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Oxygen consumption and excrclion rates for ammonia and soluble reaclive 
phosphorus (SRP) by mesozooplankton were studied al a se ries of stations located 
along a transee! bctween the islands of Mallorca and Menorca during July 1983. As in 
a prcvious cruise aIse made during the summer stratification pcriod (Ju ly 1982) , 
vertica l profiles of zooplanklOn biomuss showed the exiSlence of a zooplankton 
maximum , coi ncid ing with the chlorophyll , phytoplankton and J

4C fixation maxima . 
The mean zooplanklon excretion in the epiplankton layer can provide 13.7-16.8 % of 
the N (as ammonia) and 67.2-76.6 % of the P (as SRP) requirements for primary 
production , assuming a mean carbon-to-nitrogen assimilation ratio (CIN) o f 6.65 , 
equal to the mean C/N ratio o f the panicuJate matter in the croise , and a C/P 
assimilation ratio of 183.7 (equivalent to the mean composition ratio of phyto­
plankton). According 10 the rate of oxyge n consumption by the zooplankto n , the 
maintenance o f its metabolic activity required 20-23 % of the primary production. 
Due 10 nyctemcral migratiolJ , zooplankton maintained a day-night rhythm in t he 
nutrient supply to the surface layers. The nightlday ratio of the excreted nutrients 
ave raged 1.5 in the 0-50 m depth layer. 

Oeeallol. Aeta, 1988. Océanographie pélagique méditerranéenne , édité par H. J . 
Minas et P . Niva l, 185- 191. 

Le métabolisme du zooplancton en relation avec la productio n 
primaire pendant la période estivale dans la Méditerranée occidentale 

Les taux de respiration et d 'excrétion (ammonium et phosphore) du mésozooplanc­
ton ont été étudiés le long d 'une radia le allan t de Barce lone au canal séparan t 
Majorque de Mino rque en juin-juillet 1983. Comme lors d ' une mission précédente , 
réalisée aussi pendant la période de stratification thermique (PE ll-82 , juillet 1982) , la 
distribution vertica le de la biomasse du zooplancton a montré l'existence d 'un 
maximum en coïncidence avec les maxima de ch lorophylle, phytoplancton et fixation 
de J4C. L'excrétio n moyenne due au zooplancton dans la couche épiplanctonique 
peut fournir 13 ,7-16 ,8 % de l'azote (sous forme d'ammonium) ct 67 ,2-76,6 % du 
phosphore (sous forme de phosphore réactif soluble) nécessaire à la production 
primaire , si l'on considère un rapport d 'assimi lation C/N de 6 ,65 , égal au quotient 
CIN correspondant à ce lu i de la matiè re organique paniculaire trouvée pendant la 
mission et un rapport d'assimilation CIP de 183,7, égal au rapport ClP moyen du 
phytoplancton. E n ce qui conce rne le taux de respiration , l'activité métabolique du 
zooplancton correspondrai t ft 20-23 % de la production primaire. La migration 
vertica le du zooplancton ,1 pou r conséquence un rythme journalier d 'apport de se ls 
nutritifs par excré tion dans les couches supérieures , le rapport nuit/ jour é tan t voisin 
de 1,5 dans les 50 premiers mètres. 

Oceoflol. Acta, 1988. Océanographie pélagique médi terranéenne , édité par H . J . 
Mi nas e t P. Niva l, 185- 19 1. 
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INTRODUcrlON 

Zooplankton feeding and excretion are of special 
intcrcst in the sludy of the fac lors controlling 
planktonic production in marine ecosystems (Cushing, 
1975). The ratio of primary production supportcd by 
the nu trients excreted by zooplankton has been re­
ported to be negligible or very low in coastal and 
estuarine areas (Smith. 1978 a; b), but in oceanic 
zones. or when the vellica l upward transpoll of 
nutrien ts has been reduced by density stratifiC;ltion. 
zooplankton excretion can be one of the most import­
ant sources of nutrients in the photic layer (Jawed, 
1973 : Holligan et al., 1984). In sorne cases it can cven 
supply ail the requirernents in N (Verity, 1985) and P 
(Martin, 1968; Eppley el al., 1973) of the phyto­
pla nkton. 
During summer st rm ificalÏon in the Western Medi ter­
ranean. planktonic production is strongly in fluenced 
by the deve lopmcn t of deep chlorophyll and zoo­
planklon maxima (OCM and DZM, respective ly). 
Thcir cha racteristics were studied throughou t a se ries 
of cruises (PEP-82. J uly 1982: PEP-S3 , June-July 
1983: PEP-84_ May 1984) sponsored by the Comisi6n 
Asesora de Investigaci6n Cientifica y Técnica 
(CA IC YT) and the Instituto de Ciencias dei Mar de 
Barcelona (CS IC), on boa rd the RN Garcia deI Cid, 
in the area between Barcelona and the islands of 
Mallorca and Menorca. The purpose of the present 
papcr Îs ta study the oxygen consumption and nitrogen 
(ammonia) and phosphorus (soluble reacti"c phos­
phoru~, SRP) excretion ratcs by zooplankton , a::. weil 
as thei r con tribution 10 primaI)' production du ring the 
PEP-83 cruise (30 J une- 18 July 1983). The structure 
of phytoplankton populations. chlorophyll dimi­
bUlion. and primary production in relation tO the 
vertical StruCture of the waler column in the same 
area. have been di scussed by Margalef (1985) and 
Estntdu (1985 a: b). and the vellica l distribution of 
zooplanklOn biomass and the relationship bctween 
the DZi'ol and the DCM have been described by 
Alcaraz (1985) and Alcaraz et al. (1985). 

MATERJAL AND METHODS 

The area sampled during the PEP-83 cruise (JO J une-
18 July 1983) comprised a transect from Barcelona to 
beyond the channel bc tween Mallorca and Menorca 
(Fig. 1). As in a previous cruise (PEP-82. July 1982). 
the sur"e)' included two series of stations. "hydro­
graphic" and "biological". In the biological stations. 
which lastcd for 12 to 24 hours, six depths we rc 
chosen according 10 the profiles of tempcralUre . 
salinit)'. O~. underwater irradiance, NOrN. NOrN. 
NH~-N. PO~·P. SiO~-Si and chlorophyll (/. The 
paramctcrs considered were spcctrophotomctric 
chlorophyll fi, zooplankton (mesoplankton) biomas~. 
!JC phytoplankton uptake, and zooplankton respi­
ration and excretion rates. More details concerning 
the ~<lmpling strateg) and mcthodology can bc found 
in E~trada (1985 (/; h). Margalcf (1985), Alcaraz 
(1985) and Alcaraz el al. (1985). Zooplankton biomass 

186 

,. 

Figure: 1 

,. 
7 
~. 

' ·w 
• zoo BIQMASS 
OPHV$lOlOGV 

.&. 2i. h 5 TATION 

,;'-<1 _ _ __ ~"., 

,;,.63 1 1 

Position Qf th~ .muions dl/ring tht PEI'-83 rruist. 

was csti mated as described by Alcaraz (1982; 1985) 
and Alcaraz et al. (1985): 30 1 waler samplcs, taken 
by means of Van Dom metacrilate boilles, were 
filtered through 200 j.1m-mesh nylon nelling . and the 
mate rial retaincd WllS transferrcd onto pre-combusted 
Wh,lI man (iFIl gla<,;s fibre fi liNS , dried and stored 
unti l analysis. The analyses of the orgllnic C and N 
contents of the fil tcrs were carried ou t with a Perkin­
Elmer model 240 CHN analyzer as described in Fraga 
(1976). The sample vol ume W<lS considered ta give an 
acceptable estimation of the mesoplanklOn biomass in 
view of the coefficient of variation obtained during 
the PEP-82 cruÎ3e. corresponding 10 five repeated 
caSlS at the sarne depth (C" = 18.9 %, Alcaraz. 1985). 
Biomass has bec n expresscd in fJ-g at.N. lias 
paniculale organic N is more c10se ly related 10 livi ng 
mattcr than palliculale organic C, duc to thc signifi­
cant fraction of carbon-rich dct rital paniculate matter 
which is rctained by the 200 fJ-m filtcrs (Holligan 
el al., 1984; Alcaraz, 1982; 1985 j A1caraz el al. , 
1985) in this arca. 
According to the position of the DCM. wh ich was 
determined by means of fluorimetric ana lysis of 
:,amples taken at inlcrva ls of 10 rn bctween the surface 
and 120 m depth. ~ix zooplank ton sample::. were 
obt<lined from surface to 90 m in order 10 estimllte its 
vertical distribution. One sample coincided wilh the 
DCÎ\'1. and IWO more \~ere JO m abo"c and under the 
DCM. 
The day-night ch'lOges in the vertical dist ribution of 
zooplankton biomass were st udied at stat ion 63 by 
mcans of profi lc~ mHde al approximately 4-hour 
intcrvals Ihroughout a period of 24 hours. 

Rc::.piration and c:tcretion rates of zooplankton ,II the 
sta tions - shawn in Figure 1 - were estimated simu l· 
taneously by the difference in oxygen, ammonia and 



phosphate concentration in experimen tal and control 
boules. 
Experimental o rganisms (mixed zooplankton) were 
collected by means of a 200 ~m WP·2 net wilh a non· 
fi ltering cod end, haulcd from 100 m depth to the 
surface. Zooplankton samples were immediately 
transferred 10 several 1 1 jars and diluted with sea 
water from the DCM . previously filt ered through 
GF/C glass fibre filters. The zooplankton was allowed 
10 acclimatize for one hour at the experimental 
tcmpe ralure and in dim light. One to rive ml al iquo ts 
of the diluted sam ples. depending on the abunda nce 
of zooplankton, were introduced into 250 or 500 ml 
acid·rinsed bcakers fiUed with filtered sea wate r (the 
same as that used to dilute the samples). Bo ules wilh 
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Figure 2 
lsoplelhç uf A : Tempefowfe CC) ; 8: ClrlvfOphyli a (~g 1- /) 01111 
C; ZQQplonk/(m bivnUI$J < .... g<ll N.."., 1- J) dllri"8 lite PEP-83 cmise. 
Slrad/'d Ofeos indiCOI/' conc~ntfolivns aboi'/' 1 Il!;chl a 1- 1 ond 0.08 
Ilgal N.."., 1_ / fl'sf'l'Cl il·dy. 

Table 1 

ZOQPlANKTON METABOUSM AND PRIMAAY PRODUCTION 

and without zooplank ton were stoppc rcd avoiding the 
trapping of air bubbles, covered with alu minium foi l, 
and incubated from 12 tu 24 hOUTS at 15 ·C . 

The samplcs for O2, ammonia and SRP analysis from 
experimen tal and control f1asks were taken by means 
of a syphon fitl ed with 200 ~m nylon ncuing in order 
to retain the org.misms in the flasks. After sampling , 
zooplanklon was transferred by filtration on lu pre­
combusted GF/C glass fibre filters and analyscd as in 
the case of zooplank ton biomass. The concentration 
of zooplanklOn in the experimental flasks was from 6 
to 60 li mes greater than that obscrved in the deep 
zooplankton maximum (DZM). Oxygen concen· 
tration was analyscd by means of the Win kler 
method. using a Metrohm E 425 , E 473 automatic 
tritator fined wilh a pllltinum electrode and u silver­
si lver cloride reference electrode to detect the end 
point . which corresponded to 333 mV. 

Ammonia was analysed after Koroleff (1970) , and 
soluble reactive phosphorus (S RP) wi th a Technicon 
autoanalyze r following the procedure of Strick land 
and Pa rsons (1972). The resu lts were expressed as 
~gat O2.0, ~gal N~·N , and ~gal P04-P per ~gal 
N,g} per day. 

RESULTS 

Zooplankton biomass and taxonomie composition 

The gene ral condi tions of thermal stratification .tnd 
venica l distribution of ch lorophyll CI (Fig. 2) du ring 
the r EP-83 croise were in good agreement with thosc 
of Ihe prcvious cruise (PEP-82 , AJcamz, 1985) , as 
were the mean zooplankton biomass, the main fea · 
turcs of its vertica l distributions and the general 
taxonomie composition , althollgh during PEP-82 
DCM 'lnd DZM were belween 10 and 20 m dcepcr. 
The va lues of zooplankton biomass along the Iransect 
(Tab . 1) showed a minimum al stutions 63 and 69 
(Fig. 2) , at the same location where the lowest values 
were found dllring PEP-82 (station 19, Alcamz, 
1985). 
Near the Catalan coast (station 34) , ge latinous zoo-

ZQQpla,,/aQlI biOl/l/llS. mC/abolie raits atJd cumfibJUiVtJ vf ammQIJia ulIll SRI' 10 pfil/Jflry producl ilHl ÎlJ Iht lVeslem Medi/tfrUllealJ. ZoopIIUJkIO'J 
bivnulss in .... ~al N"", 1- ,; m/'lUbolic lal/'S in Ilgal 0 1'0 Ilgal N~ d- '. Ilga l NH.,· N Ilglil N- I d 1 and 1'-8011 1'0.-1' Il!;111 
N;..! d-I. NI ... ·N and PO,-P U Cftl/'d by zoopla,J/o:llm. and N ami P f/'quifl'd by plry/vplan/o:lvn in m~ m- l d r:'Valuu cQrrcspo"din8 IV 15 ·C. 

Sta- 7~ Metaboli<: rules NH.-N N" % l'O,-P p . % 
tion plancton eJ(erctcd required eonlri- exerclcd ro::quired conui· 

biomass 0 1'0 NH,-N PO,-I' bution bUlion 

" O._ 0.874 0. 11 7 13.05 
62 0.0514 2.910 0.œ3 0.0150 ''''0 32.17 16.8 2.15 3.14 68.' 
6J 0.0448 2.560 0.061 0.0098 3.43 39.54 8.7 1.22 3.86 31.6 
69 OJ).tS? 1.920 0.107 0.0295 6.16 35.48 17.4 3.76 3.46 108.6 
71 0.05111 0.835 0.077 0.0169 '.64 46.76 12.1 2.74 4.56 OU 
X 0.0576 1.819 0.089 0.01 78 6.74 38.48 13.7 2.46 3.75 67.2 
u 0.0178 0.950 0.023 0.0083 3.67 6.28 4 .1 0.92 0.53 27.5 

• Cakcut.tcd KroroJrng Ille: ",Ibon fiUlion rlucs br ph)'loplankton and a~mrng lhe C ! N Ind ç! l' I>similation ratios 10 he: c'l~al 10 Ille composition ral ios of 
phyloplankl0n. ç; N .. 6.65 (lhi~ crui)/;:. unpubli~lled dala) : ç; 1' . 183.7 (Mayuud. Manin. I97S). 
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plankton (doliolids and siphonophores) were numeri­
cally dominant, followed by chaetognaths and 
copepods (sma ll Clausoealanu$ sp.) ; in the stations 
loeated in the central zone of the transeet. zoo­
plankton popula tions were almosl exclusively com­
po~ed of copcpods (sm311 and large Clallsoca!(lfll/s, 
CalaI/lis, Lucicwia, Cal/dacia, ele., at station 62, and 
large copepods such as EIICalaf/lls, Calanus, 
ClallsoealmlllS, Rhincalallus, elc. at station 63). Again 
near the coast o f the Balearic is lands (station 69) , 
doliolids. chactognaths and salps were the dominant 
groups. followed by radiolarians and sma ll copepods. 
Beyond the channel between the islands (station 71), 
the samples included mainly radiola rians and 
siphonophores and. as minor compement. copepods. 

The pattern of day-night changes in the depth of the 
zooplankton maximum at Sléltion 63 are shown in 
Figure 3. During daylight hours, zooplankton and 
phytoplankton maxima coincided at 60-70 m dcpth, 
whi le at night zooplankton ascended , its maximum 
becoming located at the surface. The part itioning of 
the 0-90 m depth biomass in two layers , one between 
the surfuec and 50 m deplh (above the DCM) and 
another be lween 50 and 90 m depth (includi ng the 
DCM ), corresponding 10 duy and night hours, has 
been summarized in Table 2. During the day , two-
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Table 2 

0 

thirds o f the zooplanklOn biomass were eoncentrated 
in the 50-90 nt layer, while during the nighl :1 similar 
proportion was found bctween the surface and 50 m 
depth . 

Respiration and excrl'tiOIl rates 

Oxygen consumption and ammonia and SRP excre tion 
mtes at 15 ·C by mixed zooplankton in the different 
stations of the transeet are shown in Table 1. Al though 
respiration and excretion do nOI see m 10 be rela tet!. 
the speci fie excretion rates eorresponding 10 ammonia 
and phosphorus show similar Irends. The mean speci­
fie respiration rate was 1.819 I-lgat O2-0 I-lgat 
N~ d- I ( range: 0.835-2.91 0 IJ.,gat Or O I-lgal Nro:, 
d- 1). The lowest values were found at stations 34 and 
71. respective1y eoastal and beyond the ehilnnel 
betwcen the islands (Fig. 1). and the highest raies at 
stations 62 and 63. 

Ammonia excretion ave raged 0.089 /-Lgat NH,," 1 IJ.,gat 
N- I d- J (range: 0,061-0.177 I-lgat NHJ-N IJ.,gal 
N;! d- I

) ; as regards phosphorus , the me;," excretion 
rate was 0.0 178 IJ.,gat P0 4-P }J-gat N;;' d 1 (range : 
0.0098-0.0295 IJ.,gat P04-P /J.gat N~ d- 1). In both 
cases. the lowest rates were found at stations 62 and 
63. 

2 4 

Figure 3 
Challgu durill$ a 24-hour ~riod ill tht I·trlica/ 
dis/riOu/ioll of :oop/allk/oll bioman al SI. 63 
durillg tht PEP·83 cruUt. Shadtd afta indicatu 
concemralloru abol·t 0.08 I1gal N"", 1" 1. 

Mtlln comribulloll of :oopfallklon txcwion /0 lM N IIl1d r rtlfuirtmtms of ph}"loplanklOn ln rht 0-50 m dl'prh faytr, abo.·t lht DCM : a) tukmg 
imo aCCQunr Ihe effrc/ of "'enicaf migration; b) in Ihe hypolhe/icuf cose of lacking I·t rlicaf migralion. Da/a corrtsponding 10 15 oc. 
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Zoo biomass (%) 
N excreled (mg NH.-N m-) d" 1) 
r exm:ted (mg 1'0'-1' m- l d" 1) 
N requircd (mg N m" ) d" 1) 
l' requlred (mg l' m- 1 d" 1) 

Contribullon of N tlcrttion ('if.) 
Conlribulion of l' ucrttion (%) 

Zoo blomass (%) 
N exereted (mg NI·IA-J m- l d 1) 
l' excrc:lc:d (mg 1'0,·1' m- J d" 1) 
N requircd (mg N m- 1 d" 1) 
l' rc:quired (mg l' m") d- 1) 
Contnbution of 1'1 ue/tlion <%) 
Contribullon of l' uerClion ('JI;) 
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Day (14 h) 
31.2 
0.0245 
0.00S95 

31.2 
0.0245 
0.00895 

Night (JO h) 
63.6 
0.0351 
0.0130 

31.2 
o.om 
0.0064 

Total (24 h) 
44.7 
0.0602 
0.0219 
0.359 
0.0350 

16.8 
62.8 

31.2 
0.0420 
0.Ot52 
0.359 
0.0350 

11.1 
43.6 



N: P, 0: N and 0: P alomic ralios were calculated 
according 10 Ihe O2-0 consumplion, NJ-L-N and 
PO~-P excrelion raies. The variabililY bclween 
stalions (Tab . 3) was lowe r for N: P Ihan for 
0: N and 0 : P ralios. The highesl values were found 
al stations 62 and 63, specially in the case of 
0: N and 0: P ralios, which showed a threefold 
incrcase in comparison wi th the other stations. 

Table 3 
VtI/ua of Ihe tllOmic rtllio:J corraponding /0 0 1 coruumplion. NH.­
N tlnd PO.-p excrelion rtiltS. 

Slation N:P O :N 0 : P 

34 7.4 
62 ,., 34.9 194.4 
63 '.2 43.5 m, 
69 4.' 17.9 65.1 
71 3.' 10.8 49.4 

Mean 4.9 22.9 144.8 
u 1.1 15.6 105.9 

Zooplankton metabolism and primary production 

Nitrogcn and phosphorus requirements of phyto­
plankton wcre deduced from data on 14C fixation 
Tales (Estrada , 1985 b). The C: N and C: P assimi­
lalion ralios of the phytoplankton were considered to 
be equivalent to the mean C: N atomic composition 
ralio o f the less Ihan 200 jJ.m-sÎlc particulatc matter 
collecled during Ihe cruise (C: N "" 6.69, unpublished 
data) , alld to the mean C : r alomic composition ralio 
of phyloplankton given by Maylaud and Martin 
( 1975), C: P = 183.7. 
The percentages of nitrogen and phosphorus which 
enlered into the system via mesozooplankton excre­
tion of ammonia and SRP in the 0-90 m dcpth layer 
h:lve been summarized in Table 1. On average , am­
monia and SRP excreted at 15 "C accounted respect­
ively for 13.7 % ofthe N and 67.2 % ofthe P required 
by the phytoplankton. 
The day-night changes in the position of the zoo­
planklon maximum delermined an increase in the 
ammonia and SRP excreted in Ihe 0-50 m depth layer 
during the nighl. The total amoun t of N and P 
excreted (at 15 "C) above the phytoplankton maxi­
mum supplied 16.8 % of the N and 62.8 % of the P 
required by phytoplankton (Tab.2), according to 
data on primary production in the 0-50 m depth laye r 
given by Estrada (1985 b) . 
An estimate of Ihe percentage of primary production 

Table 4 
Percenluge oflhe pn'mary produCliOIl needed 10 mtlinlain Iht: rOUlinr: 
nltltlbolism of looplanK.lon. ESlimations have bun made tIC(ording 
10 Ihe mttlll 0 1 coruumplion rali::J. metln C fixtllioll rale:J tlnd 
coruidering 1 ml 0 1 '"' 0.5 mg C. DUlti correspolldillg 10 15 ·C. 

o 0 : rate (Id 0 1"0 Ilgat N;'; d t) 
o 0 1 0-90 m (ml Or O m- 1 d- 1) 
C respired (mg C m- 1 d- t) 
Primary production (mg C m- 1 d- t) 
% Primary production required by Zoo 

20.4 
105.9 
52.9 

258.0 "'., 
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which is " respired" by Ihe zooplankton is given in 
Table 4. According 10 dala on O2 consumption raies 
by zooplanklOn (Tab. 1) and to C fixation rates by 
phytoplankton (Eslrada , 1985 b) , and assuming thal 
1 ml O2 is equ ivalent to 0.5 mg C. zooplankton 
·;respired" 20.5 % of the primary productio n at 15 oC. 

DISCUSSION 

Metabolic activity and atomic ratios 

The changes in the metabolic rates observed along the 
transect can be attribu led 10 differences in taxonomie 
composilion such as the proportion of gelat inous 
zooplankton (Veri ty, 1985) o r the size of the orga­
nisms (Ikeda , 1985). 

The mean specific respiration and excretion rates for 
mixed zooplankton are slightly lower than those 
reported by Le Borgne (1973) in Ihe Mauritanian 
upwelling at 14- 18 ' C (3.1 jJ.gal O2-0 jJ.gat N;,! 
d- t ; 0.231 jJ.gat NH,,-N jJ.gat N;.! d- 1 ; 0.021 jJ.gat 
P04-P jJ.gal N;,! d- I) , Ketchum (1962) in Long Island 
Sound (2.8 jJ.gat O2-0 jJ.gal N;u! d- t ; 0.364 j.1gat 
NH,,-N jJ.gat N;.! d- t; 0.021 j.1gat P0 4-P j.1gat 
N~ d- t) and Verity (1985) in Ihe Sargasso Sea (0.162 
jJ.ga t NH,,-N jJ.gat N;.! d- I), although Verity's data 
correspond to higher temperatures (21 to 29 "C). 
More similar are the ammonia and SRP excretio n 
rates given by Martin (1968) in Narraganseu (0.035-
0.338 jJ.gat NH~-N jJ.gat N~ d- t ; 0.0112-0.0294 jJ.gat 
PO,,- P jJ.gal N;.! d- 1), Eppley el al. (1973) in the 
North Pacific central gyre (0.026-0.181 jJ.gat NH4-N 
jJ.gat N~ d- 1 ; 0.007 jJ.gat P04-P jJ.gat N;.! d- 1) , 

Harrison el al. (1983) in the middle Atlant ic bight 
(0.05-0. 119 jJ.gat NH,,-N j.1gat N;.! do l) and Jawed 
(1973) off the Columb ia rive r (0.057-0.064 jJ.gat NH4-

N jJ.gat N;.! d- L). These metabolic rates per dry 
weight have been converted to rates per jJ.gal 
NI.OO considering 1 mg dry weighl to be equ ivalent to 
7 j.1gat NIOO (Margalef, Vives, 1967). 
The devialions of the 0: N, 0: rand N : P atomic 
ratios from the theoretical ones (Rcdfield el al., 1963) 
arc si milar to those obtaincd by other authors. These 
differences can have an experimental origin , related 
for example to the durat ion of the incubation and 
concentrai ion of organisms in the experimental flasks. 
Le Borgne (1979) reported changes in tota l N and 
SRP excretion rates during 24 h of incubation, whi le 
respiration and NJ-L-N excrelion rates were constant , 
and Niv'll el al. (1974) observed temporal differences 
in the va riability of excrelion rates according to the 
concent ration of organisms in the nasks. Other 
sources of variability can be the feedi ng condition of 
the o rganisms (slarvation, proportion of herbivores 
and carnivores, etc., Ikeda , 1977). The high 0: N and 
low N: P values found during the PEP-83 cru ise 
(NH4-N and SRP) suggest a predominance o f fat and 
ca rbohydrate-oriented metabolism (Le Borgne , 
1979 ; Skjoldal el al., 1984) which is typical of a 
predominance of he rbivores in the looplankton (Ike­
da , 1977). 



M ALCARAZ 

Zooplankton mClabolism and primary production 

According to the zooplanktoll respirai ion and primary 
produClion rates measured during our cruise. 20 to 
23 Çf of the carbon assimihllcd by phYlOplankton is 
required for the routine mewbolism of zooplankton. 
When considcring some of the rcponed values of the 
respiration: ingestion ratio (0.5. Conover. 1956: 
0.23. Manin. 1968). it can be concJuded thm the 
percemage of the primary production con~umed by 
zooplanklOn during the PEp·83 cmise shou ld be 
importan!. 

Thc estimated contribu tion of the nutriems excretcd 
b)' the mesol.ooplanklOn 10 primary production during 
our croise corresponded to mctabolic rates measurcd 
at 15 C. If data were corrccted for the obse rved O· 
90 m depth mean temperalUre (16.4 oC). taking 
QIO == 1.9 (Ikeda. 1985), the contribution to primar)' 
production would be 16.8 % for NHJ·N and 76.6 % 
for POJ· P. These results seem 10 be low in comparison 
wilh data from other oligotrophic areas. In the North 
Pacifie centra l gyre, the nulrients released by zoo· 
plankton (mesoplanklon) cou ld <lccount for 40 to 
50 % of Ihe nitrogen and 110 10 140 % of the 
phosphorus required by phYloplankton (Eppley el al.. 
1973). and in the Sargasso Sea the remineralization 
rate of lImmonia by zooplank lon was suffieicnt 10 

suppon 100 'W- of the estimated primar)' production 
(Verity. 1985). 

Whcn the upward transport o f nutrients has bccn 
redueed by thermal stratification . the flu x of nu trients 
through the nutridint can supply 50 % of the nulrients 
required in the DCM (Fasham et al.. 1985). while 
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above the DCM. primary product ion can be almosl 
emire ly suppon ed by zooplankton excre tion (Eppley. 
Peterson. 1979). l n the Westcrn Medilcrranean. the 
proportion of regenc rated production in surface l11yers 
shou[d be highcr than the figures oblained for 
mesozooplankton NHl·N and SRP excrelion. 
Additional sources of nu tricnts could be organic 
compounds (urea and aminoacids). which can :ICCOUot 
for 16 to 78?( of the excreted N (Mayzaud. 11)73; Le 
Borgne. [973; Smith. 1978 (j : b) and thc contribu tion 
of microLooplanklOn excre tion (Glibert. 1982). 

The day·night changes in the vertical distribution of 
zooplankton biomass due to nyctemeral migra lion b 
anolher factor whieh ha~ important consequcnces 
regarding primary production in surface layers. The 
a"crage cont ribution of regc nerated nutrients 10 Ihc 
phytoplankton requirements abovc Ihc DCM during 
our crubc (23.8 % of the N :Ind 86.2 % o f the P al 

18.8 oc. the mean (}..50 m dc pth tcmpcraturc). in­
erca~ed 1.5 li mes during thc night due 10 the higher 
zooplankton biomass. th us contributing to the cn­
hancemcnt o f thc primary production and p:mially 
coullteracting the downward transport of nutricnts 
twpped within sedimcnting phYlOplankton cells and 
pllrtid es. 
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