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Abstract. Mesozooplankton biomass (as displacement 
volume and protein content) and electron-transport sys- 
tem (ETS) activity have been studied in the coastal waters 
rrnnnd the Canary Is!zndr. Incraver in bi~míisc 2nd 
ETS activity, on a unit volume basis, were observed in the 
wakes of the islands. The biomass values obtained in the 
leeward area for Gran Canaria Island were up to ten 
times higher than those observed for typical oceanic wa- 
ters around this archipelago. Sampling was performed in 
May 1986 at the end of the characteristic vertical mixing 
period in these waters. Relatively strong winds were 
recorded prior to sampling. Specifíc ETS activity was 
higher at the windward stations on the island shelf. This 
correlates with the observation in a recent study of in- 
creased primary production on the shclf area, where tur- 
bulence produced by the northerly trade winds has a 
marked effect, The persistente of thir t-&u!enre during 
a prolonged wind-pulse results in an accumulation of 
organisms in the wake of the islands due to current dy- 
namics. This process is proposed as being an important 
causative mechanism of the island-mass effect. Different 
biomass values were recorded between circular and 
oblong islands. The latter are oriented towards the cur- 
rent and the northerly trade winds, and display signifi- 
cantly lower biomass values than the former. 

Introduction 

The in~rease i n  p!anktnnir: hiomarc dne to pertnrhatinn 
Produced by subtropical islands in the general oceanic 
circulation is an enrichment phenomenon which could be 
hportant to the highest trophic levels. The stock of 
coastal planktotrophic fishes (mackerel, sardine, etc.) is 
an important factor affecting the presence of tuna near 
islands (Blackburn 1965, Sund et al. 1981). The environ- 
mental characteristics of Canary Island waters have been 
discussed in previous works (De León and Braun 1973, 
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de2 De Puelles 1986, Hernández-León 1987, 1988 a). 
Oligotrophy and the presence of a late winter bloom are 
general characteristics of the waters around the Canaries. 

In recent years, we have observed that physical factors 
such as wind-puises have an important effect on the 
coastal waters of the Canary Islands. Increases in meso- 
7nnp!ankt~n hiem-iss fe!!nwing wind-==!ser w r e  recerd- --- 
ed by Hernández-Léon (1 988 a); e.g. off the leeward side 
of the south coast of Gran Canaria, a mesozooplankton 
maximum was observed coinciding with the maximum 
strength of the northerly trade winds in summer. The 
values recorded were several times higher than those re- 
ported by different authors for typical oceanic waters 
around these islands. 

In recent works (Hernández-León 1986, 1987, 1988 a, 
b, Hernández-León and Miranda-Rodal 1987), meso- 
zooplankton gradients have been reported for wind-shear 
areas of the island wlien, after a wind-calm period, a 
northerly trade-wind pulse is produced. The causative 
mechunisms were Uiscussrc! in thesr pupers, kiit p~ssih!e 
differences between windward and leeward areas were 
not investigated. 

During May 1986, we had the opportunity of studying 
the mesozooplankton biomass and ETS activity and of 
sampling coastal waters around the entire archipelago, 
with the aim of investigating increases in biomass ob- 
served around the island of Gran Canaria at the end of 
the period characterized by vertical water-mixing. The 
sampling area was larger than that in earlier studies (Her- 
nández-León 1986, 1987, 1988a, b), which had focused 
on the leeward area of the island. The posible effect of 
island shape was also investigated by sampling a circular 
islind (Gran Canaria) and two oh!mg is!ands (Lanzarnte 
and Fuertcvcntura, considered as one unit); the latter two 
islands are oriented towards the current and the northerly 
trade winds (Molina and Laatzen 1986). Data obtained 
around four further islands were used to compare and 
elucidate the general biological processes in the archi- 
pelago as a whole. 

Materials and rnethods 

Plankton was collected during the "Ecos 8605" cruise with R. V. 
"Taliarte", 13 to 31 May 1986. Data on wind direction and speed 
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Fig. 1 .  Location o€  sampling stations 
around Canary Islands; asterisk on Gran 
Canaria island shows position where wind 
data were recorded 

were provided by the "Instituto Nacional de Meteorologia" at Gran 
Canaria airport; this station was chosen for its advantageous posi- 
tion for recording the northerly trade winds. 

Mesozooplankton was collected at  each station from O to 200 m 
or O to 5-10m from the bottom, depending on water-column 
depth, by means of vertical hauls using a WP-2 triple net, which is 
a version of the standard WP-2 (UNESCO 1968). Three samples 
were taken at  each station. One sample was used for deiermining 
biomass as displacement volume and as protein content and also for 
measuring ETS activity. This sample was immediately frozen in 
liquid nitrogen (-196°C) and later analyzed in the laboratory. 
Proteins were assayed following the method proposed by Lowry 
et al. (1951), using bovine serum albumine (BSA) as standard. In 
n r r l a r  t n  ~ n m n a n e n i t o  f n r  onxr nr\~tiirnollrlii.rnoI A ; f f P n = n r ~ ~  ninht. 
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day ratios of 1.37 for displacement volume and 1.85 for the protein 
content were calculated. ETS activity was determined in accordance 
with Packard (1969), Owens and King (1975) and Kenner and 
Ahmed (1975). Details of the p rmdure  are described in Hernández- 
Lebn (19X8h). ETS data were calcglated for the "in situ" tempera- 
ture using the Arrhenius equation, taking 15 kcal mol-' as the 
activation energy (Packard et al. 1975). The other two samples were 
stored for taxonomical work and measurement of dry weight and 
ash-free dry weight. 

Results 

When present, the seasonal thermocline was weak during 
the cruise; this is characteristic for spring in these waters, 
where vertical mixing begins in winter and lasts until the 
end of May (De León and Braun 1973, Braun 1981, Her- 
nandez-León et al. 1984, Hernandez-León 1988 a). 
Higner temperatures were recorded to the west of tne 
archipelago, in agreement with earlier studies (Mas- 
careño and Molina 1970, Mascareño 1972, Hernández- 
León and Miranda-Rodal 1987). 

Low chlorophyll a values (0.15 to 0.20 mg mP3) were 
recorded throughout the archipelago; except during the 
late winter bloom, this is normal for the area (De León and 
Braun 1973, Braun 1981, Hernández-León et al. 1984, 
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Fernández de Puelles 1986). However, high meso- 
- - 
m 

zooplankton-biomass values were observed on the lee- 
O 

- 
ward side of Gran Canaria island, maximum values OC- - O m 

curring in the central part of the island's wake; to the E 

north, values were lower (Fig. 2). This high biomass O 

(> 10 times higher than normal values for the area) is 
n 

most probably related to physical factors affecting the - E 

water column around the island. We studied the wind a 

data in relation to wake formation. For about one month 
2 

n n 

prior to sampling, winds were strong, with mean daily n 

values between 7 and 12 m S-', and predominantly 3 

northerly (Fig. 3). Using satellite images; Van Camp and 
O 

Nykjaer (1988) revealed the presence of a cold-water ring 
to the southwest of Gran Canaria island. This ring would 
seem to be an almost constant feature of the area, as it has 
been observed in recent satellite-monitoring studies (M. 
Cantón personal communication). Perez-Martell(1488), 
in a comparison of wind and water current velocity 
around Gran Canaria, observed that the water-current 
speed could be roughly predicted from the wind data if 
wind-speed values range between 8 and 12 m S-  ' and the 
persistence of this wind is greater than 6 h. Using her 
calculations and our wind-speed values and taking the 
eddy viscosity of seawater to be 2.2 cm2 S-'  

(Barkley 1972), we calculated a Reynolds number > 50, 
which is higher than that given by Barkley for an eddy 
system downstream of a Pacific ato11 (Johnston Atoll). 
Although we have no evidence, a cold-water ring was 
probably present during the cruise and has been observed 
receniiy as a dome in profiies iemperaiiire (owíi uii- 
published data). 

ETS per unit volume showed a similar pattern to that 
of biomass (Fig. 4A; cf. Fig. 2A). Comparisons of 
biomass and respiration, measured by the classic bottle- 
method, have demonstrated that higher biomass results 
in higher oxygen consumption throughout the water col- 
umn (Scholander et al. 1953, Conover 1959, Ikeda 1970, 
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Fig. 2. Mesozooplankton biomass at 15 stations around Gran Canaria island, shown as displacement volume 011 m - j ;  A) and as protein 
content (mg m-3; B) 
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Fig. 3. Wind direction and velocity for Gran Canaria is- 
iand. Data was vbiained ea& ciay ai 6i.66, 67.66, i3.66 
and 18.00 hrs. Dashed portion of line indicates calm peri- 
ods (no wind) 
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l 
Mesozooplankton electron-transport system (ETS) activity around Gran Canaria island, shown on a unit-volume basis 

b102 m - 3  h- l ;  A) and as specific activity (pl O, mg protein- ' h- '; B) 
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Fig. 5. Mesozooplankton biornass at  25 stations around Lanzarote and Fuerteventura islands, shown as displacement volume ( ~ 1  m-3;  A) 
and as protein content (mg m-3;  B) 

Fig. 6. Mesozooplankton ETS activity around Lanzarote and Fuerteventura islands shown on a unit-volume basis (pI O, m '  h '; A) : i d  

as specific activity (p10, mg protein ' h -  '; B) 
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~ & l c  1. Displacement volume (DV), protein content and electron- biornass is highest in Group 3, and specific ETS highest in Group 2.  
t r ansp~r t  systcm (ETS) activity for thc Canary Islands archipclago. Valucs are mcansf standard deviation (SD); high SDs rcsult from 
Sin:iGns urr grGuped ucccFdifig != :heir posi:iui, ii, ;c[a:iofi :u ;hc ua;iabili:y uf cufidi;ioiis bekeeli ihe uaiioUs isiancis 
northerly trade winds and the presence of the island shelf. Note that 

Stations Group DV Protein ETS Specific ETS 
(PI m-7 (mg m - ?  ( $ 0 ,  m - 3  h- ')  ( ~ 1 0 ,  mg protein- ' h -  ') 

windward 
outside shelf (n  = 32) 1 8 3 I  51 1.69 + 0.95 28.76 + 12.66 1 6 . 7 6 f 8 . 0 8  
on shelf (n= 18) 2 9 9 I  43 2.60 f 1 .S7 49.70 f 24.73 18.37 I 3 . 9 4  

~eeward  
on shelf (n = 13) 3 1 4 6 I 1 1 3  4.98 I 4 . 5 7  67.91 f 36.40 17.73 I 9 . 8 6  
outside shelf (n = 5) 4 1 1 4 I 1 0 3  2.55 k2 .91  29.76+ 17.11 15 .30I7 .55  

Means 1 0 1 5  7 2  2.62 I 2.60 41.83 1: 26.96 17.27 f 7.46 

Nival et al. 1972). In contrast, specific ETS activity dis- 
played a quite different pattern, consisting of two well- 
defined areas of relatively high activity: one to the east of 
Gran Canaria island and a second to the west (Fig. 4B). 
ETS activity was higher in turbulent waters where the 
~ i n d  was strong and persistent, and lowest in the wake of 
the island. 

Around Lanzarote and Fuerteventura, biomass 
(Fig. 5) and ETS per unit volume (Fig. 6A) did not dis- 
play gradients as high as those observed for Gran Canar- 
ia. Mesozooplankton patches seemed to occur on shelf 
areas (e.g. north of Lanzarote) or in specific geographic 
zones of the islands such as capes, where a shearing effect 
of the northerly trade winds is common. Specific activity 
maxima occurred in the same areas as the biomass maxi- 
ma. However, in the windward area to the east of 
Fuerteventura, a marked ETS activity gradient was ap- 
parent, which was less pronounced on the leeward side 
(Fig. 6 B). 

The biomass and ETS gradients observed around 
Tenerife were of lesser magnitude. As reported previously 
(Hernández-León and Miranda-Rodal 1987), higher 
biomass values were recorded on the leeward side of the 
island and in the wind-shear area. A secondary maximum 
was also encountered to the north, in a small shelf-area. 
T ,.,- .A?.c--.A ---A:--*- -L- l7-I-C- --L:. .:L-- 
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and per unit biomass were observed, coinciding with 
maximum biomass values. 

Around Gomera, La Palma and El Hierro Islands, 
maximum biomass values and ETS per unit volume were 
also recorded in the wake of the islands. Maximum 
specific ETS activity occurred at the windward stations to 
the north of these islands. Table 1 compares biomass and 
ETS activity in the different sampling areas around the 
isiancis as function of the presence o i  the island shelf and 
the position of the various sampling areas with respect to 
the northerly trade winds. Biomass and ETS maxima 
occurred at the leeward stations on the shelf. Minima 
Were recorded at the windward stations outside the shelf 
edge, i.e., prior to contact of the water mass with the 
islands. Specific ETS activity attained a maximum at the 
Windward stations on the shelf with the lowest standard 
deviation, and a minimum at the leeward stations outside 
the shelf edge. Mean specific activity was always higher 
On the shelf. 

Discussion and conclusions 

In May 1986, it was possible to record some of the biolog- 
ical processes resulting from the disturbance created by 
islands in typical oceanic waters when the northerly trade 
winds blow for a prolonged period of time. Unfortunate- 
ly, no data were recorded for the cold-water ring to the 
southwest of Gran Canaria island which was later ob- 
served from "in situ" data and remote sensing studies. 
High biomass values in the wake area and the high 
specific ETS activity at the windward stations on the shelf 
are a trend general to the archipelago as a whole. 

Differences in biomass were observed as a function of 
shape of the islands. Circular islands such as Gran Canar- 
ia displayed high values of mesozooplankton biomass, 
which were not recorded for oblong islands such as Lan- 
zarote and Fuerteventura which are oriented towards the 
current and the northerly trade winds and do not offer 
significant resistance to the general water-current circula- 
tion. Surface temperature recorded by satellite images 
revealed the presence of well-developed wakes to the 
south of Gran Canaria, whereas for Lanzarote and 
Fuerteventura this effect was minimal (M. Cantón per- 
sonal communication). In addition, the presence of an 
island shelf strongly influences biomass (Table l), and is 
probabiy ihe cause of ihe iower and ETS gradi- 
ents observed around the western islands, whose shelves 
are extremely narrow. The regeneration of nutrients in 
the sediment on the shelf off the Canary Islands is a 
causative mechanism in increased productivity in these 
waters (Arístegui et al. 1989). The Ekman layer calculat- 
ed from the wind data was about 60 m depth, permitting 
a contribution of nutrients from the benthos in shallower 
areas. This vertical mixing is presumably responsible for 
the increased biomass at depths <60 m observed in an 
earlier study in summer, under the influence of strong 
northerly trade winds (Hernández-León 1988 a). 

Low chlorophyll a values were recorded during the 
cruise, and no significant increase in phytoplankton 
biomass was observed to the leeward of the islands. These 
low values may be related to grazing by zooplankters, 
which consume about 93% of the primary production in 
Canary Island waters (Braun 1981). Although the latter 
value is probably an overestimation, it indicates that 
grazing has an important effect on the presence of phyto- 
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p!ankton hiimass around there is!and. Unfortiinate!y, 
no measurements of primary production were made. 
However, comparison of the values of primary produc- 
tion in calm areas with that in the turbulent waters of the 
wind-shear areas revealed a higher autotrophic produc- 
tion in the area of turbulence on the shelf (Arístegui et al. 
1989). This correlates with the higher specific ETS activ- 
ity recorded in this latter area (Table 1). Therefore, 
zooplankton growth will presumably be only moderate in 
the water column over shelf areas. Zooplankton drift and 
their accumulation in the wakes of islands, combined 
with their motility and vertical migration, could be a 
means of maintaining proximity to islands, where waters 
are potentially more productive. In addition, an anticy- 
clonic eddy has been observed recently from "in situ" 
data (own unpublished data), quite near to the area 
where the maximum biomass off Gran Canaria was 
recorded (Fig. 2). Animals may be trapped in this down- 
welling area. 

Various authors have observed increased biomass val- 
ues in waters around islands (e.g. Moore 1949, Doty and 
Ogury 1956, Jones 1962, Hargraves et al. 1970, Simpson 
et al. 1972, Sander 1973, 1981, Gilmartin and Revelante 
1974, Houvenaghel1978, Moore and Sander 1979, Feld- 
man et al. 1984, Le Borgne et al. 1985), and some have 
found values to be higher in the leeward side. Alldredge 
and Hamner (1980) observed mean biomass values up to 
six times higher in the leeward area of Whitsunday 1s- 
land, Queensland (Australia). Le Borgne et al. (1985) 
found an increase in zooplankton biomass to the leeward 
of Mare Island, New Caledonia, which could have been 
caused by the accumulation processes proposed in the 
present study. Boden and Parker (1 986) inferred that cir- 
culation around Prince Edward Island (47 "S; 30 "E) must 
prolong the residence time of macroplankton near the 
island. Hernández-León (1988 b) found an increase in 
mesozooplankton at the boundary between the calm of 
the wake and the turbulent surrounding waters. 

The accumulation of organisms to the leeward of is- 
lands is proposed as an important causative mechanism 
of h e  isianci-mass effect. Tine mechanisms of animai con- 
centration and the hydrodynamic features that pre- 
sumably govern the drifting of plankton need to be clar- 
ified. This phenomenon may prove important to local 
fisheries; fish eggs and larvae remain near the island, in 
the wake area, as a result of the increased biomass (own 
unpublished data); more significant must be their higher 
survival rate as a consequence of the increased availabil- 
ity of food in these areas. 
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