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ABSTRACT

Vlsarns Instituut voor
Flandern Marine institute

The Benthic B oundary Layer (BBL) m acrofauna over a coarse sand com m unity 
at Trezen V raz (w estern English Channel) was sam pled w ith a  m odified M acer- 
G IR O Q  hyperbenthic sledge to analyse its  diel changes on tw o occasions, in 
N ovem ber 1988 (9 hauls), and in  Ju ly  1990 (11 hauls). Species com position of 
the fauna, sw im m ing activities, daily vertical m igrations, biom ass o f the princi
pal taxa, and biom ass exchanges between the BBL, the benthos, and the pelagos 
w ere studied. S ix ty-one taxa in N ovem ber and 129 taxa in July w ere sorted, 
counted, and classified into three groups: m esozooplankton, m acrozooplankton, 
and hyperbenthos. In  the m esozoop lank ton , copepods and crustacean  larvae 
w ere very abundant in July. In the m acrozooplankton, the chaetognath Sagitta  
elegans was abundant in  both sets o f sam ples, w hile the euphausiids were only 
abundant in N ovem ber, and fish larvae and the am phipod A pherusa clevei were 
only abundant in July. In both sets o f sam ples the m ost abundant taxon of the 
hyperbenthos was the m ysid  Anchialina  agilis. The densities o f all collected taxa 
fluctuated w ith daily vertical m igrations: higher densities o f m ysids and euphau
s iid s  w e re  p re s e n t  in  d a y tim e , w h e re a s  a m p h ip o d s  a n d  d e c a p o d s  w ere  
m o re  a b u n d a n t a t n ig h t. T h e  b io m a sse s  in  e a c h  h au l v a r ie d  f ro m  72  to 
303 m g /1 0 0  m 3 (m ean : 154 m g /1 0 0  m 3) in  N o v em b e r, a n d  f ro m  160 to 
1943 m g/100 m 3 (mean: 638 m g/100 m 3) in July. B iom ass exchanges between 
pelagos, B B L and benthos appeared im portant around sunset and sunrise.

RÉSUMÉ Variations nycthém érales de la m acrofaune de la couche d ’eau
adjacente au fond du peuplement de sables grossiers de la Manche 
occidentale.

La m acrofaune hyperbenthique du peuplem ent des sables grossiers de la  station 
Trezen V raz (M anche occidentale) a été échantillonnée avec une nouvelle ver
sion du traîneau M acer-G IR O Q  en deux occasions, en novem bre 1988 (9 traits) 
et ju ille t 1990 (11 traits) afin d ’en étudier ses variations nycthém érales. La com 
position spécifique de la faune collectée, son activité natatoire e t ses m igrations 
nycthém érales, la biom asse des principaux taxons, et les échanges de biom asses 
entre la couche d ’eau adjacente au fond, le benthos e t le  pélagos, ont été précisés. 
Les taxons identifiés, 61 en novem bre et 129 en ju illet, ont été répartis en trois 
grands groupes : le m ésozooplancton, le m acrozooplancton, e t l ’hyperbenthos. 
Les Copépodes e t les larves de C rustacés sont très abondants en ju ille t ; dans le 
m acrozooplancton, les Chaetognathes sont abondants dans les deux séries, tandis
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que les Euphausiacés ne sont abondants q u ’au m ois de novem bre et les larves de 
Poissons e t l ’A m phipode A pherusa  clevei q u ’en été. Dans les deux séries, le 
M ysidaeé Anchialina  agilis est l ’espèce dom inante de l ’hyperbenthos. Les densi
tés m ontrent des variations journalières : celles des M ysidacés et des Euphausia
cés sont plus élevées le jour, e t à  l ’inverse celles des A m phipodes et des D éca
podes sont plus élevées la nuit. Les biom asses m esurées dans chaque trait varient 
entre 72 et 303 m g/100 m3 (m oyenne 154 m g/100 m 3) en novem bre, et entre 160 
et 1943 m g/100 m 3 (m oyenne 638 m g/100 m 3) en juillet. Les échanges de b io 
m asse entre la  couche d ’eau adjacente au fond, le benthos et le  pélagos ne sem 
blent im portants q u ’au crépuscule et à l ’aube.

Oceanologica Acia, 1996 ,19 , 2, 141-153.

INTRODUCTION

Several studies have show n that there is a particular biolo
gical com partm ent in the Benthic Boundary Layer (BBL), 
dom inated by Peracarida and D ecapoda crustaceans which 
are food sources for dem ersal fishes. So the BBL fauna 
probably constitutes an im portant link in the food web of 
the coarse sand com m unity w hich covers a large area in 
the English Channel. This fauna has been defined using 
d iffe ren t term s: nec toben thos, ben thopelag ic  plankton, 
ben th o p lan k to n , d em ersa l Z ooplankton, hyperben thos, 
suprabenthos, and B B L fauna (see reviews in Sorbe, 1984 
and M ees, 1994). B runei e t al. (1978) inc luded  in  the 
suprabenthos ( =  hyperben thos, M ees, 1994) all sw im 
m ing , b o tto m -d e p en d e n t an im als; m ain ly  cru staceans 
w hich  perfo rm , w ith  v a ry in g  am plitude , in tensity  and 
regularity, seasonal or daily vertical m igrations above the 
sea -flo o r. W ild ish  et al. (1 9 9 2 ) in c lu d ed  in  the  B B L  
m acrofauna, the epi-endofauna, Zooplankton, fish larvae 
and all the species considered by Brunei et al. (1978) as 
suprabenthos. In the English Channel, the first inform ation 
on the hyperbenthos was provided by Dauvin and Lorgeré 
(1989), and D auvin et al. (1994) on the coarse sand com 
m unity off R oscoff (western English Channel), excluding 
the planktonic com ponents. W ang and Dauvin (1994) and 
W ang et al. (1994) provided data on the hyperbenthic and 
dem ersal m acrozooplanktonic com m unity from  a station 
offshore from  the Seine estuary (eastern English Channel). 
The objectives o f the present study o f an offshore coarse 
sand com m unity in the w estern English Channel were: (1) 
to describe the fauna in the B B L sam pled with a modified 
M acer-G IROQ between 0.10 and 1.45 cm above the sea- 
floor; (2) to assess the d iurnal vertical m igrations o f the 
dom inant species; (3) to estim ate densities and biomasses 
o f the BBL m acrofauna; and (4) to  use the available infor
m ation to calculate b iom ass exchanges betw een benthic 
and pelagic environm ents separated by the BBL.

M ATERIAL AND M ETH OD S 

S tudy  site

The station “Trezen V raz” (48° 51.20’ N; 3° 53.42’ W), 
located in the north o f R osco ff harbour, consists o f bio- 
clastic coarse sand w ith a benthic m acrofauna belonging to 
the Venus fa sc ia ta  com m unity (Dauvin et a l., 1994). The 
station depth is about 75 m  and it lies within a thermoho-

m ogenous area characterized by low annual variations in 
salinity, w ithout a  therm ocline. Bottom -water tem perature 
is abou t 8°C  in w in te r  and 15.5°C  in sum m er (annual 
mean = 12°C), and the salinity varies from  34.80 in w inter 
to 35.30 at the beginning o f autumn (Dauvin et al., 1989. 
1991).

S am pling  a n d  analysis

T h e  sa m p le s  w ere  c o lle c te d  w ith  a  m o d if ie d  M ace r- 
GIROQ hyperbenthic sledge (Brunei et al., 1978; Dauvin 
and  L o rg e ré , 1989; D au v in  et a l., 1995). T his sledge 
sim ultaneously sam pled the fauna at four levels: 0.10-0.40 
(net N l) ,  0.45-0.75 (net N2), 0.80-1.10 (net N3) and L IS 
IN S  m (n e t N4) ab o v e  th e  sea-flo o r. E ach  net (W P2, 
0.5 m m  m esh size) was equipped with a “T .S .K .” flow m e
ter to m easure the volum e of filtered water.

Tw o sets o f hauls w ere m ade, the first on 14-15 Novem ber 
1988 with nine hauls (TV01-TV09) and the second on 17- 
18 July 1990 with 11 hauls (TV22-TV32). The water volu
m e filtered by each net varied from  203 to 254 m3 for the 
first set and from 177 to  254 m 3 for the second (T ab .l). 
O rganism s collected in each net w ere separately fixed in 
10% neutral form alin im m ediately on board. A week later, 
the sam ples were w ashed and transferred to  70%  ethanol. 
All the individuals w ere sorted, counted and determ ined to 
the species level (w hen  possib le), ex cep t fo r the adu lt 
copepods and for the crustacean larvae w hich were very 
num erous. Their densities w ere estim ated using the follo
wing steps: (1) m easure of the biovolum e o f each sam ple 
after extracting individuals o f the other species; (2) count 
o f copepods and crustacean larvae in  th ree duplicates o f 
1 ml; and (3) m ultiplication of the m ean num ber per ml by 
the biovolum e of the sample. The num bers of individuals 
in each net were standardized to 100 m 3 [mean density in 
the four nets = (X D N l +  DN 2 + DN 3 + D N 4)/4; D N1, 
DN 2, DN 3, DN4, density values (ind./100 m 3) in nets N l, 
N2, N3, and N4] and the total num ber in a haul (4 nets) 
was standardized to 400 m 3.

Swim m ing activities during the day and night were m ea
sured w ith three coefficients: K l = D N2/tD , K2 =  DN3/tD, 
K3 = D N 4 /tD , w ith  D N 2, D N 3, D N 4: d en s ity  v a lu es 
(ind./100 m 3) in nets N2, N3, N4, and tD =  total density 
(ind./400 m 3) in the four nets o f the sledge (Dauvin et a l ,  
1994). T h e  W ilcoxon-M ann-W hitney  U  test (Scherrer, 
1984) was used to determ ine whether there was a signifi
cant difference between daytim e and night-tim e densities.
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T ab le  1

In form ation  f o r  sa m p les collected, and  vo lum e o f  w a te r  f i l te r e d  b y  
the nets. D: day, N : night, SS: sunset, SR: sunrise. (1): vo lum e n o t  
m easured  in these nets, and  considered as equa l to the m ean  volum e  
o f  the 11/14/1988 hauls.

Principales caractéristiques de l’échantillonnage, e t  vo lu m e d ’eau f il
trée  par les file ts. D  : jo u r, N : nuit, SS : crépuscu le , SR  : aube. (1) 
vo lu m e d ’eau filtrée non  d isponible et considéré com m e é tan t égal au 
vo lu m e m oyen d ’eau filtrée au cours de la  cam pagne du  14 novem bre  
1988.

Volume of filtered w ater

H auts Date H our Day/night N etl N et 2 Net 3 Net 4

IVDl 11/14/1988 15h45 D (D (D (D (1) 251
TV02 11/14/1988 17h30 D Cl) (D (D (D 251
TV03 11/14/1988 18h30 SS 262 236 265 284 261
TVCM 11/14/1988 19h30 N 237 203 238 271 237
TV05 11/14/1988 24h00 N 255 260 220 284 254
TV06 11/15/1988 6h00 N 239 214 233 271 239
TV07 11/15/1988 7h00 N 241 240 220 262 241
TV08 11/15/1988 7h50 SR 255 232 275 261 256
TV09 11/15/1983 8h30 D 234 205 268 228 233
TV22 07/17/1990 17hl5 D 200 177 186 177 185
TV23 07/17/1990 18h45 D 196 179 203 196 193
TV24 07/17/1990 20h45 D 243 201 216 213 218
TV25 07/17/1990 22h00 SS 223 205 222 216 216
TV26 07/17/1990 23h00 N 232 219 245 267 241
TV27 07/17/1990 24h00 N 212 181 202 194 197
TV28 07/18/1990 4n45 N 207 186 207 203 200
TV29 07/18/1990 5h35 N 191 202 209 213 204
TV30 07/18/1990 6h45 SR 240 211 224 228 226
TV31 07/18/1990 8h45 D 254 226 234 231 236
7V32 07/18/1990 10h45 D 242 222 201 230 223

T he dry w eight o f each taxon was m easured after oven- 
drying at 80°C fo r 48 h and the ash w eight after further 
h ea ting  at 550°C  fo r 2 h. B oth w eights w ere m easured  
w ith a p recision  o f  0.001. m g. T he ash -free  dry w eigh t 
(A FD W ) was the d ifference betw een  these tw o values. 
B iom asses of each species or taxon in each net w ere calcu
lated and expressed in mg o f A FD W  per 100 m 3 [m ean 
b io m a ss  in  th e  fo u r  n e ts  = (£ B N 1  +  B N 2  + B N 3 + 
B N 4 )/4 ; B N I ,  B N 2 , B N 3  e t  B N 4 , b io m a s s  m g  
A FD W /100 m 3 in nets N l ,  N 2, N3, and N4],

V ertical b iom ass (m ean b iom ass in  the four nets in m g 
A F D W /1 0 0  m 3) e x c h a n g e s  b e tw e e n  p e la g o s  (w a te r  
co lum n above the hyperbenth ic environm ent) and B B L  
(w a te r layer sam pled  by the  s ledge), co rresp o n d in g  to  
m igration o f planktonic organism s, and between BBL and 
benthos, corresponding to m igration o f benthic organism s, 
w ere  estim ated  by  com paring  b iom asses o f su ccess iv e  
hauls. W e considered  positive exchanges w hen the b io 
m asses in  th e  B B L  increased , and  n eg a tiv e  ex ch an g es 
when the biom asses in  the B B L decreased.

RESULTS

Faunistic composition

Sixty-one taxa w ere collected in  the sam ples of N ovem ber 
1988 and 129 taxa in the sam ples o f July 1990 (Zouhiri,
1993), for a total o f  133 taxa (Tab. 2). T he fauna could be 
classified into three groups o f organism s according to  their 
size and their bottom  dependence: (1) tw o m esozooplank- 
tonic taxa, C opepoda and crustacean larvae; (2) 24 m acro- 
zooplanktonic taxa, Chaetognatha, Euphausiacea, the holo-

pelag ic  am phipod  A p h e ru sa  c levei, w hich w as p resen t 
throughout the w a te r  colum n in the R oscoff area (Toul- 
m ond and Truchot, 1964), M ollusca Cephalopoda and fish 
larvae; and (3) 102 hyperbenthic taxa: Am phipoda, M ysi
dacea, Isopoda, P ycnogonida, and Leptostracea.

In N ovem ber 1988, C opepoda, crustacean larvae, Euphau
siacea, C haetognatha, four fam ilies o f fish larvae, 31 spe
cies o f A m phipoda, 10 species of M ysidacea, two species 
o f Cum acea, four species o f Isopoda, five species o f D eca
poda, and one species o f L eptostracea w ere collected in 
n ine hauls (Tab. 2 ). A  to tal o f 75 ,653 ind iv iduals w ere 
c o u n ted , e x c lu d in g  co p e p o d s  an d  c ru s ta c e a n  la rv a e . 
M acrozooplanctonic taxa, E uphausiacea and C haetogna
tha, w ere d om inan t. T h ree  o ther species accounted  for 
m ore than 500 ind iv iduals : A nch ia lina  agilis, A pherusa  
clevei, and Eusirus longipes. Only four taxa w ere found in 
all samples, and 12 taxa had a  frequency higher than 50%. 
Four taxa w ere p resen t in the nine low er nets, and 12 taxa 
were found in a t least five of the low er nets.

In July 1990, the fauna was m ore diversified: Copepoda, 
crustacean larvae, Euphausiacea, Chaetognatha, 19 fam i
lies o f fish larvae, 57 species o f Am phipoda, 16 species o f 
Decapoda, 15 species o f M ysidacea, eight species o f Iso
poda, five species o f  Cum acea, tw o species o f M ollusca 
Cephalopoda, tw o species o f Pycnogonida and one species 
of Leptostracea w ere collected in 11 hauls (Tab. 2). A total 
of 751,497 individuals w ere counted, excluding copepods 
and crustacean larvae. The A pherusa  species, and Sagitta 
elegans w ere dom inant, 12 other taxa accounted for more 
than 1000 individuals (Tab. 2). F ive taxa were found in all 
samples, and 22 taxa had a frequency > 50% . Seven taxa 
were present in  all 11 low er nets, and 26 taxa w ere found 
in at least six o f the low er nets. In both series o f hauls, the 
m ost diversified group was A m phipoda; a  great num ber of 
taxa was collected bu t abundances were low, often fewer 
than 10 individuals (Tab. 2).

Density

The density o f  m eso- and m acrozooplankton show ed an 
increase from  the low er to the upper net. Inversely, hyper
benthos was m ore abundant in  the low er net (Tab. 3). The 
density of organism s varied greatly from  one haul to  ano
ther and from  one net to another (Tab. 2, 3). In July, the 
m ean density o f organism s was m uch higher than those of 
N ovem ber (10,018 ind./100 m3 vs. 1164 ind./100 m3).

M acrozooplanktonic organism s dom inated in both series; 
they represented 69.1%  of the total organism s in N ovem 
ber (mean density: 804 ind./100 m 3), and m ore than 55.7%  
in July (mean density: 5,777 ind./100 m 3). The proportions 
of m esozooplanktonic organism s w ere respectively 25.7%  
(mean density: 299 ind./100 m 3) in N ovem ber and 34.9% 
(mean density: 3494 ind./100 m3) in  July, and hyperben
thic o rganism s 5.2%  (m ean density: 61 ind ./100 m 3) in 
Novem ber and 9.4% (m ean density: 947 ind./100 m 3) in 
July. In N ovem ber, higher densities, especially for macro
zo o p lan k to n ic  o rg an ism s, w ere found  d u ring  day tim e 
(Tab. 4), w hereas in July the higher densities w ere found 
during darkness (Tab. 5). The highest values o f m esozoo
plankton and hyperbenthos in the July hauls w ere observed
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T able 2

F requency o f  occurrence (F), num ber (N) and  density  o f  co llec ted  specim ens in Ju ly  1990 a n d  N o v e m b e r  1988. tD: ind ./400  m 3, cum ulative values  
fr o m  the fo u r  n ets o f  the sledge. DN1: in d /1 0 0  m 3, density  in N l .  Am p., A m phipoda, Cep., C ephalopoda , Cha., Chaetognatha, Cum., Cumacea, 
Iso., Isopoda, D ec., D ecapoda, Eup. E uphausiacea, Lep., Leptostracea, M ys., M ysidacea, Pis., P isc e s , Pyc., Pycnogonida.

Fréquence d e  cap tu re  d e  0 à  1, nom bre (N ) et densité des espèces collectées en ju ille t 1990 et n o v e m b re  1988. tD  : ind ./400  m 3, cum ul des densités 
des quatre file ts du  traîneau , DN1 : ind./lÜO m 3 densité  dans íe  file t 1.

17-18 July 1990 14-15 N ovem ber 1988

IN 1N2N3N4 (44 nets) N l ( l l  nets) IN 1N 2N 3N 4 (36 nets) N l (9 nets)

F  N tD F N DN1 F  N tD F  N DN1

Apherusa clevei Sais. 1904 Amp. 1,00 450019 14702,90 1,00 56701 2360,00 1,00 2258 101,60 1,00 288 15,57

Sagitta elegans Verrili, 1873 Cha. 1,00 158076 7128,00 1,00 49991 2017,00 1,00 46181 2111,80 1.00 10902 496,60

Anchialina agilis (Sars, 1877) Mys. 1,00 29594 1327.30 1,00 8523 340,06 1,00 3066 138.60 1,00 612 30,23

Stenothoe marina (Bate, 1856) Amp. 1,00 12564 592,70 1,00 3129 280,00 0,94 148 6.73 0.88 47 2,13

Leptomysis gracilis (Sais, 1864) Mys. 1,00 2311 98,76 1,00 1081 44.75 0,77 99 4,44 0.77 38 1,92

Gastrosaccus normani Sars, 1877 Mys. 0,97 8026 349,78 0.90 1625 72,42 0,97 257 11.98 0.88 72 2,80

Siriella jaltensis Czerniavsky, 1868 Mys. 0,93 1348 59,02 0,90 341 13,86 0,14 6 0,25 0.11 2 0,08

Paramysis nouveli Labat, 1953 Mys. 0,93 986 42,18 1,00 550 22,62 0,86 177 8,56 0,88 45 2,72

Nyctiphanes couchi (Bell, 1853) Eup. 0,90 2164 91,38 0,90 504 20,12 1,00 21754 1010.33 LOO 6413 295,60

Gobiidae Pis. 0,88 501 23,80 0,90 3 0,12 0,00 0 0,00 0,00 0 0,00

Clupeidae Pis. 0,81 3246 340,43 0,45 577 91,79 0.50 32 1,41 0,11 2 0,08

Mullidae Pis. 0,77 240 10,41 0,81 63 3,40 0,02 1 0.08 0,00 0 0,00

Pseudocuma longicornis (Bate, 1858) Cum, 0,77 176 7,03 0,90 56 2,28 0,14 8 0,41 0.11 2 0.08

Melphidippella macra (Norman. 1869) Amp. 0,72 2193 117,51 0,81 417 24,24 0,69 332 15,24 0,88 50 2,98

Atylus vedlomensis (Bate & Westwood, 1862) Amp. 0,72 493 32,40 0,72 123 7,70 0,39 34 1,57 0,22 5 0,21

Sepiola atlantica Orbigny, 1939 Cep, 0,63 96 4,06 0,72 38 1,63 0,00 0 0,00 0.00 0 0,00

Pandalina brevirostris (Ratfake, 1843) Dec. 0,61 1450 63,60 1,00 600 27,41 0.47 50 2,51 0,33 10 0.43

Mysidopsis angusta Sars, 1864 Mys. 0,61 259 11,71 0.81 148 6,16 0,00 0 0,00 0,00 0 0,00

Gadidae Pis. 0,59 152 8,68 0,54 36 1.47 0.02 1 0.04 0,00 0 0,00

Siriella norvegica Sars, 1869 Mys. 0,56 287 12.50 0,63 129 5,34 0,00 0 0,00 0,00 0 0.00

Eusirus longipes Boeck, 1861 Amp. 0,52 1659 48,36 0,63 584 16.93 0,75 788 35,34 0,77 186 8,13

Iphimedia obesa Rathke, 1843 Amp. 0.50 203 8.80 0,45 99 1.20 0,19 10 0.46 0,33 4 0,18

Atylus swammerdami (Milne-Edwaids, 1830) Amp. 0,47 207 8,15 0,54 60 2,80 0,00 0 0.00 0,00 0 0,00

Phtisica marina Slabber, 1769 Amp. 0,47 51 2,17 0,72 27 0,16 0,00 0 0,00 0,00 0 0,00

Apherusa bispinosa (Bate, 1856) Amp. 0,45 67326 671,60 0,45 1570 103,10 0.60 141 5,85 0,88 40 1,80

Apherusa cirrus Bate, 1862 Amp. 0,45 5978 230,28 0,45 616 38,90 0.00 0 0,00 0,00 0 0,00

Callionymus reticulatus Valenciennes, 1834 Pis. 0,45 80 3,24 0,45 24 0,96 0,00 0 0,00 0,00 0 0,00

Guernea coalita (Norman, 1868) Amp. 0,45 44 1,55 0,45 13 0.72 0,36 43 2.36 0,55 25 1.33

Loligo forbesii Stccntrup, 1856 Cep. 0,45 34 1,47 0,45 6 0,25 0,00 0 0,00 0,00 0 0.00

Pisidia longicornis (L., 1767) Dec. 0,43 294 10,31 0,54 77 1,25 0,00 0 0,00 0,00 0 0,00

Synchelidium maculatum Stebbing. 1906 Amp, 0,40 192 7,30 0,45 51 2,20 0,36 37 1.65 0,22 13 0,36

Eurydice pulchra Leach, 1815 Iso. 0,36 122 5,58 0.27 44 2,01 0,05 2 0,08 0,11 1 0,04

Pontophilus sculptus (Bell. 1853) Dec. 0,36 33 2,06 0,54 10 0.86 0,05 2 0,09 0,00 0 0,00

Megamphopus cornutus (Johnston, 1828) Amp. 0,31 58 2,23 0,72 45 1,65 0,14 8 0,34 0,22 5 0,22

Orchomene nana Kröyer, 1846 Amp. 0,31 31 1.34 0,45 17 0,76 0,16 13 0,54 0,11 5 0,22

Galathea intermedia Lilljcborg, 1851 Dec. 0,29 95 4,12 0,36 17 0,72 0,03 1 0,04 0.00 0 0,00

Mysidopsis gibbosa Sars, 1864 Mys. 0,29 30 1,36 0,27 13 0,59 0,19 8 0,35 0,22 3 0.12

Pontocrates arenarius (Bate, 1858) Amp. 0,29 28 1.35 0,45 13 0,56 0,03 2 0,08 0,11 2 0,08

Erythrops elegans Sars, 1876 Mys. 0,27 50 2,10 0,45 29 1,22 0.08 3 0,15 0,00 0 0,00

Bodotria scorpioides (Montagu, 1804) Cum. 0,27 20 0,75 0,45 4 0,12 0,00 0 0,00 0,00 0 0,00

Trachinus draco L„ 1758 Pis. 0,27 14 0,60 0,09 1 0,04 0,00 0 0,00 0,00 0 0,00

Gammaropsis maculata Norman, 1869 Amp. 0,25 68 1.91 0,54 49 1,27 0,14 17 0,77 0,44 15 0,68

Gastrosaccus lobatus Nouvel, 1951 Mys. 0,25 31 1,77 0,18 9 0,42 0,16 7 0,44 0,11 1 0,04

Pseudoprotella phasma (Montagu, 1804) Amp. 0,22 38 1,81 0,45 26 1,30 0,00 0 0,00 0,00 0 0,00.

Sphaeromatidae sp2 Iso. 0,22 16 0,64 0,36 4 0,17 0,00 0 0,00 0,00 0 0,00

Calipaüene brevirostris (Johnston, 1837) Pyc. 0,22 15 0,48 0,36 6 0,19 0,00 0 0,00 0,00 0 0,00

Nymphon brevirostris Hodge, 1863 Pyc. 0,22 9 0,55 0,09 2 0,07 0,00 0 0,00 0.00 0 0,00

Labrus mixtus L., 1758 Pis. 0,20 54 2,16 0,18 17 0,68 0,00 0 0,00 0,00 0 0,00

Gnathia oxyuraea (Lilljeborg, 1855) Iso, 0,20 15 0,53 0,27 5 0.20 0,16 6 0,26 0,22 2 0,09

Gitana sarsi Boêck, 1871 Amp. 0,20 13 0,55 0,45 8 0,33 0,14 7 0,35 0,33 3 0.14

Amphilochus neapolitanus Della Valle, 1893 Amp, 0,20 11 0.46 0,27 5 0,17 0,03 1 0,04 0,00 0 0,00

Syngnathidae Pis. 0,20 10 0,40 0,09 1 0.04 0,00 0 0,00 0,00 0 0,00

Cheirocratus assimilis (Lilljcborg, 1852) Amp. 0,18 23 0,71 0,45 13 0,72 0,27 27 1,18 0,33 10 0,46

Astacilla longicornis (Sowerby)(Sars, 1899) Iso. 0,18 11 0,41 0,36 5 0,20 0,00 0 0,00 0,00 0 0,00

Ampelisca spinipes Boeck, 1861 Amp. 0,18 8 0,33 0,09 1 0,04 0,00 0 0,00 0,00 0 0.00

Liocarcinus pusillus (Leach, 1816) Dec. 0,15 41 0,73 0,27 11 0,43 0,16 11 0,48 0,00 0 0,00

Leptomysis lingvura (Sars, 1866) Mys. 0,15 38 1,55 0,27 9 0,37 0,25 13 0,58 0.33 6 0,26

Dicenlrachus labrax L„ 1758 Pis. 0.15 27 1,08 0,18 4 0,16 0,00 0 0,00 0,00 0 0,00

Monoculodes carinatus (Bate, 1856) Amp. 0,15 19 0,82 0,18 2 0,08 0,08 2 0,13 0.00 0 0,00

Pontophilus trispinosus Hailstone, 1835 Dec. 0,13 12 0,75 0,09 4 0,17 0,00 0 0,00 0,00 0 0,00

Callionymus lyra L., 1758 Pis. 0.13 10 0,40 0,18 3 0,12 0,00 0 0,00 0,00 0 0,00

Tmetonyx similis Sars, 1891 Amp. 0,13 9 0,38 0,27 5 0,22 0,00 0 0,00 0,00 0 0,00
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IN 1N2N3N4 (44 nets) N l(11 nets) XN1N2N3N4 (36 nets) N l(9 n e ts )

F N tD F N D N 1 F N tD F N D N1

Tmetonyx similis Sars, 1891 Amp. 0,13 9 0,38 0,27 5 0,22 0,00 0 0,00 0,00 0 0,00

Macropodia tenuirostris (Leach, 1814) Dec. 0,13 6 0,52 0,18 5 0.21 0,00 0 0,00 0,00 0 0,00

Processa nouveli holthuisi Al-Adhub & Williamson, 1975 Dec. 0,13 5 0,25 0,09 1 0,04 0.00 0 0,00 0.00 0 0,00

Conilera cylindracea (Montagu, 1803) Iso. 0,11 26 0,71 0,18 19 0,48 0,05 2 0.08 0.11 1 0,04

Hippomedon denticulatus (Bate, 1857) Amp. 0,11 16 0,50 0,27 13 0,37 0,05 2 0,13 0,11 2 0,08

Hippolyte varians Leach, 1814 Dec. 0,11 13 0,58 0,09 4 0,19 0,00 0 0,00 0,00 0 0,00

Parametopa kervillei Chevreux, 1901 Amp. 0,11 6 0,22 0,18 2 0,07 0,11 5 0.20 0.22 2 0,08

Eurydice spinigera Hansen, 1890 Iso. 0,11 5 0,19 0,00 0 0,00 0,11 5 0,21 0,11 I 0,04

Iphimedia nexa (Myers &  McGrath, 1982) Amp. 0,11 4 0,24 0,27 3 0.14 0,03 1 0,04 0,00 0 0,00

Leucothoe spini carpa (Abildgaard, 1789) Amp. 0,09 15 0,30 0.09 7 0.26 0,16 12 0.53 0,33 6 0,26

Socarnes filicornis (Heller, 1866) Amp. 0,09 8 0,34 0,36 8 0,34 0,00 0 0,00 0,00 0 0,00

Ischyrocerus anguipes Kröyer, 1838 Amp. 0,09 5 0.20 0,18 3 0,12 0,00 0 0,00 0.00 0 0,00

Urothoe elegans (Bate, 1856) Amp. 0,09 4 0,16 0,00 0 0,00 0,00 0 0,00 0,00 0 0,00

Nannastacus brevicaudatus Caiman, 1905 Cum. 0,09 4 0.18 0,09 2 0,08 0,00 0 0,00 0,00 0 0,00

Soleidae Pis. 0,09 4 0.18 0.09 1 0.04 0,00 0 0,00 0,00 0 0,00

Aora typica Kröyer, 1845 Amp. 0.06 25 0,44 0,18 18 0,11 0,00 0 0,00 0,00 0 0,00

Schistomysis spiritus Norman, 1860 Mys. 0,06 15 0,68 0,09 11 0,47 0,00 0 0,00 0.00 0 0,00

Tritaeta gibbosa (Bate, 1862) Amp. 0,06 7 0.28 0,09 1 0,03 0,00 0 0,00 0,00 0 0,00

Leucothoe incisa Robertson, 1892 Amp. 0,06 5 0.22 0.09 1 0,03 0,11 3 0.13 0,00 0 0,00

Anthura gracilis (MontaguXSexton, 1914) Iso. 0,06 5 0.25 0,27 5 0,21 0,00 0 0,00 0,00 0 0,00

Ericthonius punctatus (Bate, 1857) Amp. 0,06 4 0.22 0,06 4 0,20 0,00 0 0,00 0.00 0 0,00

Tryphosella minima Lilljeborg, 1852 Amp. 0,06 4 0.26 0,18 2 0.09 0.00 0 0,00 0,00 0 0,00

Ammodytidae Pis. 0,06 4 0.20 0,09 3 0,12 0,22 18 0,80 0,22 2 0,08

Argentinidae Pis. 0,06 4 0.20 0,09 3 0,12 0,00 0 0.00 0,00 0 0,00

Iphimedia eblanae Bate, 1857 Amp. 0,06 3 0.14 0,27 3 0,16 0,00 0 0,00 0,00 0 0,00

Argissa hamatipes Norman, 1869 Amp. 0,06 3 0,12 0,09 I 0,04 0,08 3 0.13 0,11 2 0,09

Atylus falcatus Metzger, 1871 Amp. 0,06 3 0,12 0.00 0 0,00 0,00 0 0,00 0,00 0 0,00

Processa edulis Nouvel & Hothuis, 1957 Dec. 0,04 8 0,31 0,18 7 0,31 0,00 0 0,00 0,00 0 0,00

Iphimedia spatula (Myers & McGrath, 1982) Amp. 0,04 2 0,06 0,09 1 0,03 0,00 0 0,00 0,00 0 0,00

Lysianassa ceratina Walter, 1889 Amp. 0,04 2 0,08 0.09 1 0,04 0,00 0 0,00 0,00 0 0,00

Normanion chevreuxi Diviacco & Vader, 1988 Amp. 0,04 2 0,08 0,18 2 0.08 0.03 1 0,04 0,11 1 0,04

Perrierella audouiniana (Bate, 1857) Amp. 0,04 2 0,11 0.09 1 0,04 0.08 2 0,14 0,00 0 0,00

Perioculodes longimanus (Bate & Westwood, 1868) Amp. 0,04 2 0,08 0,00 0 0.00 0,00 0 0.00 0,00 0 0,00

Stenopleustes nodifer (Sars, 1882) Amp. 0,04 2 0,08 0,00 0 0,00 0,14 6 0.24 0,22 3 0,13

Siriella clausii Sars, 1876 Mys. 0,04 2 0,08 0,09 1 0,04 0,16 10 0,43 0,11 2 0,08

Iphinoe trispinosa (Goodsir, 1843) Cum. 0,04 2 0.08 0,00 0 0,00 0,00 0 0.00 0,00 0 0,00

Nannastacus unguiculatus (Bate, 1859) Cum. 0,04 2 0,08 0,00 0.00 0,00 0,00 0 0.00 0.00 0 0,00

Pagurus bernhardus (L., 1758) Dec. 0,04 2 0,08 0,18 2 0,08 0,00 0 0,00 0,00 0 0,00

Nebalia bipes (Fabricius, 1780) Lep. 0,04 2 0.11 0,18 2 0,13 0,05 2 0,08 0,11 1 0,04

Ampelisca spooneri Dauvin & BeUan-Santini, 1982 Amp. 0,04 1 0.04 0,00 0 0,00 0,00 0 0,00 0.00 0 0,00

Scomber scomber L., 1758 Pis. 0,02 17 0,68 0,18 3 0,12 0.00 0 0,00 0,00 0 0,00

Sdiislomysis parkeri Norman, 1860 Mys. 0,02 11 0,47 0,09 11 0,47 0,00 0 0.00 0,00 0 0,00

Aspitrigla cuculus L., 1758 Pis. 0,02 0.12 0,00 0 0,00 0.00 0 0,00 0,00 0 0,00

Gastrosaccus spinifer (Goes, 1864) Mys. 0,02 0,08 0,09 2 0,08 0,00 0 0,00 0,00 0 0,00

Iphimedia minuta Sars, 1882 Amp. 0,02 1 0,03 0,00 0 0,00 0,00 0 0,00 0,00 0 0,00

Ampelisca diadema Costa, 1853 Amp. 0,02 1 0,03 0,00 0 0.00 0,00 0 0,00 0,00 0 0.00

Leptocheirus bispinosus Norman, 1908 Amp. 0,02 1 0,04 0,00 0 0,00 0,00 0 0.00 0,00 0 0,00

Leptocheirus pectinatus Norman, 1869 Amp. 0,02 1 0,03 0.09 1 0.03 0.00 0 0.00 0,00 0 0,00

Ceradocus semiserratus (Bate, 1862) Amp. 0,02 1 0,04 0.00 0 0,00 0,00 0 0,00 0,00 0 0,00

Liljeborgia pallida (Bate, 1857) Amp. 0,02 1 0,04 0.00 0 0,00 0,03 1 0,04 0,11 1 0,40

Lysianassa plumosa Bocck, 1871 Amp. 0,02 1 0,03 0,09 1 0,03 0,00 0 0,00 0,00 0 0,00

Lysianassa sp. Amp. 0,02 1 0,04 0,00 0 0,00 0,00 0 0,00 0,00 0 0,00

Orchomene humilis (Costa, 1853) Amp. 0,02 1 0,04 0,00 0 0,00 0,00 0 0,00 0,00 0 0,00

Austrosyrrhoe fimbriatus (Stcbbing & Robertson, 1891) Amp. 0,02 1 0,04 0,09 1 0,04 0,00 0 0,00 0,00 0 0,00

Metaphoxus fultoni (Scott, 1890) Amp. 0,02 1 0,03 0,00 0 0,00 0,03 1 0,04 0,11 1 0,04

Colomastrix pusilla Giube, 1861 Amp. 0,02 1 0,04 0,00 0 0,00 0,00 0 0,00 0,00 0 0,00

Sphaeromatidae sp l Iso. 0,02 1 0,03 0,09 1 0,03 0,00 0 0,00 0.00 0 0,00

Pagurus prideauxi Leach, 1815 Dec. 0.02 1 0,04 0,09 1 0.04 0,00 0 0,00 0,00 0 0,00

Achaeus cranchii Leach, 1815 Dec. 0,02 1 0,04 0.00 0 0,00 0,03 1 0,04 0,00 0 0,00

Ebalia tuberosa (Pennant, 1777) Dec. 0,02 1 0,04 0,00 0 0,00 0,00 0 0,00 0,00 0 0,00

Liocarcinus depurator (L., 1758) Dec. 0,02 1 0,04 0.09 1 0.04 0,00 0 0,00 0,00 0 0,00

Pinnotheres pisum (L., 1767) Dec. 0,02 1 0,04 0,09 1 0,04 0,00 0 0.00 0,00 0 0,00

Liparis liparis (L., 1766) Pis. 0,02 1 0,04 0,81 63 3,40 0,00 0 0.00 0,00 0 0,00

Hippoglosoides platessoides Bloch, 1787 Pis. 0,02 1 0.04 0.09 1 0,04 0,00 0 0,00 0,00 0 0.00

Myoxocephalus scorpius (L., 1758) Pis. 0,02 1 0.04 0,09 1 0,04 0,00 0 0,00 0,00 0 0.00

Zeus faber L , 1758 Pis. 0,02 1 0,04 0,00 0 0.00 0,00 0 0,00 0,00 0 0,00

Urothoe marina (Bate, 1857) Amp. 0,00 0 0.00 0,00 0 0,00 0,08 3 0,14 0,11 1 0,04

Maerella tenuimana (Bate, 1862) Amp. 0,00 0 0.00 0,00 0 0,00 0,11 5 0.22 0,11 1 0,04

Scopelocheirus hopei (Costa, 1851) Amp. 0,00 0 0,00 0.00 0 0,00 0.30 16 0,70 0,33 4 0,17

Campylapsis legendrei Page, 1951 Cum. 0,00 0 0,00 0,00 0 0,00 0.03 1 "  0.04 0,00 0 0,00
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T able 3

M inim um  (Dmin), m ean (D m ) a n d  m axim um  (D m ax) densities (ind ./100 m 3) o f  organism s co llec ted  in the fo u r  n ets during  the two se ts o f  hauls in 
N ovem ber 1988 a n d  Ju ly  1990. N l :  n e t 1, N 2: n e t 2, N 3: net 3, and  N 4: net 4.

D ensité m in im ale (D m in), m axim ale(D m ax) et m oyenne (Dm )(N. ind./100 m 3) des individus réco ltés dans chacun  des quatre  file ts au cours des 
deux séries de traits en novem bre 1988 et ju ille t 1990. N l : file t 1, N 2  : file t 2  ; N 3 : file t 3 e t N 4  file t 4.

14-15 N o v em b er 1988 17-18 J u ly 1990

N l N2 N3 N 4 N l N2 N3 N4

M esozooplankton D m in 23 37 29 37 86 97 683 989
Dm 101 408 294 393 1797 3794 4260 4510

D m ax 246 1135 540 1554 3704 7310 9304 12212

M acrozooplankton D m in 201 388 267 420 871 669 1932 1952
Dm 805 911 931 761 4504 5335 6249 5781

D m ax 2095 1954 2918 1558 11993 14303 13944 9821

H yperbenthos D m in 20 24 17 22 332 70 58 48
Dm 61 70 59 53 1400 1003 840 733

D m ax 113 138 117 101 4256 3551 1531 1644

Total D m in 226 578 507 567 3228 4956 6942 4063
Dm 967 1390 1284 1208 7701 10132 11348 11023

D m ax 2342 2812 3081 3013 13598 16391 16197 21971

around sunset and sunrise, while in  N ovem ber hyperben
thos abundances were m ore variable (Tab. 4, 5).

Sw im m ing activ ity  a n d  v ertica l d is trib u tio n

Table 6 gives the swim m ing activity coefficients in day and 
night hauls of the 19 dom inant macrozooplanktonic, meso- 
zooplanktonic and hyperbenthic taxa w ith a mean density 
higher than 1 ind./100 m 3 which w ere found in one or both 
sets o f sam ples. These taxa could be classified into four 
groups according to their sw im m ing behaviour and their 
vertical distribution in the BBL (Dauvin et a i,  1994).

Group 1 : organism s w ith a  strong sw im m ing activity occu
pying  the w hole B B L, K l  «  K 2 *  K3 «  0.25 all day 
although som e o f them  had slightly higher abundances in 
the low er nets in July night hauls.

G roup 1 included chaetognaths (Fig. la , b), Anchialina  
agilis (Fig. le, d), Eusirus longipes (Fig. l e , / ) ,  Gastrosac
cus normani, and Siriella jaltensis.

Group 2: upper hyperbenthic species w ith an exceptionally 
strong swim m ing activity w ere found mainly in the upper 
nets, K1+K2+K3 >  0.80. Abundances w ere low in net 1, and 
they could be concentrated in different upper nets depending 
on the time of collection. Group 2 included Euphausiacea

T ab le  4

M ean density  D  (ind ./100  m 3) and  m ean  b iom ass B  (mg A F D W /100 m 3) o f  organism s co llected  in the fo u r  n ets during the N ovem ber sampling.

D ensité  m oyenne D  (ind./lOO m 3) et b iom asse m oyenne B (Poids Sec L ibre d e  C endres en m g/100 m 3) des o rgan ism es collectés dans les quatre 
filets du traîneau  au cours d e  la cam pagne de novem bre 1988.

H aul TV01 TV02 TV03 TV04 TV05 TV06 TV07 TV 08 TV09 .

Taxa D B D B D B D B D B D B D B D B D B

S a g itta  e ie g a n s 640,00 63,00 709,75 53,23 364,00 27,30 298,00 22,40 456,00 34,20 480,00 36,00 327,00 24,56 614,00 46,10 663,00 49,76

A p h e ru s a  c le v e i 13,00 0,58 17421 0,79 19.00 0.86 44.00 2,03 26,00 1.31 17,00 0,77 20.00 0,91 14,00 0,63 56,40 2,59

S te n o th oe  m a rin a 1.00 0.04 0,62 0,02 2,20 0,09 0.54 0,02 5,26 0421 1,35 0,05 1,45 0,06 0,60 0.02 2,13 0,09

O th e rs  a m p h ip o d a 1,24 0,56 0,40 0,18 47,78 6,83 17,77 2.60 5 547 7,84 1248 2,54 8,64 0,98 0,60 0,09 1,14 0,06

C u m a c e a 0,00 0,00 0,00 0,00 0.00 0,00 0.00 0,00 0,67 2,19 0 2 0 0,64 0,00 0,00 0,40 0.30 0,00 0,00

Iso p o d a 0,41 2,07 0,10 0.11 0,50 1 4 3 0.25 2,51 0,40 3,93 0.00 0,00 0,10 1,06 0,09 0,96 0,00 0,00

A n c h ia lin a  a g ilis 66,00 6,00 58,00 3,59 18.00 140 19,00 1,70 10,00 0,90 13,00 120 13,00 120 38,00 3,43 77,00 7.00

O th e rs  M y sid a c e a 12.00 1,07 6,73 0,76 8,20 1.22 5.02 0,42 5,76 1,53 6.51 0,62 5,70 0,77 4 2 2 3.94 7,54 0,65

P a n d a lin a  brevirostris 0,00 0,00 0,00 0,00 2,25 13,13 0,55 3.20 1,15 6,70 140 8,10 0,30 1,73 0,00 opo 0,00 0,00

O th e rs  D e c a p o d a 0.00 0,00 0,00 0,00 0,21 3,65 0.23 0,86 0,69 14 5 0,27 0,09 0,19 0.07 0,10 0,04 0,09 0.03

E u p h a u s ia c e a  adu tf 790,00 132.70 310.75 42,72 15,50 2,60 72,50 12,18 21.00 3,53 6 205 10,46 65,75 11.05 561,00 94,25 347,50 5 8 3 8

E u p h a u s ia c e a  larv ae 61.00 15,20 30,25 7.62 9,75 2 4 3 25,50 6.40 41,50 1040 39,75 9,90 67,00 16,70 99,75 24,94 430,75 107,68

C o p e p o d a 52.70 7 4 0 21.75 3,04 44.70 5.14 170,00 23.80 65.70 9,20 275,70 38,60 412,75 57,78 2 1 3 2 0 29,85 370,70 51,90

C ru s ta c e a n  la rv a e 13.75 4,80 8,51 3,00 14,00 4,90 31,75 11,11 21,25 744 35,00 12,25 44,75 15,66 21,75 7,61 67.25 23,54

M ollusca C e p h a lo p o d a 0,00 0,00 0.00 0,00 0.00 0.00 0,56 0,92 0,20 0,33 0.10 0,15 0,93 148 0,30 0.48 0,00 0,00

Fish la rv a e 0,00 0,00 0,00 0.00 0,45 1.18 1,78 3.77 1,45 1,83 1.14 2,24 1,75 3 4 6 ' 0.48 0,32 0.69 1 4 8

Total 1851,10 23342 1164.07 115,06 546,54 72,36 687,45 93,92 714,50 92.99 946,15 123,61 969,31 13747 1568,59 212,96 2024,19 303,16

M a cro zo o p lan k to n 1643,00 196,28 1037,71 96,74 398,95 31,94 416.84 41,30 506.65 41,20 560,49 49,62 415,43 4 1 4 6  1189,76 141,78 1067,59 112.21

M eso p lan k to n 127,45 2 7 4 0 60,51 13,66 68,45 1247 227,25 41,31 128,45 27,04 35045 60,75 524,50 90,14 334,70 62,40 868,70 183,12

H y p erb en th o s 80,65 9,74 65,85 4,66 79,14 27.95 43,36 11,31 79.40 24,75 3521 1324 29,38 5,87 44,11 8,78 87,90 7,83
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Figure 1

D ay/n igh t m ean densities  <?ƒ Sag itta  elegans: fa, b ) ;  A nchialina agilis: 
fc, d); Eusirus long ipes; fe, f)  s. □  day; ■  nigh t. N l ,  N2, N3, a n d  N4: 
n e tl, n e t  2, n e t 3  a n d  n e t 4.

D ensités d iurnes ou nocturnes (ind./100 m 3) de : Sagitta  elegans (a, 
b)\ A nch ia lina  ag ilis  (c, if); E usirus long ipes (e, f) .  □  jou r; ■  nuit. 
N l ,  N2, N3, e t N 4  : f ile t 1, f ile t 2, file t 3 et f ile t 4.

(Fig. 2a, b), Apherusa clevei (Fig. 2c, d), Copepoda (Fig. 2c, 
f) , A tylus vedlomensis and crustacean larvae.

Group 3: low er hyperbenthic species w ith a lim ited sw im 
m ing activity w hich w ere m ore abundant in the two lower 
nets, K l > K2 >  K3, K l + K2 +  K3 < 0.60 including L ep
tomysis gracilis, M ysidopsis angusta, Paramysis nouveli, 
M elph id ipella  m acra, S tenothoe m arina  and Pandalina  
brevirostris (Fig. 2g, h). The latter showed a strong sw im 
m ing activity in the Novem ber night samples.

Group 4: organism s w ith strong sw im m ing activity which 
occupied the w hole BBL during the daytim e w ith K1 ~  
K2 ~  K3 ~  0.25 and concentra ted  in  the  low er nets at 
night with K l  + K 2 + K3 <  0.70. Group 4 included C lu
peidae, Gobiidae, and M ullidae larvae.

Daily changes

O rganism s show ed  ac tive  v ertica l m igra tions from  the 
endobenthos to the w ater colum n, or from  the BBL to the 
pelagos. T hree m ain  patterns o f daily changes could be 
identified:

Pattem  1: taxa w ith high abundances during the day, and 
low abundances during the night. Their abundances increa
sed at sunrise to a  m axim um  during the day then decreased 
at sunse t. T h is  b e h a v io u r  w as found  in  chae to g n ath s, 
euphausiids (Fig. 3a, b) and larvae, and two species of 
m ysids A nch ia lina  ag ilis  (Fig. 3c, d) and G astrosaccus  
normani. Nevertheless, in  July, A. agilis  showed two peaks 
of abundance at sunset and a t sunrise, and very low abun
dances in dark hauls (Fig. 3d). A bundances during daytim e 
w ere generally significantly  higher than those observed at 
night (Tab. 6).
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Figure 2

D a y/n ig h t m ean  d e n s itie s  (in d ./1 0 0  m 3) o f  E u p h a u sia cea :  fa, b); 
A p herusa  clevei: fc, d); C opepoda  fe, fj, an d  P an d a lin a  b rev irostris 
fg , hj. □  day; ■  night. N l ,  N2, N3, and  N 4 : n e t l ,  n e t 2, n e t 3, and  
n e t 4.

D ensités d iurnes ou n octu rnes (ind./100 m 3) de : E uphausiacés (a, b)\ 
A p herusa  clevei (c, d); copépodes (e, ƒ); P a nda lina  brevirostris (g, 
h). □  jo u r  ; ■  nuit. N I , N 2 , N 3 , e t N 4  : file t 1, file t 2 , file t 3 et file t 4.

14-15 N o v e m b e r  1988 17-18 July 1990
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F igure  3

D a ily  va r ia tio n  o f  m ean d en s ity  in the f o u r  n e ts  ( ih d ./1 0 0  m 3)  o f  
E uphausiacea:  fa, b j;  A nchialina agilis fc, dj, a n d  fe j; clupeidae lar
vae.

V ariations nycthém érales de la  densité m oyenne (ind./lOO m 3) dans 
les quatre filets du traîneau d e  : E uphausiacés (a, b); A nch ia lina  agi
lis  (c, d) et (e) larves d e  clupeidés.
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T ab le  6

C oefficients o f  sw im m ing  activity K l ,  K 2 a n d  K 3  fo r  dom inan t species, and U test: * significant a t 5 %  level, ** sig n ifica n t at 1%  level. D: day; N: 
nigh t

C oefficients d ’activité natato ire  K l ,  K 2  e t K 3 des espèces dom inantes et test U: * sign ifica tif à 5 % , ** sig n ifica tif  à  1 %  . D: jo u r  ; N: nuit.

Sampling date 14-15 November 1988 17-18 July 1990

Day Night U test Day Night U test
N um ber of samples 4 5 D/N 6 5 D/N i

Volume of filtered w ater (m3) 5150 4233 3883 4935

K1 K2 K3 K1 K2 K3 K l K2 K3 K l K2 K3

C h a e to g n a th a
Sagitta  eiegans 0,28 0,22 0,24 0,26 0,25 0,28

E up h au c iacea
E u p h a u d a c e a  adult 0,28 0,24 0,15 0,39 0,24 0,27
E u p h a u d a c e a  larvae 0,27 0,12 0A4 0,33 0,30 0,29

M ysidacea
Anchialina agilis 0,31 0,21 0,23 0 2 5 0,35 0,30
G astrosaccus normani 0,30 0,17 02 2 0 2 9 0,33 0,19
Leptomysis gracilis 0,19 0,18 0,20 0,22 0,19 0,16
Mysidopsis angusta - - - - -
Paramysis nouveli 0,33 0,10 0,07 02 2 0,32 0,25
Siriella Jaltensis - ' - ‘ “

D e c a p o d a
Pandalina brevirostris - • - 0,24 0.34 0,25

Fish larvae
C lupeidae - - - - - -
G obiidae - - - - - •
Mullidae - - ■ ' - '

A m phipoda
A pherusa clevei 0,38 0,18 0,31 0,44 0,23 0,19
Atylus vedlomensis - - - 0,40 0,22 0,23
Eusirus longipes - - - 0,30 0,30 0,17
M elphidippella m a cra 0,28 0,12 0.00 0,21 0,36 0,25
S teno thoe  marina 0,35 0,09 0,28 0,33 0.22 0,12

C o p e p o d a 0,37 0,30 0,25 0,34 0.28 0.34
C ru s tacea n  larvae 0.56 0,16 0,16 0,32 0,27 0,30

P attem  2: fish larvae which perform ed an active m igration 
and w ere present in the B B L only at sunrise and sunset. In 
ad d itio n  to  th ese  m ov em en ts , th ey  sw am  in  the  upper 
w ater colum n and show ed low  abundances in  the BBL: 
e.g. c lupeid  la rvae w ere p resen t w ith  h igh abundances 
(around sunrise and sunset) in Ju ly  hau ls (Fig. 3e). The 
n ig h t abundance w as s ig n ifican tly  h ig h e r than the  day 
abundance only in clupeid larvae (Tab. 6).

Pattern  3: the reverse o f pattern 1, these taxa w ere present 
in the BBL during darkness. T hey  m igrated actively from  
the bottom  to the B B L at sunset, their abundances reached 
a  m axim um  around m idnight and then decreased at sunri
se. F our mysids Leptom ysis gracilis, M ysidopsis angusta, 
P a ra m y s is  n o u v e li , an d  S ir ie lla  ja lte n s is ,  P a n d a lin a  
brevirostris, and tw o am phipods: e.g. E usirus longipes  
(Fig. Aa, b ) and Stenothoe m arina  show ed this behaviour 
(Fig. 4c, d). N ight densities w ere generally  significantly  
h igher than those observed during the daytim e (Tab. 6). 

C opepods and crustacean la rvae show ed d ifferen t beha
viour in the two sets o f sam ples. In  N ovem ber, no daily 
change was observed, sim ilar low  abundances w ere found 
in all samples (Fig. Ae). In July, daily changes w ere found 
in  the BBL, highest abundances being observed during the 
daytim e and only low abundances at night (Fig. Af), as in

D>N* 0,23 0,26 0,22 0,27 0,22 0,17 NS

D>N" 0,22 0,29 0,25 0,40 0,16 0,30 D>N"
D>N" - - - - - - -

D>N" 0,37 0,18 0,18 0,30 0,20 0,22 D>N*'
D >N " 0,31 0,22 028 0,25 0,25 0,21 D>N**
N>D’ 0.19 0,18 0.19 0,20 0,18 0,10 N>D-

- 0,22 0,19 0,10 0,13 0.18 0,08 N>D~
NS 0,22 0,07 0,05 0,26 0,11 0,08 NS

- 0,24 0,26 0,26 0,46 0,20 0,12 NS

N>D" 0,01 0,09 0.00 0,25 0,21 0,13 N>D"

0,25 0,27 0,31 0,26 0,24 0,17 N>D*‘
- 021 0,25 0,33 0,28 0,17 0,23 NS
- 0,31 0,18 0.24 0,23 0,16 0,14 NS

NS 0,18 0,27 0,41 0,26 0,31 0,25 N>D'*
N>D*' 0,49 0,18 0,14 0,29 0,24 0,23 N>D"
N>D" - - 0,28 0,20 0,16 N>D"
N>D” 0,22 0,22 0,16 0,37 0.25 0,02 N>D’*
N>D” 0,27 0,12 0,17 0,26 0,17 0,09 N>D"

NS 0,26 0,29 0,35 0,36 0,26 0,29 D>N"
N>D* 0,24 0,30 0,26 0,24 0,30 0,28 D>N*'

pattem  1. The abundances w ere thus significantly higher 
during the daytim e than at night (Tab. 6).

B iom asses

B iom asses of each taxon (species or fam ily) in  both sets of 
sam ples are show n in table 7. For the m ysids Anchialina  
agilis and G astrosaccus normani, day and night biomasses 
w ere m easured separately because individual sizes o f col
lected organism s varied greatly. D uring the daytim e, indi
viduals w ere sm aller, m ainly com prising juveniles, while 
at night, they w ere larger and m ainly com posed of adults. 

G enerally , the biom ass was higher in N ovem ber than in 
July . T h is m eans that the popu la tion  w as com posed  of 
adults in  N ovem ber and juveniles in July. N evertheless, in 
som e cases, e.g. am phipods C heirocra tus assim ilis  and 
Stenothoe m arina, the biom ass was higher in July.

T he m ean to tal biom ass (Tab. 4, 5) in each haul varied 
from  72 to  303 m g/100 m 3 (m ean: 154 m g/100 m 3) in 
N o v e m b e r  and  fro m  160 to  1943 m g /1 0 0  m 3 (m ean: 
638 m g/100 m 3) in  July. T he m ean biom asses of meso- 
plankton w ere sim ilar in the tw o sets: 58 m g/100 m3 in 
N o v em b er and 64  m g/100  m 3 in July . In con trast, the 
m ean biom ass of m acrozooplankton was five times higher
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D aily  variation o f  m ea n  density in the fo u r  nets (ind ./100  m 3) o f  E usi
rus longipes fa, b j; S teno thoe m arina: fc, dj, and  copepoda: fe, f).

V ariations nycthém érales de la  densité m oyenne (ind./lOO m 3) dans 
les quatre  f ile ts  du  tra îneau  d e  E u siru s long ipes  (a, b)', S ten o th o e  
m arina  (c, d), e t des copépodes (e, f) .

in July than in N ovem ber (84 vs. 440 m g/100 m 3), and the 
m ean biom ass o f hyperbenthos was 10 tim es higher in July 
than in N ovem ber (13 vs. 134 mg/100 m 3, Tab. 8). In July 
the high biom ass o f  hyperbenthos at night was due to the 
presence o f the m ysid  Anchialina agilis. There w ere two 
peaks o f to ta l b iom ass in July: one at sunse t (TY 25 = 
1943 m g /1 0 0  m 3) and  th e  o th e r  a t s u n r is e  (T V 3 0  = 
718 m g/100 m 3), corresponding to b iom ass peaks o f the 
m acrozooplankton, especially clupeid larvae and A pherusa

clevei. In N ovem ber, when the higher values of total b io
mass w ere found du ring  daytim e, a  large num ber of meso- 
planktonic organism s was present in the BBL.

B iom ass exchanges

In bo th  sets o f h a u ls ,  to ta l m eso zo o p lan k to n  b iom ass 
ex c h an g e s  b e tw e e n  the  p e la g ic  en v iro n m e n t and  the 
BBL sam pled  by th e  sledge w ere positive: respectively  
157 m g/100 m 3 in N ovem ber and 6.5 m g/100 m 3 in July 
(Fig. 5a, b). In  N ovem ber, except fo r an im portant posi
tive exchange o f m esozoop lank ton  b iom ass betw een the 
w ater colum n and th e  B B L sam pled by the sledge (about 
120 m g/100 m 3, betw een  8 and 9 a .m .), exchanges w ere 
very  low . In Ju ly , th e re  w ere  a lte rn a te ly  p o sitiv e  and 
n eg a tiv e  ex c h an g e s  (a ro u n d  40  to  60 m g/100  m 3), a t 
sunset and sunrise (F ig . 5b).

The total m acrozooplankton biom ass exchanges between 
the  p e lag ic  en v iro n m en t and  the  B B L  sam pled  by the 
s le d g e  (F ig . 5c, d )  w e re  n e g a t iv e  in  N o v e m b e r  
(84 m g/100 m 3) and positive in July (185 mg/100 m 3). In 
November, there was an im portant exchange of macrozoo
p lan k to n  b io m a ss  f ro m  the  B B L  to the  w ate r co lum n 
around sunset ( —100 m g/100 m3), and a  positive biomass 
exchange around sunrise  (« 1 0 0  m g/100 m 3). In July, a 
positive biom ass exchange occurred at sunset (>1300 m g/ 
100 m 3) due to  the m igration of Clupeidae larvae, followed 
by a negative b iom ass exchange (« 1 0 0 0  m g/100 m 3), at 
the beginning of the night (Fig. 5b), and then a second one 
la te r  a t n ig h t.  Low' p o s i t iv e  an d  n e g a tiv e  b io m a ss  
exchanges were also observed around sunrise.

Conversely , to ta l b iom ass exchanges betw een  the BBL 
sam p led  by  th e  s le d g e  an d  the  b e n th ic  e n v iro n m e n t 
w ere  s lig h tly  n eg a tiv e  in  th e  tw o se rie s , re sp e c tiv e ly  
1.9 m g/100 m 3 in N ovem ber and 2.3 m g/100 m 3 in July. 
This m eans that there is a  daily balance between the input, 
and the o u p u t o f h y p erb en th ic  o rgan ism s in  the B B L. 
N evertheless the values o f the b iom ass exchanges w ere 
m ore im portan t in July, e.g. the m axim um  positive b io 
mass exchange reached 300 m g/100 m 3 in July and only
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Figure 5

B iom ass exchanges in N o v em b er  
1988  a n d  J u ly  1990 du rin g  su c 
c e s s iv e  tim e  in te rv a ls  in  h o u rs  
betw een pelagos, B B L  sam pled  by  
th e  s le d g e  a n d  b e n th o s :  a ,  b , 
m esozooplankton;  c, d, m acrozoo
p lankton , a n d  e, f, hyperbenthos. 
B iom asses in m g A F D W /100  m 3.

T ra n s fe rt  d e  b io m a sse s  e n tre  le 
pélagos, la  couche d ’eau adjacente 

' au fond échantillonnée par le  tra î
neau et le  ben thos (en m g de Poids 
Sec L ibre d e  Cendres par 100 m 3) 
d u ra n t d e s  in te rv a lle s  d e  tem p s 
successifs en  heures, en novem bre 
1988 et ju ille t 1990. a, b : m éso 
z o o p la n c to n ;  c, d  : m a c ro z o o 
plancton, et e , / :  hyperbcnthos.
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25 m g /1 0 0  m 3 in  N o v e m b e r . A t s u n r is e ,  im p o r ta n t  
exchanges betw een  the tw o com partm ents w ere found in 
both series. In N ovem ber, positive and negative biom ass 
exchanges o cc u rre d  alternately  around sunse t (Fig. Se) 
due to  the sw im m ing  activity of am phipods and the deca
pod P andalina brevirostris. In July, there was an  im por
tant positive b iom ass exchange w hen peracarids and deca
po d s m ig ra ted  in to  the  B B L  (F ig . 5f ) .  T h e  fo llo w in g  
negative b iom ass exchanges lasted several hours the next 
morning.

D ISCUSSION 

Fauna composition

The BBL fauna collected at T rezen V raz was com posed of 
th r e e  g ro u p s  o f  o rg a n is m s :  (1 ) m e s o z o o p la n k to n ;  
(2) m acro zo o p lan k to n , both  g roups o f th ese  organism s 
possessing good sw im m ing ability and concentrated in the 
BBL in daytim e then m igrating up into the w ater column 
at n ight; and (3) hyperbenthic organism s w hich show ed 
nocturnal m ig ra tion  in  the near-bottom  w ater. The BBL 
m acrofauna o f T rezen  V raz sam pled by the M acer-GIROQ 
sledge was as diversified as the fauna in the Bay of Biscay 
described by Sorbe (1984), and m ore diversified than that 
found in  the Bay o f  Seine (W ang and D auvin, 1994; W ang 
et a l ,  1994) and on  Browns Banks, o ff the coast of Nova 
Scotia (W ildish e t al., 1992).

Swimming activity and daily changes

Daily vertical m igrations and sw im m ing activities o f many 
zoop lank ton ic  species w ere thoroughly  docum ented  by 
Sainte-M arie and Brunei (1985). By studying our samples 
four models o f sw im m ing behaviour and vertical distribu
tion could be identified in the B B L fauna: (1) occupying 
the entire BBL; (2) found essentially in the upper nets; (3) 
concentrating near the bottom ; and (4), occupying the en
tire B B L during the  day and concentrating near the bottom  
during the night. T w o main types of daily  changes were 
o b served : (1 ) am p h ip o d s , decap o d s and  som e m ysids 
m igrated from  the bottom  to the BBL at sunset and during 
the night; w hile (2) planktonic organism s such as euphau- 
siids, copepods and the dom inant m ysid Anchialina agilis 
and G astrosaccus norm ani concentrated near the bottom  
during the day  and  m igrated from  the B B L to the w ater 
colum n at night. T his daily rhythm  has been often observ
ed in  the BBL (e.g  Sorbe, 1984; Fossa, 1986; Kaartvedt, 
1985; W ang and Dauvin, 1994). Change in light intensity 
was the m ost im portant factor determ ining migratory acti
v ities (H esthagen , 1973; A nger e t a l ,  1976; M acquart- 
M oulin, 1973; Sainte-M arie and Brunei, 1985; M acquart- 
M oulin et a l ,  1987; K aartvedt 1989; E lizalde et a l  1991). 
It was probably the  determ inant factor in diel changes of 
Trezen V raz B B L  m acrofauna; but changes in intensity on 
the sea bottom  and in  the w ater colum n should be m easur
ed in order to  determ ine their relationship to  diel change of 
the BBL m acrofauna. O ther factors, such as food (Hestha
gen, 1973; B runei, 1979; Sorbe, 1984; Jones, 1986; Silbert, 
1981), sex (E lizalde e t a l ,  1991, 1993), and maturity state

T ab le  7

Ind iv id u a l b iom ass o f  m a in  species m g  A F D W  in N o vem b er 1988  and  
Ju ly  1990  hauls ; d  =  day ; n = night.

B io m asse  ind iv iduelle  d e s  p rincipales espèces en m g d e  P o id s Sec 
L ib re  d e  C endres dans l e s  deux  séries d e  n ovem bre  1988 et ju ille t 
1990 ; d  =  jo u r  ; n  = nuit.

14-15 N ovem ber 
1988

17-18 Ju ly  
1990

Chaetognatha
Sagitta elegans 0.075 0.004

Euphausiacea
E uphausiacea adult 0.160 0.130

Mysidacea
A nchia lina agilis (d) 0.062 0.023
A nchia lina agilis (n) 0.114 0.148
Gastrosaccus normani (d) 0.028 0.066
Gastrosaccus normani (n) 0.068 0.225
O ther M ysidacea 0.974 0.339

D ecapoda
Pandalina brevirostris 5.820 0.160
G ala thea intermedia 10.8 0.140
H ippolyte varians - 0.620
Pontophilus sculptus 3.800 2.010
Pontophilus trispinosus - 0.930
Processa sp. - 6.500

Fish larvae
C lupeidae 0.820 1.990
G obiidae 2.860 0.640
Others 1.370 2.670

Amphipoda
Apherusa clevei 0.046 0.070
Atylus vedlomensis 0.073 0.008
Cheirocratus assimilis 0.170 0.440
Eusirus longipes 0.190 0.036
Gammaropsis m acula ta 0.700 0.230
H ippom edon denticulatus 2.230 2.410
M elphidippella m acra 0.043 0.007
Stenothoe marina 0.040 0.470
Others am p h ipoda 0.092 0.078

C u m a c e a 1.012 0.092

isopoda 1,130 1,670

Mollusca C ep h a lo p o d a 1.555 2.073

C o p e p o d a 0.040 0,070
C rustacean  larvae 0.350 0.020

(Elizalde et a l ,  1991; M acquart-M oulin et a l ,  1987) were 
aiso im portant in explaining daily and seasonal changes of 
the B B L  m acrofauna in other areas.

Density and biomass

In  N ovem ber, the mean total faunal density in the four nets 
v a r ie d  b e tw e e n  547  a n d  2 ,0 2 4  in d . /1 0 0  m 3 (m ea n : 
1164 ind./100 m3), w hile in July, it varied betw een 5,210 
and 14,954 ind./100 m3 (mean: 10,018 ind./100 m 3). The 
total density o f BBL m acrofauna collected w ith a hyper
benth ic sledge and a 0.5 mm sieve m esh varied strongly 
from  one area to another. High densities w ere presen t in 
areas w ith im portant nutrient flux. In the Bay o f Seine, in 
an area about 10 m deep, under the influence o f the high 
input o f nutrients from the Seiner the total density  varied
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T able 8

M e a n  b io m a ss  in  the f o u r  n e ts  (m g A F D W /1 0 0  m 3) o f  th e  th re e  
groups o f  organism s and o f  the total fa u n a  in the tw o se ts o f  hauls.

B iom asses m oyennes dans les quatre file ts du traîneau des trois p rin 
cipaux groupes d ’organism es et b iom asses totales (m g en Poids Sec 
L ibre  de  C endres/100 m 3) de la  faune co llectée en novem bre 1988 et 
ju ille t 1990.

N ovem ber 1988 Ju ly  1990

M acrozooplankton 83.6 440.0
M esozooplankton 57.6 63.8
H yperbenthos 12.7 134.3
T ota l organism s 153.9 638.0

betw een 3.8 and 85.9 x  IO3 ind./100 m3 w ith a daily mean 
reach ing  21.6 x  IO3 ind./lOO m 3 in June  (W ang et a l ,  
1994). On Browns Banks (34 stations sam pled in summ er 
during daytim e at the depth o f about 80 m), the total den
sity varied between 187 and 26,894 ind./100 m3, the ove
rall mean was 3,574 ind./100 m 3 (W ildish et a l ,  1992). On 
the A tlantic seamount, the sum m er density was very low 
on Josephine Bank with daily m ean o f seven stations, 199- 
271 m deep: 187 ind./100 m 3, but higher on M eteor Bank 
w ith  d a ily  m e an  o f  e ig h t s ta t io n s ,  2 9 0 -3 1 3  m deep: 
1,111 ind./100 m 3 (Hesthagen, 1970). The values o f avai
lable density of the BBL Zooplankton more or less close to 
the ocean floor estimated by reentry trap and 95-153 pm 
sieve m esh w ere recorded by Cahoon and Tronzo (1992). 
They varied strongly from  one area to another from  23 and 
54,000 ind. nT 2, m ostly between 2 and 20 x  IO3 ind. m~2. 
T h e  ab u n d a n ce s  o b se rv ed  in  th is  s tu d y , re sp e c tiv e ly  
3.5 ind. m-2 in Novem ber and 30 ind. m -2 in  July, were 
am ong the low est p robably  because the use of 0.5 mm 
m esh underestim ated dem ersal Zooplankton abundances. 
N evertheless, above the coarse bottom , fish larvae were 
quite abundant in  July hauls, a m axim um  o f 570 ind./100 m 3 
being collected  around sunset. In the Bay o f  Seine, fish 
la rvae w ere also  abundant around sunset w ith a density 
h igher than 1000 ind./100 m 3 (W ang et a l ,  1994). Such 
high concentrations of fish larvae near the sea bottom  have 
not been reported in other studies.

T he average faunal density  o f  hyperbenthos in the four 
n e ts  w as  58  in d ./1 0 0  m 3 in  N o v e m b e r  1988 and  
947 ind./100 m 3 in July. The m ost abundant species was 
the m ysid Anchialina agilis. The abundance of hyperben
thic organism s has been reported  m ore often than abun
dances of th e  to ta l B B L fau n a . T o ta l B B L  fauna also 
varied strongly from  one area to  another, being highest on 
m uddy substrata (Dauvin et al., 1994; W ang and Dauvin,
1994). The m ean annual values found by D auvin  et al. 
(1994) on the Trezen V raz station w ere 240 ind./100 m 3. 
T he abundance of sum m er hauls (July) was h igher than 
those reported by W ildish e t al. (1992) on Brow ns Banks 
(about 75 ind./100 m 3) and by W ang and Dauvin (1994), 
in the Bay o f Seine (476 ind./100 m 3 but it  was low er than 
the  faunal density  in G u llm arfjo rd  and  Bay o f B iscay 
w here the abundance reached  about 3 ,000 ind ./100  m 3 
(Buhl-Jensen and Fossâ, 1991; E lizalde et al., 1993).

M ean  to ta l b io m a ss  in  the  fo u r nets sh o w ed  tem poral 
c h a n g e s ,  b e in g  r e s p e c t iv e ly  154 a n d  638  m g 
A FD W /100 m 3 in N ovem ber and July (185 and 766 mg 
D W /100 m 3). B iom asses w ere low er than at the Browns 
B anks stations w here sum m er biom ass varied between 118 
and  15 ,047 m g D W /1 0 0  m 3, w ith  an o v e ra ll m ean o f 
2 ,9 4 4  m g /1 0 0  m 3 (W ild ish  e t a l ,  1 9 9 2 ), an d  th o se  
e s tim a ted  by  S o rb e  (1984) a t a 31 m  depth : 2 ,130 m g 
D W /100 m 3, and a t a a 91 m depth station: 1,050 (day
tim e) and 3 ,120 (nighttim e) mg D W /100 m 3 (annual mean 
values). A t the Trezen Vraz station, the biom ass found in 
Ju ly  was o f  the sam e order o f m agnitude as the biom ass 
o f Zooplankton sam pled w ith a W P2 net „with a 0.5 mm 
m esh size in the w ater colum n in June 1992: 1,400 mg 
D W /100 m 3 (Le H oerff, pers. com m.).

In the w estern English Channel , the B B L m acrofauna on 
coarse sand com m unity was affected by seasonal variation 
of density  and biom ass, as w ere the benthic com m unity 
(Dauvin, 1988) and the Zooplankton (Colebrook, 1986), in 
relation to the concentration o f the period o f  recruitm ent 
and growth o f organism s in Spring (M ay-June), and high 
m ortality o f organism s at the beginning o f A utum n (Octo- 
ber-Novem ber).

Vertical biomass exchange

In te rac tio n s  am ong the B B L m acro fauna, ben thos and 
pelagos are very im portant in the study o f  pelago-benthic 
flu x  (S a in te -M a rie  and B runei, 1985; C h e v rie r  e t a l ,  
1991). In this study, the biom ass exchanges o f live m atter 
between the w ater colum n and the benthos, and the BBL 
sam pled by the sledge were estim ated fo r the first time. 
The biom ass exchanges between the three com partm ents 
(benthic, B B L and pelagos) occurred m ostly a t sunset and 
sunrise. O ther than at these tim es, the biom ass exchanges 
w ere lim ited, e.g. in July the biom ass of m acrozooplank- . 
ton sam pled in the BBL was m ultiplied by 6 around sun
s e t ,  an d  th e  b io m a ss  e x c h a n g e s  w as  h ig h e r  th a n  
1,600 m g/100 m 3 within an hour. But the lack o f hauls col
lected in the middle of the night did not perm it determ ina
tion o f the intensity of nocturnal exchanges o f biomasses. 
P ositive  b iom ass exchanges betw een  ben thos and BBL 
w e re  39 m g /1 0 0  m 3 (0.1 m g  m -2 ) in  N o v e m b e r  and  
347 m g/100  m 3 (1.0 mg m~2) in July. P ositive  b iom ass 
exchanges betw een pelagos and BBL w ere 317 m g/100 m 3 
(0.9 m g m~2) in Novem ber and 2,142 m g/100 m 3 in July 
(6.4 mg n T 2). These values w ere of an order o f  m agnitude 
low er than those estim ated by H am m er (1981) who, by 
using em ergence traps (153 pm sieve m esh), found a mean 
total b iom ass o f 94.2 mg A FD W  m~2 o f to ta l dem ersal 
Zooplankton em erged from  the sand substra te  in a kelp 
forest over a diel cycle. As the organisms o f the BBL are 
known to b e  important food sources fo r dem ersal fishes, it 
is clear that these available prey changed considerably bet
w een day and night, both qualitatively and quantitatively. 
O ur fu ture objectives w ill be to quantify  the im pact o f 
such changes o f the BBL m acrofauna on dem ersal fishes 
and on the w hole community.
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