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S l Jh fMARY:  I!ic eflcct í i f  thc \ ~ i i i c l  shcar fieltl on tlie wuthwcst hordcr of (;tan C:anaria Island (C:an,try Islands) 
causes t l ~  d c ~ ~ c l i ~ p ~ i i e ~ i t  of <t ~ii~iiiiic 1101it t l i a~  f l u ~ t u d t e  uridcr tlic iiiflueiice of tlie North 'I'radc Wirids. 'I'his front 
xp;iratcs two arcas ori thc is1;iiitl shelf: one of turhulencc anrl «rie o l  caliii, tlie Idtier in a wake oí  wdriii water to tlic 
soiith of tlie idand. Monthly \iiiclies o f  hioniass and production in phyto- arid rooplankton drid aciivit) of thc nicir)fau- 
iia Iiave beeri done during tht: winter and spring of 1W-87 ,  respcctivcly. rnainly from two stations ¿ippri,ximarelg 50 m 
iieep. onc in mch ot the ahove-meiitioried aseas Values ot nutrients, prinlary production arid inesozooplankton hio- 
inabs and activity were Iiighci t!i;iii those providcd hy othcr auttiors for oceanic water\ of the archipelagn Noncthelesr. 
ilg:;ifici3t:rc dlfferri:c-h u,c;-: fí:uEc! c)n [:oth 5jc!p5 <?f thC fr(?l:!,  ir^^ Of  !ur!,u!enct', phy!!~p!lgk!on w;!~ 
,ihundant hul rnorc iicti\c. coiiicitling with higher concentrations of riitr;ite, as coinparcd with tlie arca oi calin. Low 
v;ilues of cell number\ lound ir1 t ~ t h  :ire;i< m;iy he explairicd by the grazing pressure ot relatively large patches of  
nicsozooplaiikton fci~itid townrd\ the wind shear ficld. and also by physic;il processei caiising disper\ion at the more 
exposed slation. Llnlike ttie oceari, whcrc the productive scason is restrictsd k i  (he late wintcrnr early gpring. in co;istal 
waters planktonic prodiiction m:iy he rctther liigh troughoiit rnost of thc ye:ir due to tlie action of thc North Tradc 
Miirids. uhich coritiriuoiisi) niix tlic suri,tcc waters. 

I'hc C'aiiary Is lmd< arc  siit-i-ciutitieci by water.; 
cor i s ide red  o l i g o t r o p h i c  b y  sc\,cr-aI ~ i i i t l i o r s  (DI: I , I I ( ' )N 
('i \ 3 l < h l ! N ,  1973; k5K\\ IN.  \r)80: H I I A \ T N  &! )I:,F.O?J. 

1071: H K , ~ I  K M  REAL..  1 0 8 ! .  1 0 8 1 ;  K t ~ ~ e ¿ r r l . ,  1 9 x 1 ;  

I%t<, \r  i.1 d., 1976, 1985, 1"iSOj. u , i t h  s n i a l l  a i r i o u n t s  

o f  n u t r i e n t s  in t h e  e u p l i o t i c  L o r i c  a i i d  a low p r i n i a r y  

p r o d u c t i o n  ( c x c e p t  dur ing t h c  l a t e  w i n t e i  b l o o m ) .  I i i  

o c c a n i c  a r c a s ,  a seasonal t h e r t n o c l i r i e  d c v e l o p s  from 
iitioiit 50 10 120 r n c t e r s  ir1 clcptli t h r o t i g h o u t  rnos t  o f  

l i ic  u s a r .  liiiiiting thi. ciip1dy o f  i i u t r i c n t k  t o  t h c  

\uiI'iicc ~ o i i c  ( D E  l , t . .Ó~  ck ~ ~ I ~ A L ' N .  1 0 7 3 ) .  Nt i l i i c r i t s  

a r c  o n l y  h r o u g h t  to tlic sur f ; i ce  in  sni;ill zinioiiiits: 

phytol7l;itiktori ic s c x c e .  aiici srii¿iii t o r m s  wt i i ch  g r o w  

i i r ider  liniitcci riiitriciit  co r ice r i t r a t io r i s  p r c c a i l  

( B I I A I J N  & RLIAI.. 10X1: U K A U N  ('f d.. 1985). I'iic 
s i i r f a c c  wate r - s  a r c  inixcti o n l y  d u r i i i g  t l ie  w i i i t e r .  tlie 
i iu t r i c t i t s  the r i  rcacli t h c i r  l i igt iest  Itwels. and  a h l o o i n  

is p r - o d u c c d  d u i i r i g  t l i e  l a t e  wi r i t e r  o r  e x l y  s p r i i i g .  

Howevcr. nutricnts al-c quicklo dcpk\cd anll the 
bloorii is s l io r i - l ivc r l ,  r e t i i r n i n g  t o  i h e  low p r o d i i c t i v e  

s i t u a t i o n  (Di: L b . 0 ~  & BKAUN, 1073; ~ ~ K A U N ,  1080). 
As prirni i ry p r o d u c t i o n  is low i n o \ t  of t h e  year. t h e  

iippw t r o p h i c i e c e l s  a r e  iilso u r i p r o d u c t i v e  aricl t l i e  

m o p l a n k t o n ,  l i k c  t h c  p h y t o p l ; i n k t o n .  1s scarce i n  t h e  

o c e a r i  ( ~ ~ I I A I  ' N .  1981; ~ F I < N A ~ I ) I - . ~  DF. I'lJtl-LE S ,  

IOXh) 

0 i i  t l ic  o t l i c ~  h i i n d ,  ~ c l a t r v e I y  I;ii-gc p i i t c t i c s  ot 
m o p l a i i k t o i i  may he foiind i n  c o a s t a l  w a t c r s  to t l i c  

~ 0 ~ 1 t h  ol t h c  i ~ l í ~ r i ~ l s .  i n  p a r t i c u i ; i r .  iiroiinci G r a n  
('. . , ,iri<irLi I ~ l o i i d .  higt i  acc~iiriiiliitic)iis o1 i i i e s o z o o -  



plariktori werc found hut rcstricted to tlie south of the 
islari(l. 'l'tie iiiore active individualx lcctl closc to thc 
1,oiindiiries between thc calni and turbulent waters o11 
130th sities of thc island wake ( ~ ~ E I < N / I N I > ~ : ~ . - I . E ( ~ N ,  
1986) 

I t  wns difficult to bclicve that this sccondary pro- 
duction could be niaintaincd througlio~it tlie ycar by 
pririiiiry prodiiction as low as that foiind ir1 thc neiirby 
oceariic waters. For this renson, n program was 
dedicated to the study of the seasonal variations in 
the waters to tlie soiithwest of Gran Canaria. The aim 
of this work was to compare the productivity of this 
coastal area with data froin adjacent oceanic waters 
obtiiiiied by different authors. Stirtions in the calm 
:irea :irid near the wind slicnr field wherc the highest 
riict:iholic ~ictivity o f  zooplariktori liad been found 
\irci-e stiidicd. Prelimiii:iry resiilts foi- tlie winter and 
spring pcriods are given ir1 this paper. 

MATEKIALS A N D  METHODS 

The field data were obtained in a coastal area to 
the soiithwest of Gran Canaria. Seven stations ( E l  to 
E7) ranging from 40 to 100 meters in depth were sam- 
pled five times between Novembre 1986 and May 
1987 for zooplankton and meiofauna studies. From 
among these stations, two ( E l  and E3),  approximate- 
ly 50 m deep,  were selected for phytoplankton studies 
in December 1986, one on each side of the visual 
boundary between the calm and the turbulent waters 
affected by the wind (Fig. 1). 

Wind intensity and direction data were obtained 
from the Instituto Nacional de Meteorología, at  Gran 
Canaria airport. 

Seawater samples wcre collected in 5-liter Niskin 
bottles at four standard depths ( 5 ,  15, 25, and 40 m). 
From each bottle, subsamples were drawn for 
analysis of inorganic nutrient salts, chlorophyll a, 
phytoplankton taxonomic composition and producti- 
vity. Temperature was measured at the above depths 
with reversing thermometers, and the compensation 
depth of the algae was derived from Secchi Disk 
readings. No criteria were used to select incubation 
depths from light intensity depths. It was assumed 
that there was no significant inhibition of 
photosynthesis by light in the water column, since 
more [han iü  Gh of (he surface iigiií aiways reacheci 
the bottom. 

Nutrient samples were stored in a freezer during 
the cruises and kept frozen at - 20 "C in the labora- 
tory until analysis. Nitrate, nitrite, phosphate and 
silicate were spectrophotometrically measured using 
the methods of WooD et al. (1967), BENDSCH- 
NEIDEK & ROBINSON (1952), MURPHY & RILEY 
(1962) and MULLIN & RILEY (1962), respectively. 

After filtering 4 liters of seawater through Wat- 

rrian GFlF filters, chlorophyll a concentrations were 
estirnatccl by thc absorbance irietliod using the 
spectrophotometric equations of Jeffrev & Humph- 
rey as described i r i  I'AKsONS e¡ 01. (1984). The phyto- 
plariktori samples were preserved by adding a few 
drops oi 1,ugol iodine solution arid stored in the dark 
ir1 250-ni1 plastic bottles. Cclls largcr than 5 p n  were 
countcti directly oii gridded Millipore H A  filters after 
filtering 100 ml of the samplc. Often, duplicate sam- 
ples wer-e settled in 100 ml chambers and cells were 
courited with an inverted microscope at x 200 and 
x 400 rnagnifications. 

Priniary production was measured duririg Februa- 
ry. April and May. usirig the 14C riiethod of Steeniari- 
Nielsen. as describcd in PARSONS ct (11. (1984). After 
adding 3 pCi H 2 " ~ ' 0 3 ,  duplicate clerir and dnrk 
125-1111 bottles were incubatcd in situ at inidday for 2 
to 3 hours at thc same vertical dcpths where water 
samples had bcen obtained in the cast. Incubations 
were terminated by gentlc filtration of samples on 
0.45 pni Millipore H A  filters. Filters were dried over- 

CANARY ISLANDS 300 t 

Fiti. 1. - A )  Canitry lslands arca .  B)  Gran  Ciinaria Island. North 
Trade Winds play an important role in the development of a wake 
of warni and calm water t o  the south of the  island (area  enclosed 
by trianglc). Sampling stations (El  to  E7) were placcd o n  both 

sides of thc front between the calm and turbulent waters.  



i i i g I i t ,  fuiiicd for onc minute ovcr- conccritrated I I ( 7  
to remove dissolved "C. placed in 15 ni1 of sciritill- 

cüch;aij (Aqüasol-2j, acsayed i i i  ;, I,kb i2i  i 
rackB liquid scintillation coiintcr with an externa1 
standard. 

Mesozooplankton was caught in one vertical haul 
usirig a WP-2 triple net, a vcrsion of the standard 
, 1 1  V Y  I J -2 net (UNESCO, 1968), frorri 0-50 m or  0-75 ni, 

depending on the depth of thc water colunin. One  oí' 
the samples obtained was immediately frozen in liq- 
uid nitrogen (-196 "C) until analysis in the laborato- 
ry, to determine biomass (as proteins) and Electron 
Transport System (ETS) activity. Proteins were as- 
sayed following the method proposed by LOWRY et 
al. (1951), using Bovine Serum Albumine (BSA) as 
standard. ETS activity was determined in accordance 
with PACKAKD (1969), OWENS & KING (1075), and 
KENNER & AHMED (1975). Details of thc  procedure 
are described in HERNÁNDEZ-LEON (1988b). E'I'S 
data were calculated for the in situ temperature using 

WlND DlRECTlON 

Z A )  iiiiii! \.iii,irii~ii\ 111 ilic \ \ i i id  dirccci~~ii ( I I I  dcgiec\! 
and iiitcn,ity (ir1 Kiii/li) Ivw,irda ~ l i c  iuiiirricr. wirid piil!,c\ are 
more intcrise and conitant in dircction B )  Seasonal changcs in ihe 
surfacc water tcinperature ("C) at t l  (dashed Iirie). F3 (dottcd 
line) and in thc eritire arca ( E l  io E71 (solid line) Extrerrie v;iluc\. 
riieaii value5 ;irid standard devi;itioni are given lor ttic entire :irc,i 

tlic Arrticnius cquatioii, tiiking 15 Kcallriiol as tlic 
xtivation energy (PA('KAIID ct d., 1975). 

Scdiiiicriti, wcie cuiiecied wiiii :r vari Y e e ~ i  grah 
(0.035 m2),  filtered through a 50pm mesh and mixcd 
well. From each sample, two subsamples were placed 
in 50 ml plastic core harrels and stored in liquid r i i -  

trogen until analysis. 111 the laboratory, elutriation ot 
sediment was carried out using the techniquc of 
R o i s s ~ ~ u  (1957). The ETS activity of the meiofauna 
was measured in the same way as for the plankton. 

RESULTS 

During the sampling period, the North Trade 
Winds were characterized by a great constancy. 
although an increase in intensity and a lesser 
variation in direction were observed towards the end 
of the spring season (Fig. 2A).  

The water temperature showed a trend similar to 
the one described for the nearby surface oceanic wa- 
ters by various authors (DE LEON & BKAUN, 1973; 
BKAUN, 1980; BRAUN & REAL, 1984). However, 
there were significant differences between E l  and a 
E3. Although the temperature was honiogeneous at N - 

a11 depths at both stations, the water at E l  (inside the 
- 
m O 

wake) reniained warmer during the cooling of the - - 
winter months, reaching a diffcrence in February of 

0 
m 

E 
about 1 "C between tlic two (Fig. 2B). 'Tliis situation 

O 

may be a common feature to the south of the Canary 
,, 

E 

T A B L E  l .  - Comparative values between oceanic ;ind coastal a 

arcas. ( * )  data from DE Lt-ON & B K A ~ I N  (1973). BRALIN PI (11. n 

(1976), BKACJN (1980). BKALJN K: KEAI. (1984). RKI\I!N CI  (11 n 
n 

(l1%5), ~ ' E K N A N D E /  I > t  í ' ~ l i ~ 1 . t ~  (1986) arid ~ ~ ~ R N A N I > I . % - L I  ON 
(1986). ( * * )  data from thc prcserit work: E l  dnd E3 are statioiia ir1 3 

calni and turbulent watcrs. respectively Range = extreme riieaii O 

\,ilues, Mcaii = iiicaii of thc iiicaii valuca. oi iaiige «f  iiicaii \ ,~luc,  
given by thc ahove authors 

Kangc Ilcón 
7uiyimkton biomarc 1 7 5 1 87 161-4 3.1 ! 8d 
(proteins ni ') 
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S I L I C A T E  

F I ( ,  3 -- Vertical prolilcs o! i i i lratc (KM N O , ) .  nitritc ( y h l  NO ' ) .  
phospliste (yM PO,) dnd tilic;iie (ILM SiO,) at  El (<la\hctl Iine) 

and E3 (solid line) 

Islands. In n recent work,  HERKÁNDEZ-L.EÓI\IN hi ,MI 
IIANDA-RODAL (1987) found.  in offshore watei-s to  
the south of Tenerifc Island, :in arca of vertic~il rnix- 
ing coincidrng with the wind sheai' tield. Ttiis arca 
wns located in the front betwccn the watcrs inside 
and outside the wake,  exhibiting differenccs in tcm- 
peraturc of about 1 'C. -. 

1 tic cuncentrations of nutrient saits (especiaiiy ni- 
trate) were high compared t o  those fountl in the siip- 
erficial oceanic waters (Table 1). The  pliospliatc and 

TOTAL CELLS/IOOml 
E1 E3 

1 11, J .\i.,i\ciii,iI cli\iri l i i i i ioii <11 ~ ~ l i ~ i o ~ ~ 1 . 1 1 i h t ~ i r i  .i\ ioi.11 ~ c l l  i!iiiii 

bcr IOO mi  ' XKI dtatoii~s 100 1111 ' :ti t . 1  ~IK I  E3. l ' o t ~ i l  ccll r i u i ~ i ~  
lwr iricliidc orily thc most rcprcsciitativc p i i p s  of phytoplniiktoit 
I , i i & ~ í  ih,zii .5pni. di,ii*>iii>. ii;rii,íl,i,gcIl,iic~. c< , i i ~ l ; i h< iph \ , r~ i Ih  ,tiid 

\ l l lLo l l~ lgc l l ' l i c~.  

5ilic;ite \s;iliic\ werc the iiiost coristaiit in x p x e  <iiid 
time. Nitrate niid riitrite. howcver, showcd a coil- 
sidcrable iiicrcase f r o n ~  hl;ircli to  May. rnore pro- 
nouricecl ;it L 3  than at El (Fig. 3) .  

Ptiytoplanktori cell nurribers werc rnuch iowci 
tliiiri thosc I-cportcti tor occanic arcas ( U K ~ C I N  et (11 . .  

1976; 1 3 1 i ~ u n .  1980) ('l'nblc 1). Howevci~.  witliiii 
these recluced values. a grcater nur-iiber of cells ;ind a 
rnore well-dcfiricd ver tical distributioii wcre seeii at 
El than ;it E?. At the forrner. diatoms were concen- 
tiiitcd oii tlie wrface at tlic cnd of thc winter.  and i i ~  

the spririg as thc water got \varnicr. cells were fouiitl 
,it rlccpcr lcvels (Fiz. 4). Tliis scarcity of cclls was thc 
cause of tlie low chlorophyll ri valucs (Fig. 5 ) .  evcii 
lower t l i i i r i  in oceariic wLitcrs ('I'nble 1 ) .  Moreover .  :ii 

iio time tliiring thc s;impliiig perioci did a late wiritci 
o r  spring bloorn occur, o r  else it was not seen. the 
lower valiies for chlorophyll a and cell number corrc- 
sponding to March and April,  wheri zooplankton 
peaked (Figs 7 and 8). T h e  relationship betweerr 
chlorophyll a arid cell number (Fig. 5 )  showed high 
values o1 chlorophyll per  cell, considerably higher in 
cclls at E3 than at E l .  Although on  a comparative 
basis these results may indicatc the presence of a 
more active phytoplarikton in the  turbulent arca.  
absolute values may not be accurate at  all, since the 
smallest cells were not counted.  Primary production 
incrcaserl towards blay at  both stations, the values 
for thc previous months beirig slightly higher at E3 
than at El (Fig. 7). These values were of approxi- 
rnatelq thc snme rnngnitude as those for thc occan 
during thc iatc winter bioom ( l a b i c  i j .  Primary pro- 
duction was distrihuted almost homogencoiisly 
through the watcr colurriri. cxcept in May when tliere 
was a rnaxirniim concentr;itcd at  the  siirface (Fig. 6) .  
Hssirriiiaiiori iiumixx vaiues in February anci Aprii 
(Figs. h arid 7) were similar t o  those reported BRAUN 
& REAI. (1984) for coastal waters throughout the 

CHLOROPHYLL L / C  ELL - 
E l  t3  





S P  E T S  

Fic; 9 -- Seasonal variatioiis in spaiial diatribution of ( A l  t« A5)  biomliss (mg Proteins m ' )  nnd ( B I  to B5) ETS specific x t iv i ty  (sp  
TI'S) (1iI O,  nig Pror. ' 11 ' )  ir1 ttic mewzoopl;tnkton. 

Canary Island waters. Howeber, there are also signi- 
ficant differences between the calm and turbulent 
waters on the shelf, represented in this work by E l  
and E3, respectively. Though tlie water colurnri wa5 
always mixed at both stations, E3 was affected by 
<.*-,, -,.-- 
3 1 1 \ 1 1 1 g C . I  a u v C C L l u i i  mc! 2 iTi i i iC tüibüleiit iegiiíic, 
caused by the continuous action of the North Trade 
Winds. As  a result, nutrients were more readily 
distributed at E3 than at E l ,  and the phytoplankton- 
was therefore more active (with higher assimilation 
numbers) at E3 station. These populations of active 
phytoplankton thriving in turbulent waters could fit 
into the concept of r-strategists described by MAK- 
GALEF (1974, 1978) for diatorns and related forrris. 
However, comparative data of chlorophyll, primary 
production and cell numbers must be interpreted 
with caution. Our taxonomic study did not include 
the smallest nanoplankton and the picoplankton, 
which have been recently found to play an important 
rolc even in coastal waters, when microphytoplank- 
ton is scarce (JoINT, 1986). Thus, although the 
greater part of chlorophyll u after the increase in nu- 
tricnts probably belongs to cells larger than 5 pm, the 
smallest forms may be largely responsible for the 
chlorophyll values registered in December. The very 
low nuniber of cells always observed at E3 may be 
ciue in part to ihe ciispersion causcci by physicai 

advection. However, grazing seerns to play an im- 
portant role in governing the abundance of phyto- 
plankton in the entire area. Coinciding with the bio- 
inass peak in r t ieso~ooplar ik to~~,  there was a sharp de- 
crease in cells at El,  which only increased again after 
+h,. T ~ , ~ - l ~ . . l , t ~ . .  ..--Ir A--..- :.. \ A , , . ,  A .-n,.n..+ n + . . A ~ ~  
L I I L  ~ u u t ~ ~ a i i r \ ~ u i i  [JCUK u1up3 1 1 1  I V I C I Y .  n I C C L I I L  3 1 u u y  

also carried out off the south coast of Gran Canaria 
(ARÍSTEGUI et al., unpublished data) confirms this 
idea, revealing a close interdependence between the 
microphytoplankton and mesozooplankton. 

The late winter maximum in the ETS activity 
preceded a biomass maximum in the mesozooplank- 
ton, and occurried close to the turbulent area where 
phytoplankton showed its highest productivity. The 
subsequent increase in the metabolic activity of the 
meiofauna of the sediment would correspond to the 
supply of faecal pellets and dead particulate organic 
material which sank down to the bottom after the 
zooplankton maximum. The new regenerated pro- 
ducts would be easily distributed in the water colurnn 
as a result of the strong wind, constant in direction 
and intensity from March to May. This increase in the 
concentration of nutrients salts (particularly nitrate) 
affected the entire area, but mainly the zone exposed 
to the wind, and induced an increase in primary pro- 
duction. 

Mucii more work rnust be done in orcier io 




