


migrants of the deep scattering layers (DSL's) could 
drive the differences in abundance. A similar phe 
nomenon has been previously de.scxibed in freshwater 
ecosystems (Gliwicks, 1986), showing that the 
increase in zooplankton during the second quarter of 
the moon and the posterior dec~ease after the full 
moon was related to differences in predation pressure 
by fish on zooplanicton. Briefly, the process is related 
to h e  fact that during full moon and previous days, 
diel migants do not reach the upper layers of the 
ocean as observed from acoustic data (Tarling et d, 
1999) and field sampling (Clarke, 1973; Roger, 1974; 
Tarling et al., 1999). Deep scattering l aya  move ver- 
tically following determined isolumes @den and 
Karnpa, 1969), and during the second quarter the 
moon illumination produces that day isolumes 
(around 500 m &pth in subtropical waters) are found 
at 100-150 m depth during níght (Hiii, 1962). This 
behsviour wil l  reduce the predation pressure in M- 
lower waters allowing epipeiagic zooplankton to 
increase in aóundance. By conuast, epipelagic zoo- 
p! îaon are predated aftm the fuil mnnn as &! ver- 
tical rnigrants reach the surface waters due to dark- 
ness ( s e  discussion in Hernández-León, 1998). 

In this paper, we have reviewed historical data on 
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Canary Islands. The aim of the work was to see if 
the changes related ro the lunar cycle of epipelagic 

Days after 7th June 1983 

RG. 1. - Location of the station to the no& of Tenerife Island 
(Canary Islands). 
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(1998) were observed as significant changes in the O 

integrared (0-200 m) zooplankton abundance. g 

Days aiter 7th June 1983 

-0- Total abundance 
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FIG. 2. - (A) Abundana of nauplia and copqmditcs in nlation to tbc fuli moon (vatical dashed lb) dmmg the annual cydts studied by 
FmiBndez de Puelks (1986). @) As in (A) for tbc copcpods, noDcopepods and both CoMecMg lincs were drawn whm the time intmal 

betwcm samples wac less than 15 days. 



Data analysed in this study consists of bimonth- 
ly sakples obtained bemeen June 1983 and Febm- 
ary 1985 by Femández de PueUes (1986) at an 
oceanic staíion north of Tenerife IsIand over a depth 
of 1200 m (Fig. 1). Zooplanldon saqles were taken 
from obiique tows (200 m up to tbe surface) with 
two 50 cm Juday Bogorov nets equipped with 250 
and 100 p mesh General. Octaníc flowmeters. 
Further detaih of sarnpling are @ven in Femández 
de Pueiles (1987), F&dez de Pueiíes and García- 
Braun (1989) and Femández de Puelles and García- 
Braun (1996). 

Sampling of zooplankton abundance reported by 
Fernández de Puelits (1986) in open ocean waters 
was on the basis of a 15day interval (or more). 
These data were ratber variable due to the differ- 
ences in abundance among years and seasons. As 

FIG. 3. - Abundante of (A) nanpiia, (B) copcpoditts and (C) cope- 
pods co11cCfcd in tbe 100 pm mesh IW and grouprd in relation to the 
d i f f m t  pciicds of he cycie. The vmkai lines arc me 

staadard deviation. 

expeca the observed pattcm showed high abun- 
dance and variabiity during the late winter bloom 
and very low values during the most oligotrophic 
season (auaimn) of the annual cycle (Fig. 2A,B). 
Nevertheless, it can be observed that during the late 
winter the highest aóundance were rough1y coinci- 
dent with the full moon. 

III onler to study the effect of the moon cycle on 
tht abundante and size structure of the zoopiankton 
wmmunity, the abundance data were groupecl md 
plotted in relation to the different quarters of the 
moon cycle: fúst from new to crescent moon, the 
second from rrex;ent to full moon, the third from 
NI to waning moon and the fouah from waning to 
new moon. Nauplia and copepodites obtained in the 
100 pm mesh net (Fig. 3AJ3) showed non-si&- 
cant difFerences (ANOVA, p>0.05) bétween the dif- 

FIG. 4. - Abtmdrmct of .) copqd%.(B) noncopcpods and (C) 
total abondance of o r g a n ~  cotk*cd in the 250 pm mesh net and 
groupGd in rcluion to thc diñerait paiods of the moon cycle. 

VcrticallinesasinFigiin3. 
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ferent quarters of the m m .  Adult copepods sarn- 
pled with this net showed apparently higher and 
more variable values during the s e c a d  quarter of 
the moon (Fig. 3C). Differences between the second 
quarter of the mwn and the others quarters were, 
however, not significantly different (ANOVA, 
pM.05). This variabiiity is *ven by the rather dif- 
ferent abundance values observed d u ~ g  olig- 
omphic or bloom periods. 

Adult capepods collected in the 250 p mesh net 
showed the same pattem as observed with the cope- 
pods collected in the 100 pm mesh net with higher 
and more variable abundance during the second 
quaxter of the miion cycie (Fig. 4A). However, dif- 
ferences between the second quarter and the others 
were statistidy significant (ANOVA, ~ 4 . 0 5 ) .  No 
statistid diffcrences wert observed for the non- 
copepod mesozooplankton (Fig. 4B), while for the 
total abundbce (Fig. 4C) the differences were aiso 
signiñcant (m.05) showing that, as expexted, 
copepods drive the abundance of mesozooplankton. 
In order to suppress the seasonal variabiity, mpe- 
podites plus copepods were p l e d  together consid- 
ering the highest values of the second quarter of the 
m m  as the 100% of abundance (Fig. 5). Since ody 
two lunar cycles showed values in the £irsi quarter of 
the moon, this was excluded fmm the figure. A clear 
decrease in abundance was observed from the sec- 
ond to the fourrh quarter of the moon (ANOVA, 
p<O.OS), showing a íather high variabiliiy in the 
days ttetween both moon iiiumination periods. 

nitse results give additional support to the pres- 
ente of a lunar cycle in meso~)uphkton in sub- 
tropical waters. Because data cm mplaukton bio- 
mass ate 'oase<i on m b-&, *e =Eecz of 
changes in h d a n c e  in the moon illumkted lay- 
ers should nbt be as clear as if sampling were 
restncted to the ie. upper 100 m layer, the layer 
most aífecteci by c h g e s  in moon iuumination. 
However,it shows that chauges in abundance m not 
related to daytime changes in the vertical diseibu- 
tim of epipeiagic coptpods in the 0-200 m layer. 
The main problem m &he interpretation of the com- 
piled data is related to the high variability in zos. 
plankion biomass ammg seasons. The highest zoo- 
planlrton abundante w m  observed during the sec- 
ond quarter of the moon coinciding with tht increase 
in the moon iiluminntinn, although ihk result could 
be biased by the seasonal changes in abunáance. 
Nevertheless, when the seasonal variability is sub- 
tracted by normalising the data (Fig. 5), it can be 
observed that abundance was significandy lower 

FE. 5. - PcTcentagc of copepoditcs plus copepods p p e d  in rela- 
uon to the stcond, thYd and founh quarter of the moon. Values dur- 
ing h e  stcond quarta of Ihe moon wae conventd u> 100% of 
aburadanct in order to subtraa the suwnal variability. Vertical 

b s  s i n  Figurc 3. 

during the new moon period. This is in agreement S 

with the d t s  of Gliwicks (1986) who observed N 

E 

higher abundante during the second quarter of the O 

moon in freshwater zooplankton. The Merences in n - - 
m 

abundance found in the present work and in a previ- o 
E 

ous study (Hemández-León, 1998) highlight the role E 
2 

of predation in stnicturing the marine pelagic E - 
ecosystem (Venty and Smetactk, 1996). Moreover, 3 

the difíeremes h abimdance durjng the full and new - - 
moan phases suggest that there is a net flux of ener- 

0 
m 
E 

gy from the euphotic to the mesopelagic zones O 

t h u g h  the diel vertical migrants. Energy trans- 
n 

ferred from primary producen to mesozooplankton - E 

in the shallower layers of the ocean would be trans- 
a 

2 

ported to deep waters due to predation by dieI verti- n n 

n 

cal migrants. This is in agreement with observations 
made in ihe Canary Island waters by Hemández- 
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León et al. (1984) who observed an increase in bio- 
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mass in the upper 200 m depth during the late win- 
ter bloom. 

The importance of ihk process in the s d e d  
active fiux component of rhe bioiogicai pump in 
subtropical waters needs to be evaluated. A 30-day 
periodicity in the sinking (gravitational) flux has 
been o b s e ~ ~ e d  with deep sediment traps in subtrop- 
ical waters of the Atlantic ocean O(hripounoff et d., 
1998). This feattJre couíd be e x p M  by the lunar 
periodicity in abundante of mesozooplankton 
described above. On the other han& our d t s  may 
shed some Iight on the interpretation of the uncou- 
pling n m y  observed betwten pl.imary produc- 
tion and export flux. FuTther studies have to be made 
with shorter periods of sampling in order to corrob- 
orate this pattern of variation in zooplankton bio- 
mass and abundance in subtmpicd waters. 
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