (%): 1-10 
11-50 
51-100 

A similarity analysis  of the macrofaunal  associat ions in the rhizoids of both Laminaria 
hyperborea and L. digitata was made  by  us ing the Sorensen- index  for a pai rwise  
comparison of all samples.  The results were  c lus tered  by us ing the furthest  ne ighbour  
method.  

RESULTS 

In Table  1, all the macroflora and fauna  species  are  l is ted that  were  found in 
associat ion with Laminaria digitata or L. hyperborea be tween  March  and S e p t e m b e r  
1987 at the two study sites. 

Organisms marked  with an "* " were  found only in a pre l iminary  study, in Sep- 
t ember  1986 and January  1987, but  they were  not considered for the  results.  Species  
marked  with a "+"  were  not found on L. digitata. 

29 macroflora and 125 macrofauna  species  were  found in associat ion with L. digitata 
or L. hyperborea. The max imum of species  were  found in July. 

The Rhodophyceae  (50 % of all flora species) domina ted  throughout  the year.  The 
most abundan t  taxa were:  Polychaeta  (20 % of all d iverse  fauna species), Bryozoa (14 %), 
Amph ipoda  (11%),  Hydrozoa (8 %), Ascid iae  (6 %), Bivalvia (6 %), Nemer t in i  (5 %), 
Prosobranchia  (5 %), Porifera (4 %), Opis thobranchia  (3 %) and  Pantopoda  (3 %). Other  
regular ly  occurring groups were:  Anthozoa,  Pantopoda,  Cirr ipedia,  Isopoda,  Anomura ,  
Brachyura,  and  Echinodermata .  

Tables 2 and 3 show the distr ibution and abundance  of dominant  rnacroflora and 
macrofauna  species  on L. digitata and L. hyperborea I987 at the two study sites. 

The different abiotic factors from the "Sfidhafen" and "NE-Reede"  inf luenced  the 
composit ion of the communities.  The number  of species  and their  abundance  were  h igher  
at sites of fast flowing, turbulent  water  (NE-Reede).  In slow moving water  (Stidhafen), 
especia l ly  the  calcified and sensi t ive member s  of the communi ty  (some bryozoans,  
ascidians,  mobile  forms) were  most abundant .  

The associat ion on L. digitata and L. hy1aerborea at the same study site showed  a very 
similar composition. At both s tudy sites, especia l ly  on the "NE-Reede" ,  the rhizoids  were  
set t led by  more diverse communit ies  than cauloids  and phylloids.  

At the exposed  site, the fauna on the phyl lo id  surface of L. hyperborea was 
domina ted  by  Membranipora membranacea, Obelia geniculata and Gibbula cineraria. 
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Table 1. The  macroflora and  macrofauna associated with Laminaria digitata and L. hyperborea at 
two different sites at Helgoland (March - September  1987). Organisms marked with an  ~ * " were 
found in a previous examinat ion (September 1986 - January  1987). Species marked  with a "+"  were 

not found on .L. digitata 

Macroflora and macrofauna 

C h l o r o p h y c e a e  
Acrosiphonia centralis (Lyngb.) 
Acrosiphonia sonderi (K/itz.) 
Cladophora sericea (Huds.) 
Chaetomorpha melagonium (Web. et Mohr) 
Rhizoclonium kochianum Kfitz. + 
Ulva sp. (juv.) Linn6 
Enteromorpha spp. Link + 

P h a e o p h y c e a e  
Ectocarpus fasciolatus Harv. 
Laminariocolax tomentosoides (Parl.} 
Litosiphon ffliformis (Reinke) 
Desmarestia aculeata Lamarck 
Desmarestia viridis (O. F. M/ill.) 
Laminaria digitata (Huds.) 
Laminafia hyperborea (Gunn.) 

R h o d o p h y c e a e  
Audouiniella membranacea (Magn.) 
Trailliella intricata Batters 
Cystoclonium purpureum (Huds.) + 
Phyttophora sp. Greville 
Chondrus czispus Stackh. + 
Corallina officinalis Linne 
Dermatolithon pustulatum (Lamarck) 
Melobesia membranacea (Esper.) 
Hildenbrandia rubra (Sommerf.) 
Ceramium rubrum {Huds.) 
Plumaria elegans (Bonnem.) 
Delesseria sanguinea IHuds.) 
Membranoptera alata (Huds.) 
Polysiphonia urceolata {Lightf. et Dillw.) 
Rhodomela sp. C. Agardh 

P o r i f e r a  
Leucosolenia botryoides (Montagu, 1812) + 
Scypha ciliata (Fabncius, 1780) + 
Scypha coronata (Ellis & Solander, 1786) + 
Halichondria panicea (PalMs, 1766) 
Halisarca dujardini Johnston, 1842 + 

Hydrozoa 
Cozyne pusilla Gfirtner, I774 
Plumularia setacea (Linn4, 1758) 
Sertularella rugosa (Linn4, 1758) + 
Hydrallmania falcata (Linn4, i758) + 
Dynamena pumfla (IAnn4, 1758) 
Sertutazia cupressia Linn~, 1758" 
Laomedea flexuosa Hincks, 1868 + 

Obelia geniculata (Linn~, 1758) 
Obelia longissima (Pallas, 1766) 
Obelia dichotoma (Linn~, 1758) 
Obeh'a gelatinosa (Pallas, 1766) 

S c y p h o z o a  
Aurelia aurita [Scyphopolyp) Linn8, 1746 + 

A n t h o z o a  
Actinia equina (Linn4, 1758) + 
Metndium senile (Linn4, 1761) 
Sargatia elegans (Dalyell, 1848)* 
Sargatiogeton undatus (M/iller, 1788)" 

B r y o z o a  
Cfisia eburnea (Linn4, 1758) 
Tubulipora sp. Lamarck, 1816 
Alcyonidium gelatinosum {Linn6, 1761) 
Plustrellidra hispida (Fabricius, 1780) 
Bowerbankia imbricata (Adams, 1800) 
Bowerbankia gracflis (Linn4, 1767) 
Cribrilina punctata {Hassall, 1841)* 
Cryptosula pallasiana (Moll, 1803) 
Escharella variolosa (Johnston, 1838) 
CelleporelI,a hyalina (Linn4, 1767) 
Membranipora membranacea (Linn4, 1767) 
Conopeum reticulum (Linn4, 1767)* 
Electra pilosa (hinn4, 1767) 
Plustra foliacea (Linn~, 1758) + 
Callopora lineata (Linn~, 1767) 
Callopora aurita (Hincks, 1877) + 
Membraniporella nitida (Johnston, 1883) + 
Scrupocellaria scruposa {Linn6, 1758) 
Bugula stolonifera Ryland, 1960 + 

S i p u n c u l i d a  
Golfingia minuta (Keferstein, 1862) + 

N e m e r t i n i  
Procephatothrix filiformis (Johnston, 1828-29) + 
Lineus tuber (Mfiller, 1774) 
Lineus viridis (Mfiller, 1774)" 
Amphiporus bioculatus McIntosh, 1873 
Micrura fasciolata Ehrenberg,  1831 + 
Oerstedia dorsalis {Abildgaard, 1806) 
Tetrastemma candidum (Mfiller, 1774)* 
Tetrastemma vermiculus (Quatrefages, 1846) 

M o l l u s c a / P r o s o b r a n  c h i a  
Gibbula cineraria (Linn6, 1758) 
Rissoa parva (Da Costa, 1779) 
Onoba aculeus (Gould, 1841) 
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Macrofauna 

M o l l u s c a / P r o s o b r a n c h i a  
Hydrobia ulvae (Pennant, 1777) 
Hydrobia ventrosa (Montagu, 1803)* 
Lacuna divaricata (Fabricius, 1780) 
Lacuna pallidula (Da Costa, 1879) 
Littonna mariae Sacchi & Rastelli, 1966' 

M o l l u s c a / O p i s t h o b r a n c h i a  
Retusa truncata (Brugui~re, 1792) ~ 
Onchidoris bflamellata (Linn4, 1767) + 
Onchidoris muncata (Mfilter, 1767) 
Coryphella gracilis (Alder & Hancock, 1844) + 
Cuthona concinna (Alder & Hancock, 1844) + 

M o l l u s e a / B i v a l v i a  
Nucula nucleus Linn4, 1767 + 
Moch'olus modiolus (juv.) (Linn4, 1799) 
Mytilus edulis (Linn4, 1758) 
Anomia ephippium (juv.) Linn4, 1758" 
Cerastoderma sp. Poli, 1795 + 
Spisula solida (Linn4, 1758) + 
Hiatella artica (Linn4, 1767) 
Hiatella galh'cana (Pennant, 1777)* 
Mya truncata Linn~, 1758 

P o 1 y c h a e t a (Errantia) 
Harmothoe impar (Johnston, 1839)" 
Sthenelais boa (Johnston, 1839) 
Anaitides maculata (Linn6, 1767) 
Eumida sanguinea (Oerstedt, 1843) 
Eulalia vifidis (Linn~, 1767) 
Streptosyllis websteri Southern, 1914 
Typosyllis armillaris (O. P. Mfiller, 1776) + 
Sy1fides articulocirratus Gillandt, 1979" 
Autolytus edwards1 Saint-Joseph, 1887 
Autolytus prollfer (O. F. Mfiller,' 1776} 
Procerea cornuta (Agassiz, 1862} 
Nereis diversicolor O. F. Mfiller, 1776" 
Nereis pelagica Linn4, 1761 

P o 1 y c h a e t a (Sedentaria) 
Poiydora ciliata (Johnston, 1838} 
Polydora quadiilobata Jacobi, 1883 + 
Caulleriella bioculata (Keferstein, 1862}" 
Cirratulus cirratus (O. F. Mfiller, 1776) + 
Chaetozone setosa Malmgren, 1867 + 
Capitella capitata (Fabricius, I780} + 
Arenicoia marina (Linn4, 1758)* 
Amphitnte figulus (Dalyell, 1853) 
Nicolea zostericola (Oersted, 1844) 
Lanice conchilega (Pallas, 1766) 
Sabellaria alveolata (Linn4, 1767) 

Sabellaria spinulosa Leuckart, 1849" 
Fabricia sabella (Ehrenberg, 1836) 
Pomatoceros triqueter (Linn~, 1767) 
Circeis spirillum (Linn4 1758) 
Janua pagenstecheri Quatrefages, 1865 
Spirorbis spirorbis (Linn4, 1758) 
Spirorbis tridentatus (Levinsen, 1883) 

O l i g o c h a e t a  
Oligochaeta sp. 

P a n t o p o d a  
Nymphon rubrum Hodge, 1865 
Achefia hispida Hodge, 1864 
Pycnogonum littorale (Strbm, 1762)* 
Anoplodactylus angulatus (Dohrn, 1881) 
Anoplodactylus petiolatus (Kroyer, 1884) 

C r u s t a c e a / C i r r i p e d i a  
Verruca stroemia (Mfiller, 1776) 
Balanus crenatus Brugui~re, 1789 

C r u s t a c e a / M y s i d a c e a e  
Mysis reficta (Lov~n) + 

C r u s t a c e a / A m p h i p o d a  
Gammarellus homari (Fabricius, 1779) 
Gammarellus angulosus (Rathke, 1843) 
Gammarus (juw) sp. Fabricius, 1775" 
A4e/ita palmata (Montagu, 1804)* 
Calliopius laeviusculus (Krbyer, 1838) 
Apherusa ovalipes Norman & Scott, 1906 + 
Apherusa jurinei (Milne & Edwards, 1830) 
Apherusa bispinosa (Bate, 1857) 
Dexamine spinosa (Montagu, 1813) 
Dexamine rhea Boeck, 1861 
Orchomenella nana (Kr6yer, 1846) 
Arnpelisca tenuicornis Lilljeborg, 1855 + 
Jassa falcata (Montagu, 1808) 
Jassa marmorata Holmes, 1903 
Corophium insidiosum Crawford, 1937 
Caprella linearis (Linn6, 1767) 

C r u s t a c e a / C u m a c e a  
Bodotna scorpioides (Montagu, 1804)" 

C r u s t a c e a / I s o p o d a  
Idotea granulosa Rathke, 1843 
Idotea pelagica Leach, 1815" 
Janira maculosa Leach, 1814 

C r u s t a c e a / N a t a n t i a  
Crangon crangon (Linn~, 1758) + 
Eualus occultus (Lebour, 1936) 
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Macrofauna 

C r u s t a c e a / A n o m u r a  
Galathea intermech'a Lilljeborg, 1851 + 
Galathea squamdfera Leach, 1815 

C r u s t a c e a / B r a c h y u r a  
Carcinus maenas (Linn6, 1758) + 
Pilumnus hirtellus (L inn6 ,  1761)  

E c h i n o d e r m a t a  
Asterias rubens  I.innG 1 7 5 8  
Amphiphol is  squamata (Del le  C h i a j e ,  1 8 2 8 ) "  

A s c i d i a e  
Clavelina lepadiformis (Mfi l ler ,  1776)  
SidnFum turbinatum S a v i g n y ,  1 8 1 6  
Didemnum maculosum M f l n e  E d w a r d s ,  1841  

Ascidiella aspersa (Mfiller, 1776) 
Dendrodoa grossularia (van Beneden,  1846) + 
Botryllus schlosseri (PaUas, 1766) 
BotyUoides leachi (Savigny, 1816) + 
Molgula citrina Alder & Hancock,  1848 + 

P i s c e s  
Cycloptems lumpus (juv.) (Linn6, 1758) + 
Lipans h'pads (juv.) (~nnd, 1758) + 

S p a w n clutches 
Lacuna divaricata 
Lacuna pallidula 
Opisthobranchia 
Agonus cataphractus (LinnG 1758) + 

T a b l e  2. T h e  d i s t r i b u t i o n  of t h e  m o s t  a b u n d a n t  m a c r o f l o r a  a n d  m a c r o f a u n a  s p e c i e s  o n  taminaf ia  
digitata i987 on two different sites near Helgoland. Amounts of individuals (N: <>) and colonies 

(%: []) were divided into three classes: <> [] 1-10/4~Gi l l -50 /4bm 51-100 

Sheltered 
Location Phytt0id Cauloid 

Honth of samq[ing HIA J S HIA J S 
~ C o v e r . . Z [ % l  10 20 80 

Ulva spec. 0 0 0 
Ecfocarpus fascio/atus 4> 0 
Laminarioco/ax fomenfos. �9 0 
Lifosiphon fi l i formis e 0 
T'rail//ella infr icafa 0 0 

o. Dermafolithon pustulafum 
u_ Hildenbrandia rubra 0 

M@mhrano~fera a la fa  
Halichondria panicea 
Obelia genicutafa o I r= [] 0 
Hembranipora membranaE o o m u ~1 
Electra pilosa a o �9 a ~m 

"~ Callopora I ineafa o o 
= Fabricia sabeUa 
= Spirorbis tr idenfafus 

Verruca sfroemia 
Sidnyum turbinatum 

o Bofryllus schlosseri [] 
. 4 ~ g g . s ]  
Nicolea zostericola 0 

LL Gibbula cineraria 0 0 
Rissoa parva 0 0 
Onoba aculeus 
Lacuna divaricafa 0 

= Eulalia viridis 
Autolytus pro l i fe r  0 

~> Nereis pelagica 0 
Jassa spp. 0 
Corophium insidiosum 0 0 
]ani ra maculosum 0 

20 30 

Exposed 
Rhizoid PhyL[oid Cau[oid Rhizoid 

ttlA J S ~A J S fflA J S 4/A ~ S 
10 20 30 ~ I 0 ~ I 0 < 1 0  <10  510  ~ I 0  30 t,0 50 
0 0 0 0 0 0 0 

0 0 0 0 0 
0 0 
0 0 0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 

0 �9 J D O 0 
0 0 0 0 O 

o �9 �9 o o [] J g 

rl 0 

o [] [] o 

o o 
o o o o o o 

0 0 0 0 0 
0 0 0 

0 0 0 0 0 0 
0 0 0 

0 0 0 0 0 
iO 0 0 0 

0 0 

0 0 0 0 0 

0 0 0 0 0 0 
0 0 0 0 0 
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Spawn clutches of Lacuna divaricata were found in March/April. On the L. digitata 
phylloid, only a few small colonies of Membranipora membranacea and spawn clutches 
of Lacuna divaricata were found. 

At the sheltered site, phylloids were settled by patches of bryozoans, ascidians, 
hydrozoans (see Tables 2, 3). 

Cauloid of L. hyperborea at the exposed site had a typical colonization characterized 
by Afembranipora membranacea, Electra pilosa, Membranoptera alata, Polysiphonia 
urceolata, Delesseria sanguinea (Tables 2, 3). 

In the "Sfidhafen", only bryozoan colonies were found on the cauloids of L. hyper- 
borea. L. digitata cauloids on the NE-Reede were not settled by sessile species but  a few 
colonies of Electra pflosa and Membranipora membranacea settled on the cauloids in the 
"S/idhafen". 

The highest  abundance  of species associated with the rhizoid was found on the "NE- 
Reede". In the "Stidhafen", a similar but  less diverse association was found (Tables 2, 3). 

At both localities, L. hyperborea was usually associated with more species (125 fauna 
and 29 flora species) than L. digitata (83 fauna and 24 flora species) (Table 1). 

An increasing amount  of colonies and a more widespread distribution were found 
dur ing the seven months for Electra pflosa, NIembranipora membranacea, and  Obelia 
geniculata, with a maximum in September. Botryllus schlosseri and Ascidiefla aspersa 

T a b l e  3. T h e  d i s t r i b u t i o n  of t h e  m o s t  a b u n d a n t  m a c r o f l o r a  a n d  m a c r o f a u n a  s p e c i e s  o n  Laminaria 
hyperborea  1987 on  t w o  d i f f e r e n t  s i tes  n e a r  H e l g o l a n d .  A m o u n t s  of i n d i v i d u a l s  (N: O )  a n d  c o l o n i e s  

(%: [2) w e r e  d i v i d e d  into t h r e e  c lasses :  O []  1 - 1 0 / ~ [ ]  1 1 - 5 0 / O I  5 1 - 1 0 0  

Location 
Month of sornpLinc I MIA J S HIA 

~ C o v e r  [%]  10 30 80 10 
Ulva spec. 0 0 
Trailh'ella intricate 0 0 
Oermatolithon pustulatum 

o Hi/denbrandie rubra 0 0 0 
Ceramium rubrum 0 0 0 

~. Membranoptere alafa 0 0 
Polysiphonia urceolata 0 0 
Leucosolenia complicate 0 
Halichondria panicee 
Plumulerie setacea 
Serfularelia rugosa 
Obelie geniculafa [] ~ a 
Eelleporelle hyaline [] o o 

'= Membrampora membranac o a �9 
Electra pilosa [] [] 
Callopora l ineata o 
Spirorbis tr identafus 0 0 
Ascidielle asperse �9 

0 Bofryllus schlosseri [] o 
Agonus cafafracfus[eqgsl 

--MetFidium senile 0 
Hyfilus edu/is 
5ibbule cineraria 0 0 
Rissoa perva �9 

~[ Lacuna divariceta 0 
.---i Euleh'e viridis 

Aufolyfus prol i fer 
Nereis pelegice 
Jesse spp, 0 0 
Eorophium insidiosum 

SheLtered Exposed 
Phy[[oid Cautoid Rhizoid Ph),[[oid Cau[oid Rhizoid 

J S 4/A J S 4/A J S H/A J S H/A J S 
60 80 20 ~.0 60 ~10 10 50 70 80 90 50 60 80 

0 0 0 0 0 0 0 0 0 0 0 $ 
0 0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 �9 �9 �9 0 0 0 

0 0 0 0 0 0 0 0 0 
0 0 0 0 

0 0 �9 0 0 �9 �9 
o 

o o o  

o o o o o o i ~ j  
o o o ~ @ @  O 0  
O o @  O @ ~ m  O O  

@ ~ o o @ o  a m u  
Q O I Q  

O 0  0 0  

o o [] 
0 0 
O O 0 

o o o 

[] [] I 

o �9 �9 
o i l  o 

0 

o 
[] o 

O O 
�9 O �9 �9 O O �9 

O O O O 
O O 

<> O O O 
O O O 

O O �9 �9 O O �9 
O O O <> 

O O O 
O O O 
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Fig. 2. The macrofauna associated with Laminaria hyperborea and L. digitata at Helgoland 
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appeared in July and  increased up to September. Caflopora lineata and  Celleporella 
hyalina appeared during the study period and decreased in September. In general,  the 
cover and species maximum was in July. 

Annua l  phylloid development  and loss of both Laminaria species inf luenced the 
patterns of cover and faunal  associations. The seasonal change of the associations was 
more obvious on one-year  old parts (phylloid) than on perennia l  parts (cauloid, rhizoid) of 
the kelp. In July, cover and  diversity were lower on phylloids, especially on those at the 
exposed site (Tables 2, 3). 

L. digitata cauloids showed a small amount  of species, and a maximum cover of 30 % 
(flora and  fauna) in September in the "Sfidhafen", while L. hyperborea had 80 % cover at 
the exposed station, and in September in the "Stidhafen" (Tables 2, 3). 

The cover of settling organisms on the rhizoid increased from March to September  on 
both kelp species at both sites, in particular at the exposed locality, where up to 80 % of LI 
hyperborea was covered. 

Primary settlers were in order of occurrence: Membranipora membranacea, Electra 
pilosa, and Obelia geniculata; Near the " collar" -region, especially Membranipora mem-  
branacea colonies spread widely and grew in the direction of the intercalar zone. 

We first found Membranipora membranacea colonies in July on the phylloids of 
L. hyperborea (at both locations), whereas colonies on the phylloid of L. digitata were 
only found in September  (only at the exposed location). 

Due to the high amount  of species and their abundance  in the "S~idhafen", there was 
a more intensive competition for space. Membranipora membranacea was always pres- 
ent, but  most conspicuous in September. Competit ion for space showed the following 
ranking  on the phylloid: Mernbranipora membranacea, Electra pilosa, Callopora lineata, 
Celleporella hyalina. Obelia geniculata overgrew other species without harming  them. 

Whenever  Botryllus schlosseri and Ascidiella aspersa settled, they outcompeted most 
of the other potential competitors for space. Only Membranipora membranacea was able 
to overgrow Botryllus schlosseri. 

On both Laminaria cauloids and at both localities, Electra pilosa was the dominant  
species. The Rhodophyceae on the cauloids of L. hyperborea on the "NE-Reede" were 
overgrown by Electra pflosa. Membranipora membranacea overgrew Electra pilosa at the 
top of the cauloids to 50 % in the "Sfidhafen" and to 30 % in the "NE-Reede". 

The species diversity of ~ e  rhizoid community  was higher than on other parts of the 
kelp. Typical competitors for space showed the following ranking Halichondria panicea, 
Electra pilosa, Caflopora lineata, and Celleporefla hyalina. 

DISCUSSION 

The attractiveness for sett lement of Laminaria hyperborea (125 fauna and 29 flora 
species) is obviously higher than that of L. digitata (83 fauna and 24 flora species) a round 
Helgoland. Figure 2 shows the typical fauna  and  flora association distributed on L. 
digitata and L. hyperborea at two different Helgoland sites. The study of the three parts of 
the kelp thallus (phylloid, cauloid, rhizoid) shows, in the Helgoland samples, a decrease 
of species density on the parts near  the phyUoid, especially at exposed stations compared 
with the sheltered regions. 

The most attractive place for faunal set t lement were the rhizoids, but  there was no 
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h o m o g e n e o u s  composition. The samples  of L. hyperborea rhizoids are  p l a c e d  in two 
different  groups  by  the cluster  analysis  (Fig. 3). One consis ted of s a m p l e s  from the 
"Nordos t -Reede ' ,  while  the other consisted of those from the SfidhaferL Within both 
groups,  h ighes t  s imilari ty occurred be tween  the samples  of July  and S e p t e m b e r .  Conse-  
quently,  wave  exposure  s eemed  to p lay  a more impor tant  role in communi ty  composi t ion 
than  seasona l  inf luences (which also exis ted showing a low similari ty b e t w e e n  spr ing and  
summer  samples).  

Cluster  results  for L. digitata samples  differed substant ia l ly  from those  of L. hyper- 
borea. Highes t  similari ty was measu red  in samples  from the same dates ,  showing the 
more  impor tant  effect of seasonal  factors for the communi ty  composi t ion.  The  reason 
therefore  may  be  the  lack  of 26 species  in L. digitata rhizoids, which  s h o w e d  a sensit ivity 
to wave  exposure  or to other  factors of the specific location. The absence  of  those species  
in L. digitata rhizoids may  be  expla ined  by  the smal ler  size of the rhizoids.  

The composi t ion of the associat ions found on the two ke lps  a r o u n d  He lgo land  is 
similar to that  found in different  regions on other  kelps  such as Laminaria, Macrocystis, 
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Fig. 3. Macrofaunal composition associated with the rhizoids of Laminaria hyperborea and L. 
digitata at the island of Helgoland. Similarity analysis using Sorensen index (see Braun-Blanquet, 
1964) for a pairwise comparison for the samples. Indices were clustered by furthest neighbour 

method (Steinhausen & Langer, 1977) 



Macrofauna  and macroflora associated with Laminaria 49 

and Saccorhiza (Kitching et al., 1934; Sloane et al., 1957; Norton, 1971). Most  of the 
studies examined  only one part  of the ke lp  thallus (phylloid, cauloid or rhizoid) (Colman, 
1940; Ebling et al., 1948; Ghelardi ,  1971; Moore, 1973) or a de ta i led  quest ion (Wing & 
Clendenning,  1971~ Stebbing,  1972; Norton, 1973; Dixon et al., 1981; Keough,  1986). 

Norton (1971) found 89 fauna species  associa ted with Saccorhiza polyschides near  
the Isle of Man. J anke  (1986) d icovered 82 fauna species  alone in the rhizoid of L. digitata 
around Helgo land  from the shallow subt idal  region.  All these species,  with the  except ion  
of Clava multicornis, were also found in this study. 

Norton (1971) found a high reduct ion in the number  of species  towards  the  phyl lo id  
and  at exposed  sites, as we  did in this study. At shel tered locations, an inc rease  in the 
mobile  fauna species  was found on the phyl loids  when  bryozoans  and  other  sessile 
species  set t led there. This contrasts  with the f indings in exposed  regions  w h e r e  the 
fronds were  not covered with mobile  forms when  bryozoans were  present .  Wing & 
Clendenn ing  (1971) found higher  numbers  of mobile  animals  on total ly encrus ted  
phyl loids  than on c lean phyl loid samples.  

Most of the  species  found constant ly associa ted with S. polyschides were  also 
commonly  found on Laminaria kelps  near  Helgo land  (Obelia geniculata, Electra pilosa, 
Celleporetla hyalina, Catlopora lineata, Gibbula cineraria, Nereis pelagica, Jassa spp., 
Ascidietla aspersa). The distr ibution and  a b u n d a n c e  of this common species  is s imilar  to 
those on Laminaria kelps  near  He lgo land  (Fig. 2), near  Wemhury  (Kitching et  aI., 1934) 
and  near  Lough Ine (Sloane et al., 1957). 

A very typical  set t ler  on the laminar ians  is Membranipora membranacea. This 
species  shows a s t ronger  affinity to L. hyperborea fronds than to L. digitata (Helgoland),  
and  s t ronger  to L. digitata than to L. cloustoni (Wembury) (Kitching et al., 1934). This 
bryozoan is rare on L. digitata nea r  He lgo land  and near  Lough Ine (Sloane et al., 1957), 
but  abundan t  on L. hyperborea (Helgoland),  S. polyschides (Norton, 1971), and  on 
Macrocystis (Yoshioka, 1982). 

Membranipora membranacea does not set t le only on the phyl loid  but  also on the flat 
cauloids and frills of S. polyschides (Sloane et al., 1957). It was found main ly  on the 
cauloids of Laminaria spp. in the "Siidhafen".  

The exis tence of a few sessile phyta l  forms depends  on the ke lp  associat ions 
(Membranipora rnembranacea, Sertularella rugosa [obligate cauloid settler; Nishihira,  
1967], Spirorbis spirorbis). 

Most of the epi faunal  species  use the kelp  as a p lace  for se t t lement  and  not as a food 
resource.  De Burgh & Fankbone r  (1978) showed  in the case of Nereocystis luetkeana, 
l abe l led  with radioact ive  carbon (C14), that  Membranipora membranacea a b s o r b e d  the 
exudates  from this kelp. 

The cauloids of L. hyperborea are especia l ly  used  as a habi ta t  at the "NE-Reede" .  
They  presen t  a favouri le  substra te  for Rhodophyceae  (see Lfining, 1985; Hiscock, 1985). 

Moore (1973) inves t iga ted  the crustacea of the rhizoid of L. hyperborea on the 
nor theast  coast of Britain. Amphipods  represen t  and  impor tant  par t  of the vagi le  fauna. 
Moore (1973) repor ted  on the following species,  which were  also found dur ing  our 
invest igat ion:  Idothea sp., Janira maculosa, Dexamine thea, Jassa spp., Caprella linearis, 
Apherusa spp., Gammarellus homari. 

The occurrence of Nereis pelagica and the sponge  Halichondria panicea on the 
rhizoid (Hartmann-Schr6der ,  1971; Gillandt,  1979) was also found in the p resen t  study. 
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The  appearance  of new colonies of h4embranipora membranacea "was observed 
around Helgoland  in July. Norton (1971) observed a new set t lement  of th is  species on 

Saccorhiza polyschides near  the Isle of Man in May, and Seed & Harr is  (1980) found 
iPlembranipora rnembranacea be tween  June  to Sep tember  near  Strangford Lough (north- 

ern Ireland). It is remarkable  that Scrupocellaria reptans as a primary se t t ler  on Laminaria 
spp. was  not observed around Helgoland during this investigation. In o the r  regions,  this 

form is a typical kelp settler (Ebling et a.l,, 1948; Norton, 1971; Stebbing,  1972). 

The  kelp region represents  an important  zone for the d e v e l o p m e n t  of juveni le  

animals (Norton, 1971). Especially Agonus cataphractus lays its eggs  in the rhizoid of 

iaminaria around Helgoland  (KriiB, 1988). 
The  absence  of juveni le  Echinoidea (Echinus esculentus, Psammechinus miliaris) 

and the bryozoan Scrupocellaria reptans is conspicuous. The latter is f o u n d  frequent ly  on 

the phylioids of Saccorhiza (Ebling et aL, 1948; Norton, 1971) and on Larninaria spp. in 

Eire (Stebbing, 1972). 
Patina pellucida, a typical settler on Laminaria fronds (Fretter & Graham,  1976), was 

not found in this study. This gastropod has not  b e e n  repor ted  live around H e l g o l a n d  since 
1959 (Ziegelmeier,  1966), but  fresh shells of this species are washed  ashore  at the "Dfine" 

(see Pig. 1) every spring (Janke, 1987). On Saccorhiza polyschides (Norton, 1971) and on 

L. digitata in Strangford Lough (Seed & Harris, 1980), this gastropod is a v e r y  typical and 

abundant  component  of the fauna. 
The  associations of the two bull kelp species L, digitata and  L. hyperborea near  

He lgo land  show a similar pat tern to those of other kelps from different regions ,  but  they 

lack some typical dominant  settlers. 
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