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A. INTRODUCTION 
/ 

The availability of nutrients and light are the 

dominant controlling factors of the levels of primary 
1 

production in the ocean. In the lower latitudes where 

most coastal upwelling areas are located, the amount of 

light is seldom .below_ the critical level to inhibit pro- 

ductivity so nutrients are often the limiting factor in 

phytoplankton growth (KOBLENTZ-MISHKE, et al., 1970). 

Nutrients utilized in primary productivity are derived 

from two sources in upwelling areas. Nutrients are 

introduced to the euphotic zone from depth by the physical 

processes that create upwelling and nutrients are recycled 

by biological organisms that inhabit the area. Nitrate 

introduced into the euphotic zone by upwelling supports 

"new productivity" while ammonium and other excretory 

products regenerated by'zooplankton and nekton supports 

"regenerated productivity" (DU.GDALE and GOERING, 1967). 

Intuitively one would think that the process of 

. upwelling would provide the major amount of nutrients 

used in production~processes and regeneration would con- 

tribute only a small amount. However, estimates of , 

regenerated and new production using 1 5 ~  isotope tech- 

niques have shown that recycled ammonium may fulfill nearly, . 

half of the daily nitrogen requirement of phytoplankton 

and ,upwelled nitrate may provide the other half (DUGDALE 
! 

and GOERING, 1970; WHITLEDGE, 1972). Ammonium is a . . I 



preferential source of nitrogen to fulfill phytoplankton 

nitrogen requirements (CONWAY, 1973) so in oceanic areas 

where relatively high concentrations of ammonium occur 

the regenerated productivity is nearly equal to new pro- 

ductivity. The process of upwelling with the high 

vertical advection provides an efficient mechanism to 

maintain a regenerated nitrogen pool in the euphotic zone 

even if the organisms excrete the ammonium at depths deeper 

than those at which phytoplankton growth occurs. The 

upwelling process itself returns this ammonium to the 

productive euphotic region. 

Regeneration studies on zooplankt-on and nekton have 

been carried out in the upwelling areas of Northwest 

Africa on the JOINT-I cruise and Peru on the PISCO 

cruise. The two areas contain nekton populations that can 

potentially graze on phytoplankton., The Peru upwelling . 

ecosystem is inhabited by the anchoveta,,Engraulis ringens 

JENYN~, the dominant nekton component. CUSHING (1971) 

estimated that the anchoveta population is 10 times that of 

all other species in all seasons. The estimated stocks of 

anchoveta during the middle 1960's were in the range of 

20 million metric tons. This large biomass of fish there- 

fore is likely to exert a large influencethrough grazing 

and excretion. The Northwest Africa upwelling area fish 

are composed of -several demersal and pelagic species. 

The amount of fish stocks off Northwest Africa is uncertain 



but a rough estimate based on catch data (GULLAND, 1970) 

suggest that they are about an order of magnitude smaller 

than Peru stocks. 

B. METHODS 

For excretion experiments off Northwest Africa, 

specimens Diplodus senegalensis CADENAT I I? agellus 

couperi DIEUZEIDE, Cantharus cantharus LINNAEUS, and 

Pomadasys incisus BOWDICH were captured by a bottom 

trawl. The animals were allowed to acclimate for several 

hours in a holding tank supplied with surface seawater. 

Healthy' specimens were then transferred to an .experimental 

tank that had previously been cleaned, rinsed with ethyl 

alcohol, flushed and filled with seawater. ~dditional' 
5 .  

 experiment^ were carried out on animals that had been 

starved for one and two days. Samples for nutrients, 

dissolved organic nitrogen and urea were collected every 

ten minutes for as long as three hours. Zooplankton for 

the JOINT-I experiments were collected with vertical net 

tows of a 1 0 2 ~  mesh net and were later fractionated into 

four size classes. 

2 The Peruvian anghoveta were captured in a 9 m dip 

net attached to the ship's crane. The specimens were 

kept in a holding tank for two hours before they were 

used in experiments. Individual fish were piaced in one 

liter plastic tubes and incubated. in tanks with circulating 

surface seawater. The excretion data was calculated from 



t h e  change concen t ra t ion  of ammonium i n  t h e  p l a s t i c  

t u b e s .  

The zooplankton biomass was es t ima ted  dur ing  PISCO 

c r u i s e  us ing  100 m v e r t i c a l  n e t  tows wi th  240 p mesh 

n e t t i n g  (WALSH, e t  a l . ;  1971) .  

The l a b o r a t o r y .  s t u d i e s  on Engrau l i s  mordax GIPARD 

were conducted i n  a 32 l i t e r  c i r c u l a r  chamber s i m i l a r  t o  

t h a t  desc r ibed  by LASRER (1970).  The specimens i n  t h e s e  

cxperirii&nts had been i n  c a p t i v i t y  f o r  a t  l e a s t  two weeks, 

N u t r i e n t  samples w e r e  c o l l e c t e d  from t h e  chamber when t h e  

f i s h  w e r e  in t roduced and every 10 minutes t h e r e a f t e r  f o r  

70 minutes,  The experiments were s topped b e f o r e  t h e  I 

oxygen c o n c e n t r a t i o n  went below 50 p e r  c e n t  s a t u r a t i o n .  

C . NORTIIWEST AFRICA 

The biomass of p e l a g i c  f i s h  s t o c k s  i n  t h e  Northwest . 

A f r i c a  upwell ing reg ion  es t ima ted  us ing  a c o u s t i c  and 

t r a w l  methods was 60  g wet w t  m2, about  20 p e r c e n t  o f  

t h e  anchoveta biomass o f f  Peru.  THORNE, e t  a l . ,  ( i n  p r e s s )  

s u g g e s t ' . t h a t  Sard ina  pi lcf iardus WALB c o n t r i b u t e s  most of  

t h e  biomass (50 g wet weight m-2) over  t h e  mid-shelf a r e a  

and l a r g e  concen t ra t ions  Trachurus (80 g w e t  weight  m-') 

were l o c a t e d  a t  t h e  s h e l f  break and upper c o n t i n e n t a l  s lope .  

The demersal f i s h  s t o c k s  were dominated by t h e  family Spar idae  

inshore ,  and a t  midshelf  a mixture o f  Spar idae ,  Sc iaenidae ,  

Congridae and Pomadasidae f a m i l i e s  were found having a mean 

biomass of 2.2 g wet weight m-2 (HAEDRICH, e t  a l . ,  1974) . 



Biomasses f o r  cephalopods and shrimp (Ples ionika  spp . ) were 

-2 
a l s o  found t o  be 0.9 and 1.4 g w e t  weight m r e spec t ive ly .  

The Northwest African f i s h  n u t r i e n t  excre t ion  r a t e s  

were approximately l i n e a r  wi th  time. The.ammonium excre- 

t i o n  of f r e s h l y  caught Diplodus senegalensis  CADENAT 

-1 
ranged from 1.03 t o  1 . 4 4  pg N mg dry w t  day-'. Specimens 

s ta rved  one day had a mean excre t ion  r a t e  of 0.90 and those  

s ta rved  2 days had a.mean r a t e  of 0 . 6 4  pg N mg dry w t  
-I. 

daym1. The h ighes t  ammonium excre t ion  r a t e ,  4.6 pg N mg 

dry w t - l  day-', was observed f o r  Sa rd ine l l a  (WHITLEDGE, 1972) . I 

The urea excre t ion  r a t e s  appeared s imi l a r  i n  the well-fed 

and s ta rved  specimens. Excret ion r a t e s  w e r e  measured on 

some organisms o the r  than f i s h  t h a t  w e r e  captured i n  the 

t r awl  ne t s .  The ammonia excre t ion  of cephalopods, determined 

i n  a  manner s i m i l a r  t o  t he  f i s h  excre t ion  experiments o f f  

-1 -1 
Northwest Afr ica ,  had a mean r a t e  of 0.7 pg N mg dry w t  day ,  

The excre t ion  r a t e s  of shrimp was no t  measured b u t  t h e  

r a t e  w a s  estimated'  t o  be about 2 pg N mg dry wt1da?lbas&d on 

-1 -1 
published excre t ion  r a t e s  of 2 pg N.mg dry  w t  day of 

Euphausia paci f  i c a  HANSEN (JAWED, 1969) and a 2.9' . pg t ,N mg 
-1 -1 

dry weight day excre t ion  r a t e  of t h e  red c rab  (Pleuroncodes 

p lan ipes  STIMESON) (WALSH, e t  , a l .  , i n  press.) . 
Using the  geographic d i s t r i b u t i o n  of t h e  f i s h  biomass, 

I 

(THORNE, e t  a l . ,  i n  p re s s ;  HAEDRICH, e t  a l . ,  1 9 7 4 )  and 
I 

excre t ion  measurements f o r  pe lag ic  and demersal specimens, 
I 

t h e  regenerat ion of ammonium by Northwest Afr ica  f i s h  was 



ca lcu la ted  f o r  t h e  she l f  area  ( <  200 m) t o  be 3.O'mg-at 

(Table and 
-2 

1.8  mg-at m day-' (Table 2 )  

I .  f o r  t h e  o f f  shore area  (> 200 m) . 
I 

The zooplankton biomass over t h e  she l f  i n  Northwest I 

Africa  was found t o  be a mean value of 2,. 7 g dry w t  m-2, 

and 1 0 . 4  g dry w t  m-2 f o r  t h e  of f shore  a rea ,  This S i s t r i -  

but ion of zooplankton dry weight biomass i s  d i f f e r e n t  from 

wet weight biomass values (BLACKBURN, 1975) and may be due 

t o  w e t  weight t o  dry weight d i f f e rences  r e s u l t i n g  from 

changes i n  t h e  taxonomic composition. Nut r ien t  excre t ion  

s t u d i e s  on t h e  zooplankton captured i n  t he  102 p mesh n e t s  

w e r e  combined wi th  biomass da t a  t o  es t imate  zooplankton 

regenerat ion over t he  shelf  and t h e  of f shore  a reas .  The 

inshore  region over t h e  she l f  was ca l cu la t ed  t o  have a mean 

of 5.1 mg-at m-2 day-' of ammonium regenera ted  by zooplankton 

while the offshore  a r e a . h a d  regenerat ion of 5.4 mg-at m 
-2 

day-' (SMITH and WHITLEDGE, i n  p r e s s ) .  Of t h e  t o t a l  esti- 

mated ammonium regenera t ion 'over  t h e  s h e l f ,  zooplankton .. 

accounted f o r  63 p e r  cen t  of t h e  recycled ni t rogen and . 

nekton contr ibuted t h e  remaining 37 per  cen t .  

Phytoplankton uptake of n i t r a t e  and ammonium i n  t h e  

she l f  region,  as measured by "N-labeled s u b s t r a t e s  by 

DUGDALE and MACISAAC (personal  communication) , was esti- 

mated t o  be 1 0  and 11 mg-at mw2 day-'. The r e l e a s e  of  8 -1 

-2 
mg-at NH4-N m day-' i n  t he  she l f  a r ea  by p e l a g i c  animals 

produces 73 per  cen t  of t h e  measured ammonium ni t rogen uptake 

and 3 8  per  cen t  of t h e  combined nitrate-ammonium n i t rogen  



uptake. Other sources  such a s  benthos (ROWE, e t  a l . ,  i n  

p r e s s )  and b a c t e r i a  which a r e  n o t  included i n  t h i s  e s t i m a t e ,  

apparen t ly  supply t h e  remaining 27 per  c e n t  of t h e  measured 

phytoplankton ammonium requirement.  

The s i z e  of an i nd iv idua l  zooplankter  inc reased  o f f sho re  

of t h e  s h e l f  a s  d id  t h e  t o t a l  zooplankton biomass. Zooplank- 

t on  con t r i bu t ed  75 pe r  c en t  of t h e  t o t a l  ammonium regenera ted  

over  t h e  s l ope  and t h e  f i s h  con t r i bu t ed  t h e  remaining 25 

pe r  c e n t .  Uptake of n i t r a t e  and ammonium by phytoplankton 

i n  t h e  o f f sho re  reg ion  was 19 and 11 mg-at m-2 day-' 

(DUGDALE and MACISAAC, pe r sona l  communication), Offshore 

t h e  ammonium i n p u t  can account  f o r  65 p e r  c e n t  of t h e  mea- 

su red  ammonium uptake and 24 pe r  c e n t  of t h e  combined 

nitrate-ammonium n i t r ogen  uptake.  The d i f f e r e n c e  between 

phytoplankton uptake of ammonium and t h e  apparen t  ammonium 

product ion  by zooplankton and f i s h  probably cannot  be con- 

t r i b u t e d  by t h e  benthos o r  b a c t e r i a  because t h e  water  i s  

much deeper  over  t h e  s l ope  and t h e  eupho t ic  zone i s  r e l a -  

t i v e l y  i s o l a t e d  from t h e  bottom compared t o  t h e  s h e l f  region.  

Other zooplankton spec i e s  no t  adequately sampled w i th  t h e  

102 p n e t s  (euphausids, e t c  .) could produce t h e  d i f f e r e n c e  

i n  t h e  o f f sho re  a r e a  s i n c e  they  have been r epo r t ed  i n  abun- 

dance i n  t h e  a r e a  (CASANOVA, 1974) . 

D. PERU - 

The exc re t i on  and regenera t ion  s t u d i e s  performed on 

PISCO c r u i s e  concen t ra ted  on t h e  Peruvian anchoveta,  

Engrau l i s  r ingens  J E N Y N S .  ' T h e  mean ammonium e x c r e t i o n  r a t e  



-1 -1 
f o r  - E. r ingens was 1 . 7  ug NH4-N mg dry w t  day . 
A s i m i l a r  value was obtained f o r  t h e  ammonium excre t ion  

of E .  - mordax GIRARD i n  l abora tory  s t u d i e s .  The mean 

Peruvian anchoveta specimen dry weight was 1.7 g and con- 

t a ined  11.0 per  cen t  of dry weight as n i t rogen  (MCCARTHY 

and WHITLEDGE, 1972). The mean per  c e n t  body n i t rogen  

excre ted per  day was 9.1.. 

To a s se s s  t he  s ign i f i cance  of regenera t ion  and upwel- 

l i n g  a s  sources of n u t r i e n t s  f o r  primary production i n  t h e  

Peru upwelling a rea  t h e  quan t i t y  o f . r e g e n e r a t e d  n u t r i e n t s  

was calcula te ,d  f o r  comparison wi th  n u t r i e n t  demands. The 

regenerat ion es t imate  of anchoveta i n  t h e  Peru'upwe1:ling 

region was made by combining f i s h e r y  c a t c h  s t a t i s t i c s  wi th  

n u t r i e n t  exc re t ion  measurements c o l l e c t e d  on t h e  PISCO 

cruise. U ~ i n g  an area of 82,317 km2 (WOOSTER and REID, 1963) 

and a depth of 40 m f o r  t h e  normal depth of an anchoveta 

school  (JORDAN, 1971) ,  t he  volume of t h e  upwelling region can 

be computed as 3.3 x 1 0 1 2  m3. Anchoveta biomass es t imates  

f o r  t h e  Peru region a r e  a l l  near  20 x l o 6  m e t r i c  tons  

(GULLAND, 1968; RYTHER, 1 9 6 9 ;  CUSHING, 1971) bu t  normal 

l o s s e s  by f i s h i n g  and b i r d  predat ion would decrease t h e  ancho- 

6 
ve t a  biomass t o  about 1 2  x 1 0  m e t r i c  tons  i n  March 1969 when 

PISCO d a t a  w e r e  co l lec ted .  Using these  f i g u r e s  and assuming 

t h e  f i s h  a r e  evenly d i s t r i b u t e d  over t h e  e .n t i re  upwelling 

a r ea  i n  a  4 0  m l a y e r  t h e r e  would be  3.6 g w e t  w t  of ancho- 

ve t2  m-3 a t  t h e  end of March. This biomass is about 5 t i m e s  

t h e  est imated pe lag ic  biomass o f f  Northwest Afr ica .  Using a 

\ 

- , 8  - 



f a c t o r  of 0.255 f o r  w e t  weight t o  d ry  weight convers ion  

(WHITLEDGE, 1972) t h e r e  a r e  0 .9  g d ry  weight f i s h  m-'l; equi- 

- 3  
v a l e n t  t o  0.5 f i s h  m . The ammonium e x c r e t i o n  r a t e  of  

1.7 ug N mg dry  w t - I  day-' corresponds t o  a r egene ra t i on  

-2 
r a t e  of 4.5 mg-at N H ~ - N  m day-' i n  t h e  40 m l a y e r  o r  

-2 
1.9 mg-at m day-' i n  t h e  eupho t ic  zone of approximately 

17' m depth.  

The.mean zooplankton biomasses measured w e r e  39.1 mg 

dry  weight  m-3 f o r  day samples and 46.1 mg m-3 f o r  n i g h t  

samples (WALSH, e t  a l . ,  1971) .  These va lue s  are similar t o  

t h e  mean zooplankton biomass f o r  Northwest Af r i c a ,  Zoo- 

p lankton ammonium exc re t i on  measurements of 10.4 ug N mg 

dry  w t - I  day-' c o l l e c t e d  on Calanus c h i l e n s i s  RODSKY o n  

PIQUERO c r u i s e  t o  Peru (MCCARTHY, 1971) w e r e  used i n  regen- 

e r a t i o n  estimates f o r  zooplankton. A t  l e a s t  50 p e r  c e n t  

of t h e  biomass of zooplankton c o l l e c t e d  i n  a l l  n e t  tows 

us ing  100 p mesh was l a r g e r  t h a t  505 p (UNIVERSITY OF 

CALIFORNIA, 1971) .  The c a l c u l a t e d  ammonium r egene ra t i on  

r a t e  of zooplankton us ing  t h e  mean and maximum biomasses 

w e r e  3 .1 and 12.1  mg-at N m-2 day-' r e s p e c t i v e l y  i n  t h e  

upper 100 m and 0.5 and 2.0 mg-at m-* day-' i n  t h e  upper 

17 m. The mean biomass over  t h e  e n t i r e  100 m wate r  column 

was used i n  t h e  budget t a b l e  because a l l  t h e  regenera ted  

ammonium would even tua l l y  (less t h an  10 days)  e n t e r  the 

euphot ic  zone a s  a r e s u l t  of v e r t i c a l  advect ion .  

Zooplankton biomass samples w e r e  n o t  c o l l e c t e d  i n  

d i s c r e t e  depth i n t e r v a l s  on t h e  PISCO c r u i s e  s o  previous  



estimates of zooplankton regeneration in Peru (WALSH, 

1975: WHITLEDGE, 1972) were calculated on a per unit 

volume basis. This procedure assumes a homogeneous distri- 

bution of zooplankton and certainly underestimates the 

ammonium production by zooplankton in the euphotic zone. 

Nitrogen uptake by phytoplankton was estimated using 

rates of uptake of 151-labeled ammonium and nitrate 

(UNIVERSITY OF WASHINGTON, 1970). The mean ammonium uptake 

measurements from 24 samples collected throughout the study 

I 

area fromthe surface to the 1 per cent incident light level 

-2 
was 6.5 mg-at NH4-N m day-'. The mean measured nitrate 

uptake on stations where ammonium was measured.was 13.9 

-2 
mg-at NO3-N m dayW1. 

The requirements of primary productivity and inputs 

from regeneration of inorganic nitrogen compounds are 

summarized in Table 3. Regeneration by zooplankton and 

nekton supply 
-2 

7.6 mg-at m day-' which is 117 per cent 

of the 6.5 mg-at m-2 day-' required by phytoplankton. 

The anchoveta and zooplankton in the Peru upwelling 

ecosystem contribute 59 and 41 per cent respectively for 

a total of 117 percent of the phytoplankton ammonium 

requirements, while the nekton and zooplankton off Northwest 

Africa produced about 27 and 46 per cent for a total of 73 

per cent of the ammonium required. The much higher nekton 

biomass and similar zooplankton biomass in the ~ e i u  ecosystem 

compared to the Northwest Africa upwelling ecosystem makes 

. the anchoveta an important'component in the Peru upwelling 



ecosystem (WBITLEDGE and PACKARD, 1971) .  Comparing 

ecosystems, t h e  r e l a t i v e  amount of primary product ion,  

s.upported by ammonium exc re t i on  of . t he  anchoveta i s  more 

than two t i m e s  t h e  amount supported by Northwest Afr ican  

f i s h .  The ammonium i n p u t  by zooplankton and nekton o f f  

Peru ,produce 37 per  c e n t  of t h e  combined n i t r a t e - a k o n i u m  

uptake by phytoplankton. 

E. DISCUSSION 

The l a r g e  con t r i bu t i on  of  n u t r i e n t s  t o  primary pro- 

d u c t i v i t y  i n  t h e  Peru upwelling system by t h e  anchoveta 

impl ies  t h a t  t h e  anchoveta must consume a l a r g e  po r t i on  of 

t h e  primary product ion t o  mainta in  r a p i d  growth and excre-  

t i o n  r a t e s .  I f  growth and exc re t i on  a r e  assumed t o  be t h e  

two main pathways of a s s imi l a t ed  n i t r ogen  and the  other 

miscel laneous l o s s e s  a r e  smal l ,  it i s  p o s s i b l e  t o  e s t ima te  

i n g e s t i o n  (Fig. 1) a s  (Growth & Excret ion)  / (Ass imi la t ion  

E f f i c i e n c y ) .  The anchoveta spawn dur ing  t h e  a u s t r a l  w in t e r  

i n  t h e  months June through September and t h e  young f i s h  

e n t e r  t h e  f i s h e r y  a t  about  s i x  months of age (PAULIK, 1970).  

The average i nc r ea se  i n  f i s h  biomass i s  c a l c u l a t e d  t o  be 

about  1.0 g w e t  w t  m-3 month-'. Converting t o  a d a i l y  

b a s i s  t h e  anchoveta n i t rogen  biomass i nc r ea se s  0.06 pg-at 

1-l- day-'. This  6 month r a t e  was assumed t o  approximate a 

l i n e a r  i nc r ea se  based on von Be r t a l an f fy  growth curves  f o r  

t h e  'anchoveta (SCHAEFER, 1967) and monthly growth curves f o r  

t h e  P a c i f i c  s a rd ine  ( ~ a r d i n o p s  cae ru l ea  GIRARD) (LASKER, 1970).  



Table 4 p r e s e n t s  t h e  c a l c u l a t e d  d a i l y . n i t r o g e n  i n g e s t i o n  and , 

per  c e n t  primary product ion  grazed us ing  an 83 p e r  c e n t  assimi-  

l a t i o n  e f f i c i e n c y  found f o r  t h e  P a c i f i c  s a r d i n e  (LASKER, 1970) .  

Other i n g e s t i o n  e s t i m a t e s  w e r e  c a l c u l a t e d  u s i n g  growth 

rates of t h e  P a c i f i c  s a r d i n e  (Sardinops c a e r u l e a  GIRARD) 

(LASKER, 1970) and Panama anchoveta (Ce tengrau l i s  mys t i ce tus  

G ~ I J T H E R )  (SVAYDA, 1966) . A f o u r t h  i n g e s t i o n  estimate f o r  

t h e  anchoveta w a s  d e r i v e d  from an i n g e s t i o n  e s t i m a t e  o f  t h e  

Japanese anchovy (Engrau l i s  japonicus TEMMINCK e t  SCHLEGEL) 

(LEONG and O'CONNELL, 1969; TAKAHASHI and HATANAKA, 1960).  

The f o u r  i n g e s t i o n  e s t i m a t e s  ranged from 0.88 t o  1.01 vg-st  

N 1-I day-'. These g raz ing  r a t e s  r e p r e s e n t  54 ' t o  6 1  p e r  

c e n t  of n i t r o g e n  product ion .  The phytoplankton n i t r o g e n  

' ea ten  p e r  u n i t  of  anchoveta body n i t r o g e n  each  day w a s  8.2 

t o  9 . 2  p e r  c e n t .  

The i n g e s t i o n  c a l c u l a t i o n s  are very s e n s i t i v e  t o  t h e  

volume of t h e  upwell ing a r e a .  The biomass, growth, assimi- 

l a t i o n  e f f i c i e n c y  and e x c r e t i o n  r a t e s  are comparable t o  

p rev ious ly  r e p o r t e d  o r  commonly accepted  va lues .  However, 

e s t i m a t e s  of t h e  a r e a l  e x t e n t  of t h e  Peru upwell ing r e g i o n  

range  from 6 x l o 4  t o  5 x l o 5  km2. The t h r e e  estimates of  
, 

RHYTHER (1969), WOOSTER and REID (19'63), and JORDAN (1971) 

2  
are a l l  i n  t h e  range of 6  t o  9  x l o 4  km b u t  t h e  area given 

by CUSHING (1971) i s  more than  f i v e  t i m e s  t h e  o t h e r s .  

JORDAN kg711 p l a c e s  t h e  anchoveta mainly w i t h i n  90 km of  

2  
t h e  c o a s t  w i t h  a  t o t a l  upwell ing area of 8.6 x l o 4  km . 



The l a r g e r  a r e a  es t ima ted  by CUSHING (1971) would i nc r ea se  

t h e  upwelling volume and decrease  t h e  anchoveta biomass m-2 

s o  t h a t  t h e  i n g e s t i o n  r a t e  o f ' t h e  anchoveta pe r  u n i t  volume 

would be lowered t o  about  10 per  c e n t  of t h e  d a i l y  phyto- 

p l a nk ton .n i t r oge n  product ion.  This  would a l low zooplankton 

t o  be inc luded a s  an in te rmedia te  s t e p  i n  t h e  food web 

provided t h a t  phytoplankton p r o d u c t i v i t y  remained a s  h igh  

throughout CUSHING's l a r g e  a r e a  a s  w a s  measured i n  t h e  near- 

shore  reg ion  on the . ,  PISCO c r u i s e .  Zooplankton product ion 

e s t i m a t e s  were no t  made on t h e  PISCO c r u i s e  b u t  zooplankton 

biomass from s e t t l i n g  volumes i n d i c a t e s  t h a t  t h e  anchovets  

could l i v e  only one day on zooplankton as i t s  only source  

of nourishment, It i s  un l i ke ly  t h a t  the genera t ion  t i m e  of 

zooplankton would be s h o r t  enough t o  supply a l l  t h e  food 

necessary  f o r  t h e  anchoveta,  

From t h i s  a n a l y s i s  of i n g e s t i o n  it s e e m s  p o s s i b l e  t h a t  

anchoveta could swi tch  from a phytoplankton t o  a zooplankton 

d i e t  a s  seasona l  changes i n  t h e  upwelling occur ,  This  

corresponds t o  t h e  more r e c e n t l y  a v a i l a b l e  l i t e r a t u r e  on 

anchoveta feed ing  (ROJAS D e  MENDIOLA, 19 71 ; ROJAS D e  MEXDICLA 

and OCHOA, 1973) which can be  i n t e r p r e t e d  t h a t  t h e  anchoveta 

i s  r e a l l y  an omnivore i n  c o n t r a s t  t o  previous  r e p o r t s  which 

showed t h e  anchoveta was probably a he rb ivore  (ROJAS D e  
. . . .  . . . 

MEMDIOLA, 1958) .  The d a t a  c o l l e c t e d  du r ing  the f i r s t  p a r t  

of t h e  PISCO c r u i s e  shows t h e  h igh  n u t r i e n t . a n d  ch lo rophy l l  

concen t ra t ions  confined t o  w i th in  60 k m  of  t h e  c o a s t l i n e .  

Offshore of t h a t  p o i n t  low open ocean concen t r a t i ons  of 



nutrients and chlorophyll were present. This small region 

of productive waters would at that time compare favorably 

with the volume of the upwelling area used by RYTHER (1969) 

and would concentrate the anchoveta biomass in the productive 

nearshore region. With the anchoveta biomass in a small area 

more 'than 50 per cent of the phytoplankton productivity would 

be needed to satisfy their food requirements so the Peru up- 

welling ecosystem is probably a two-step food chain during 

this time. 

During the last part of April on the PISCO cruise high I 

nutrient and chlorophyll concentrations were measured off- , 

shore to at least 100 km on the R/V T. G. THOMPSON and 110 

km on the R/V GOSNOLD and later in the year high chlorophyll 

concentrations as f.ar as 260 km offshore have been,observed 

(GUILLEN and. IZAGUIRRE ISe RONDAN, 1973). During the austral 

fall or winter the upwelling ecosystem apparently may be 

as large as CUSHING (1971) suggested and there might be 

enough food to support the phytoplankton-zooplankton- 

anchoveta food chain. The offshore enlargement of the. high 

nutrient and high productivity areas that are associated . 

with seasonal changes in the upwelling system conform with 

. , 
the model of WALSH (1975) so it appears that both grazing 

calculations using excretion data and an ecosystem model 

predict that the Peruvian anchoveta can 

plankton and phytoplankton. 

The similarities regeneration 

consume both 

processes 

zoo- 

the 

Peru and Northwest African upwelling regions are apparent 



i n  t h e  d a t a  showing a s u b s t a n t i a l  percentage  of  primary 

product ion  i s  der ived  from regenera ted  n i t r o g e n  even though 

r e l a t i v e l y  l a r g e  amounts of n i t r a t e  a r e  in t roduced i n  t h e  

eupho t i c  zone by upwelling. The d i f f e r e n c e s  however r evo lve  

around t h e  organisms r e s p o n s i b l e  f o r  r e c y c l i n g  t h e  l a r g e s t  

percentage  of n i t r o g e n  i n  each system. I n  Peru the anchoveta  

produces t h e  l a r g e s t  amounts of ammonium whi le  zooplankton and 

micronekton i n  Northwest A f r i c a  appear  t o  f u l f i l l  t h a t  r o l e .  

Th i s  s h i f t  i n  dominance i n  r egenera t ion  of n u t r i e n t s  from 

f i s h  t o  zooplankton popu la t ions  when going from a low 

l a t i t u d e  t o  a h igher  l a t i t u d e  upwell ing a r e a  may b e  ano thz r  

i n d i c a t o r  t h a t  nekton a r e  replaced  by zooplankton as 

phytophagous organisms i n  t h e  more v a r i a b l e  environments as 

suggested from o t h e r  ana lyses  (WALSH, 1976) . 
This  r e s e a r c h  w a s  supported by Grant GX 33502 of  

the '  Na t iona l  Sc ience  Foundation as p a r t  of I n t e r n a t i o n a l  

Decade of Ocean Exp lo ra t ion  Coas ta l  Upwelling Ecosystem 

Analys is  (CUEA) program. P r e p a r a t i o n  of t h e  manuscr ip t  w a s  

a l s o  p a r t i a l l y  supported by t h e  United S t a t e s  Energy ~ e s e a r c h  

and Development Adminis t ra t ion .  I would l i k e  t o  acknowledge 
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F I G U R E  LEGEND 

Fig. 1 Simplified pathway of ingested nitrogen 
through zooplankton or nekton 
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TABLE 1 

Ammonium and Nitra te  Budget for Northwest  

-2 
A f r i c a  S h e l f  ( <  200 m )  , mg-at m day-' 

E x c r e t o r v  I n ~ u t  

P e l a g i c  F i s h  2.9 

Demersal F i s h  & Cephalopods 0.06 

Shrimp 0.03 

Zooplankton 

T o t a l  

Mean Zooplankton 5 . 1  - 

TOTAL AMMONIUM INPUT 8.1  

Phytoplankton  Uptake 

Ammonium 

Ni t ra t e  

11. 

10.  

TOTAL UPTAKE 



TABLE 2 

Ammonium and Nitrate Budget for Northwest 
-2 

Africa Slope ( > 200 m) , mg-at rn day-' 

Excretory Input 

Pelagic Fish 

Demersal Fish % 0 

Total 1.8 

Mean. Zooplankton 

Phytoplankton Uptake 

Ammonium 

Nitrate 

TOTAL UPTAKE 



TABLE 3 

Ni t rogen  budget  i n  t h e  e u p h o t i c  zone 
o f  t h e  Peru  upwe l l i ng  r e g i o n ,  

mg-at m-2 daye l  

E x c r e t o r y  I n p u t  

Anchoveta 4.5 

Zooplankton 3 .1  

TOTAL AMMONIUM INPUT 7.6 

upwel led n i t r a t e  - 23  -8 

TOTAL INPUT 31.4 

Phytoplankton  Uptake 

Ammonium 

N i t r a t e  

6.5 

13.9 TOTAL UPTAKE 20.4 - 



L - .  

TABLE 4 Dai ly anchoveta growth, i n g e s t i o n ,  and phytoplankton 
, graz ing ,  l o s s e s  p e r  u n i t  volume of  water  i n  t h e  

Peru upwelling region .  
Es t imates  a r e  based on d a t a  from LASKER (1970) ,  

, 
TAKAHASHI AND HATANAKA (1960) ,  AXD SlYAYDA (1966).  

Peru P a c i f i c  Japanese Panama 
anchoveta s a r d i n e  anchovy anchoveta . 

growth growth i n g e s t i o n  growth 
es t ima tea  e s t i m a t e  e s t i m a t e c  e s t i m a t e  

. . 

. , 

Anchoveta biomass 
pg-at n i t r o g e n  1-I 10.8 

Daily anchoveta 
n i tkogen growth 
pg-at 1-I dayw1 

Dai ly  anchoveta t o t a l  
n i t r o g e n  e x c r e t i o n  
pg-at 1-1 day-l .  0.67 

Daily anchoveta 
nitrogen a s s i m i l a t i o n  

0.73 0.82 0.77 0.76 pg-at 1-1 day-l  

Dai ly anchoveta 
n i t r o g e n  i n g e s t i o n  
pg-at 1-1 day-1 0.88 1.01 

I 
Daily phytoplankton 

, n i t r o g e n  product ion  
pg-at 1-1 day-1 1.63 1 - 6 3  1.63 ' 1.63  

Per  c e n t  d a i l y  
phytoplankton 
n i t r o g e n  grazed 

Per  c e n t  anchoveta 
body N i n g e s t e d  
day'l 

Per  c e n t  anchoveta 
growth day-I 0.56 1.40 0.92 0.77 

Per  c e n t  growth ' . 
e f f i c i e n c y  
(growth/ inges t ion)  6.7 


