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N otes on the Peruvian coastal current. 1. A n introduction to the
ecology o f P isco B ay1 ^

M a r y  S e a r s

Summary— B iolog ica l calam ities o f  the Peruvian C oastal Current h a v e  lon g  been associated  with  
undue warm ing o f  the surface water. These high w ater tem peratures have m ost frequently been  
attributed to  an incursion o f  fresher water from  the north (“  E l N iñ o  ”). M ore recently they have  
also been ascribed to  th e  intrusion o f  w edges o f  saltier, warm  offshore w ater and  even to the  discharge 
from  loca l stream s. R e-exam ination o f  the w a rn in g  processes in  P isco  B ay indicates that solar 
radiation probably accounts for a  large proportion  o f  the high tem peratures observed there. Such  
warm ing can occur w henever upw elling, the only effective source o f  co o lin g , ceases for any appreciable 
period.

From  available evidence, there appears to  be an  annual tem perature range o f  about 7°C . Salinities  
o f  the current as a  w h ole  do n o t norm ally vary by as m uch as 2%0 whether the  w ater be derived  
from  upw elling, from  offshore or from  “ E l N iñ o .” T he ranges o f  these  characteristics are m uch  
m ore lim ited than in  so m e coastal waters and about the sam e as for others. T he actual temperature  
lim its are very nearly the  sam e as for the cycle in the M editerranean.

C onsequently, before th e  relationship betw een temperature and the  recurrent b iological disasters 
can  be understood, it  is  suggested that tw o peculiarities o f  the area shou ld  be studied in  detail :
(1) the process o f  upw elling w hich  provides nutrient salts for the grow th  o f  phytoplankton  and
(2) the effect, i f  any, o f  that fraction o f  the  birds’ excreta dropped in  th e  water on  the nutrient cycle  
and on  the character o f  th e  phytoplankton.

IN T R O D U C T IO N

T h e  economic im portance and abundance o f  the guano-producing birds have long 
focused attention on the peculiarly rich environm ent provided by the inshore waters 
o f the Peruvian C oastal Current. Despite this, rem arkably little is know n o f the 
seasonal or annual cycle o f  events which support such enorm ous populations there, 
because previous studies have been mostly incidental to  o ther work. Thus, there 
are a few widely-spaced oceanographic stations form ing p a rt o f  m ore extensive 
surveys elsewhere2 and surface observations from  vessels traversing the area.3 Time 
and facilities precluded detailed hydrographic and biological surveys from  m ost 
fisheries program m es.4

M ore spectacular and  m ore disturbing to the economy, however, are the recurrent 
periods when the w ater tem peratures rise suddenly and the birds die o f starvation 
by the thousands. Such events have m ost often been attributed  to the encroachm ent 
of warm water from  the north  (“ El N iño ” ). This is accom panied by torrential 
rains and northerly ra ther than  southerly winds in northern  Peru ( M u r p h y ,  1936; 
S c h o t t ,  1931; Z o r e l l ,  1928). In  the Pisco area, on the other hand, there is shift 
in the winds from  southeast to  southwest ( V o g t ,  1942). D uring such periods, the 
anchovies are likely to disappear and the guano birds then desert their nests in search

1 C ontribution N o . 671 o f  the W oods H o le  O ceanographic Institution.
2  A g a s s i z ,  1906; D iscovery  C om m ittee, 1949; F l e m i n g ,  e t a l., 1945; F u n d e r ,  1916; G u n t h e r ,  

1936, 1936a; S v e r d r u p ,  1930, 1931; Scripps Institution o f  O ceanography, 1952; W o o s t e r ,  1952.
3 C o k e r , 1918, D eu tsch en  Seewarte, 1930; M u r p h y ,  1923, 1925, 1926, 1936; S c h o t t ,  1931, 1932 

1952; S c h w e i g g e r ,  1942, 1942a, 1943, 1947, 1949, 1951, 1953; Z o r e l l ,  1928.
4 B i n i ,  1952; C o k e r ,  1 9 0 8 ,1908a, 1908b, 1908c; F i e d l e r ,  J a r v i s  and L o b e l l , 1943; L a n d a ,  1953- 

R o j a s ,  1953.
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of food. Some die of starvation and  others m ig ra te  to Chile. “  R ed water ” is also 
frequently reported as a consequence o f “ E l N iñ o .” This may cause an acrid stench 
(cf., B r o n g e r s m a - S a n d e r s ,  1948; W o o d c o c k ,  1948). Fish and large invertebrates 
subsequently die or are found in  a m oribund  condition on the beaches. These 
“  c ra s h ” periods have come to be expected a t  intervals of seven years (i.e., 1911, 
1918, 1925, 1932, 1939 and 1941): some (1891, 1925, 1953) have been m ore severe 
than  others. Various phases of these catastrophies have been described,5 bu t there 
are few published data, other than  surface tem peratures. In  m any instances, these 
do no t sufficiently identify the source o f a  g iven water mass.

D uring studies o f the guano-producing birds in Peru (V o g t , 1942), it was evident 
th a t the birds’ lives were so dependent on sea conditions, especially on the abundance 
o f anchovies, th a t a preliminary oceanographic and biological survey of Pisco Bay 
was m ade during the latter part o f 1941. Surface and subsurface tem peratures were 
observed at weekly intervals over an  area o f roughly  400  square miles (Fig. 1). W ater 
samples for salinity determ inations6 were obtained, if  possible, when occupying a 
station for the first time. These were the first subsurface observations in the littoral 
zone off the coast of Peru to be taken at close intervals in time and space and also 
under m ore or less “  norm al ” conditions.

On two occasions, tem perature and salinity  data, as well as plankton samples 
were collected to the north and offshore w est o f Chincha N orte  for a distance of 
about 125 miles for comparison with earlier observations (Footnote 3). Temperatures 
were also recorded and phytoplankton sam ples gathered each morning in the imme­
diate vicinity o f Chincha N orte. In  addition , anchovies were brought ou t to the 
island several days each week by local fishermen.

The survey in Pisco Bay was supplem ented by a similar one in the waters off 
Cabo Blanco in  January 1942.

S T A T E M E N T  O F  T H E  PRO BLEM

Anchovies are the chief food of the guano-producing birds and disappearance of 
the fish means starvation for the birds ( V o g t ,  1942). Consequently, it is im portant 
to  learn the circumstances under which the fish vanish from the surface o f the Peruvian 
coastal waters. Two hypotheses as to where th e  fish disappear during the “ crash ” 
years have been proposed and both  assum e that high tem peratures are directly 
responsible. One is th a t the anchovies m igrate southward ( V o g t ,  1942) and this is 
in  keeping w ith the idea that the “ crash ”  years result from  an  unusual invasion 
o f warm  water (“  El N iño ”) from the north. The other ( D e l  S o l a r ,  1942) suggests 
th a t the schools of anchovies move offshore in to  cool deep water. This suggestion 
is based on the fact th a t the tunas which invade the coastal areas a t such times have 
preyed upon anchovies. There is little or no  precise evidence to  prove the validity 
o f either proposal.

Some ( S c h w e i g g e r ,  1943, p. 37) believe th a t  the Peruvian anchovy feeds primarily 
on copepods and th a t they therefore follow the latter7 into deeper water during

5 C u r r i e ,  1 9 5 3 a ;  J a m e s ,  1 9 5 3 ;  R a h m , 1 9 3 7 ;  S h e p p a r d , 1 9 3 1 ;  S t i g l i c h ,  1 9 2 5 ;  W i l s o n - B a r k e r , 
1 9 3 1 ,  i n  a d d i t i o n  t o  t h o s e  c i t e d  i n  t h e  t e x t  a b o v e .

6 Salin ity titrations w ere carried out by m em bers o f  the  technical staff a t th e  W oods H o le  O ceano­
graphic Institution. Because the m ethod is not reliab le, the salinities determined by hydrom eter 
readings are n o t included in the discussion.

7  C l a r k e ,  1 9 3 3 ,  1 9 3 4 ,  1 9 3 4 a ;  G a r d i n e r ,  1 9 3 3 ;  H a n s e n , 1 9 5 1 ;  J o h n s o n , 1 9 4 2 ;  N i c h o l l s ,  1 9 3 4 ;  
R o s e , 1 9 2 5 ;  R u s s e l l ,  1 9 2 5 ,  1 9 2 6 ,  1 9 2 7 ,  1 9 2 7 a ,  1 9 2 8 ,  1 9 2 8 a .
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the day. There are a few observations which seem to indicate that such a diurnal 
migration o f anchovies may take place when the water is warm er than 20' C ( H u t c h ­

i n s o n ,  1950). However, other than  these records such evidence as we have indicates 
that this is not usually the case. D uring the “  El N iño ” period o f 1953, schools 
o f anchovies were reported a t the surface in the general vicinity of Lobos de Afuera 
in northern Peru in water tem peratures o f2 4 JC to  25°C ( S c h w e i g g e r ,  1953). Further­
m ore, V o g t ,  (1942) points out th a t were such diurnal m igrations responsible for the 
disappearance of the anchovies, they would re tu rn  to the surface a t night. In  this 
event, it is probable th a t the pelicans, which are know n to feed at night, if  need 
be, would prey upon the anchovies then. This does no t apparently happen during 
catastrophic periods, because the pelicans, like the corm orants and boobies, die of 
starvation. Also, were the anchovies preying prim arily upon copepods one might 
suppose th a t this sort of m igration w ould occur during “  good ” times as well. 
N orm ally, however, the anchovies are sufficiently abundant a t the surface to  meet 
the food requirements of the birds ( H u t c h i n s o n ,  1950).

O ther species of anchovy are reported to feed on phytoplankton at least for 
portions o f the year8 and there is considerable evidence th a t the Peruvian anchovy 
does likewise. The presence o f diatom  frustules o f some o f  the m ore resistant species, 
such as are found in the bottom  m ud (N ea v er so n , 1934), have been recorded in 
guano deposits, both ancient and m odern (C a n c in ©, 1950; M u r p h y , 1936, p. 97; 
personal observations). This would appear to  indicate th a t diatoms were present 
in the digestive tract o f fish which the birds had  eaten. Furtherm ore, Vo g t  (1942) 
noted that the periods when the food supply of the corm orants appeared to be 
plentiful, as reported by the wardens, corresponded in general with periods when 
the water was least transparent (i.e., the phytoplankton was so abundant as to make 
the water murky). Exam ination o f the stom ach contents o f m ore than 2,000  individuals 
indicate th a t the Peruvian anchovy does feed prim arily on phytoplankton, especially 
diatom s, a t least over a period o f m onths (29  September to 19 December 1941). 
M ore recently, similar results have been obtained which extend the period from 
June through January and February ( R o j a s ,  1.953).

The production of diatom s in sufficient num bers to provide for the guano birds 
and other predators is in large part determ ined by the supply o f nutrient salts. These 
are no t likely to be a limiting factor under usual conditions because the cool coastal 
waters which result from  upwelling9 keep their concentration high in the photic 
zone ( G u n t h e r ,  1936). Therefore events in the sea which m ight interrupt or disrupt 
this cycle could account for the recurrent disasters in “ crash ” years.

Biological calamities o f the Peruvian coast have always been associated with undue 
warm ing o f the water. These high tem peratures have m ost frequently been arttibuted 
to  an incursion of fresher water from  the no rth  (“ El N iño ” ). A t times, however, 
they have been ascribed to wedges o f saltier, warm  offshore water approaching the 
coast ( G u n t h e r ,  1936; S c h w e i g g e r ,  1942, pp. 71-73; V o g t ,  1942) and sometimes 
to  the effluent from local rivers such as th a t from  the Pisco and San Juan de Chincha 
Rivers ( S c h w e i g g e r ,  1942, pp. 77-80). I t  has also been suggested that solar radiation

8 There are a number o f  papers ( A n d r e u  y R o d r í g u e z - R o d a ,  1 9 5 1  ; D e B u e n , 1 9 3 1  ; F a g e ,  1 9 1 1 ,  
1 9 2 0 ;  M i r a n d a  y  R i v e r a ,  1 9 3 0 )  which provide background inform ation on  feeding, migrations, 
etc., for the M editerranean anchovy.

9 G u n t h e r ,  1 9 3 6 ;  S c h o t t ,  1 9 3 1 ,  1 9 3 2 ;  S v e r d r u p ,  1 9 3 0 ,  1 9 3 1 .  A iso , cf., C u r r i e , 1 9 5 3 ,  for the 
B enguela Current and S v e r d r u p  and F l e m i n g ,  1 9 4 1 ,  and California, M arine Research Committee, 
1 9 5 3 ,  for the California coast.
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may be significant in local warming (S c h w e ig g e r , 1942, p .  77). W hether the effect 
o f high tem peratures be a direct one or an  indirect one due to differences in the 
concentration o f  nutrient salts of the water masses concerned, the reasons for such 
tem perature increases are im portant in understanding th e  ecological relationships 
of the Peruvian coastal waters. Consequently, an attem pt is m ade here to distinguish 
the relative im portance o f the several types o f warming.

W A R M IN G  IN  PISCO B A Y

W arm  tem peratures due to an incursion of “ El N iño ” are  said to extend at times 
as far south as Pisco Bay. In  1925, there were a sufficient num ber o f surface tem ­
peratures recorded from  vessels traversing the waters of the Peruvian coast to  docum ent 
a progressive southw ard advance o f tem perature increases as far south as Pisco Bay 
(S c h o t t , 1931, pp. 211-212; M u r p h y , 1926; Z o r e l l , 1928). These persisted in Pisco 
Bay from 15 to 24 M arch . Subsequently, it has been learned th a t surface tem peratures 
as high as 20' C to  22°C are common in the Bay and even as high as 24°C to 25°C 
arc no t infrequent in February, M arch and possibly even in  April. These tem pera­
tures are not considered to have resulted from an incursion o f  “ El N iño ” (S c h w e ig ­
g e r , 1942; V o g t , 1942). M ore recently (1953), when “ E l N iño ” extended only 
as far south as Paita, warming in situ took place to the south apparently due to a 
cessation o f upwelling (A v il a , 1953). Since this was the w orst “ El N iño ” year 
since 1925, the possibility is raised that a similar situation existed in 1925 and  that 
“ El N iño ” was no t responsible for the tem perature increase in Pisco Bay that year.

To verify the characteristics o f “ El Niño ”  water, sim ultaneous observations of 
tem perature and  salinity at several subsurface depths were m ade off Cabo Blanco 
(4r !ó ' S, 81°15' W ) in  January  1942, the season when “ El N iño  ” m ight be expected 
there. The resulting T-S diagram (Fig. 2) indicates th a t in the  upper 25 metres, the 
tem peratures were as high (21°C to 23 Q  or a  little higher than off Pisco, bu t the 
salinities were consistently lower than  might be expected for these tem peratures in 
the Pisco Bay area (Fig. 2; cf., Tables 1 and 2). The layer o f  fresher water was 3 to 
10 metres deep within about 1-5 miles from the beach and 25 metres deep a t about 
30 miles offshore. Below 50 metres, the water had essentially the same characteristics 
as in the vicinity o f  Pisco Bay. At intermediate depths, the water appeared to be a 
mixture of the two.

Fresher water similar lo th a t found off Cabo Blanco m January  1942 (Fig. 2) was 
found extending northw ard from Lobitos in September 1927 and Novem ber 1929 
(Deutschen Seewarte, 1930), to the north  and west in July and  A ugust 1931 (D is­
co very  C om m ittee , 1949, Sta. Nos. 708-712, 715-719), and  also as far south as 
8°51 ' S, 79'31' W  in M arch 1931 (S c h o t t , 1931, p. 245). T he latter, it should be 
noted, was farther south than in 1953 and yet there is no m ention in the scientific 
literature, insofar as I am  aware, to indicate that 1931 was a “  crash ” year. W ater 
of this sort was no t found in the Pisco area during the latter p a rt o f 1941 or in 1953 
(A v ila , 1953; P o s n e r , 1953).10 Thus, at times, situations off the Peruvian coast, 
formerly attributed to  “ El N iño ” are not of this origin as already recognised by 
G u n t h e r  (1936), Sc h w e ig g e r  (1942), and V o g t  (1942).

ioS c h w e i g g e r  ( 1 9 5 3 )  has entered som e salinity data on  charts, but w ithou t giving the temperatures 
taken at the sam e tim e. Insofar as on e can judge by interpolation o f  the  temperatures, the salinity  
values given on  M ap N o s . 3 ,  4  and 5  appear to  be in agreem ent with other reports. T h ose on M ap 
N o s. 1 and 2 appear to  ind icate that “  El N iñ o  ”  water w as present.
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o— DATA FROM  C A BO  B LA N C O  TO A DEPTH 
OF 5 0  M E TE R S  (  SEE TA B LE  I )

.  —  DATA FROM CABO BLAN C O  TO A DE PTH  
GREATER TH AN  5 0  M ETERS (SEE TA BLE l)

 E A R L IE R  DATA FROM  G E N E R A L AR EA
OF C A B O  B L A N C O  (S E E  T E X T )

A  A * &  B  B *  SA M E A S  IN F IG U R E  3

IO
34.5  35,0  35.5

SALINITY % 0
Fig. 2. T-S diagram com paring characteristics o f  the  water in the Cabo B lanco area with earlier

records o f  sim ilar origin.
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Intrusions of tongues of warra offshore water, first m entioned by G u n t h e r  (1936) 
have been considered as a  source of higher tem peratures in Pisco Bay ( G u n t h e r ,  

1936, p. 194; S c h w e i g g e r ,  1942, pp. 71-73; V o g t ,  1942) bu t these observations were 
no t accom panied by salinity determinations to prove their offshore origin. To 
ascertain w hether offshore water has been found in th e  general vicinity o f Pisco 
Bay, the available tem perature and salinity data  from  pertinen t depths out to 85° W , 
and from  5CS to 17°S were plotted on a  conventional T -S  diagram 11 for comparison 
with those from  the Carnegie in the same latitudes, between 90°W and 115°W 
{Carnegie Sta. N os. 46, 47, 75, 76, 77, 78, 79). T he la tter are situated where a 
maximum salinity obtains (Fig. 3, A A ') and may be considered as characteristic of 
the water masses from the Eastern South Pacific as a  w hole.12 The great m ajority 
of the points fall within relatively narrow  limits for depths greater than 200 metres 
(Fig. 3), bu t a t lesser depths there is a m arked scattering a t m ost stations between 
the Peruvian coast and 95°W. The scatter is accentuated when curves are plotted 
for individual stations. These curves, because of the uniform ity in salinity in the 
upper layers, are indicative of upwelling (as will be m entioned again in another 
connection). B oth presentations indicate that the w ater is distinctly fresher and 
usually somewhat cooler in the shallower layers than  is characteristic for the Eastern 
South Pacific as a whole (Fig. 3, AA'). These data  suggest, then, th a t the relatively 
warm saline water characteristic o f the Eastern South Pacific does no t ordinarily 
occur within several hundred miles of the South A m erican coast. The William 
Scoresby observations for depths down to between 30 an d  50 metres at Sta. Nos. 
667, 668, 670, 671, 674, 682, 683, 686, 730, 731 and  734, as well as those taken  from 
the Oldenberg ( D e u t s c h e n  S e e w a r t e ,  1930) a t the surface west o f 80° W  in th e sec to r  
under consideration are the exceptions. The data  from the  shallow depths a t these 
stations fall close to A A ' on the T-S diagram (Fig. 3), indicating an offshore origin. 
Only three, however, are on the continental shelf and none are w ithin about twenty 
miles o f shore. A lthough such water was found about 112 miles to the westward 
a t the time o f  our observations, it was no t found in the Pisco Bay area. I t  therefore 
remains to be learned whether warm offshore water with salinities higher than  about 
35-3%0 ever significantly affects the Pisco area.13

W ithin Pisco Bay proper (Fig. 3), all tem peratures and salinity data  when plotted 
o n  a  T-S diagram  (Table 2; F u n d e r ,  1916) fall along BB', alm ost a t right angles to 
the abscissa. The salinity does no t vary by m ore than  abou t 0T5%o between the 
greatest subsurface depth on the continental shelf and  the surface even although the 
tem peratures vary from 13-8°C to 20-0°C, the extremes found in the area at the 
tim e o f our observations. W ater o f 13°C to  14°C, the m inim al recorded in the 
Bay, is usually found w ith salinities o f 34-96%0 to  35-06%o a t depths o f 150 to 200 
metres, perhaps a little deeper (250-300 metres) a t stations off the continental shelf

H Such a  w ide latitudinal span w as included because so  few  observations have been m ade within  
the im m ediate offing o f  P isco Bay. Since the scatter at shallow er depths was as m arked when only  
the  few data betw een  12°S and 14''S w ere used, it  does n o t appear that for purposes o f  the present 
analysis any u n d ue inconsistencies were introduced.

l2There seem s to  be som e precedent for such a procedure ( R e d f i f l d ,  1950; S v e r d r u p ,  J o h n s o n  
and F l e m i n g ,  1942, F ig. 194; F l e m i n g , et a l ,  1945, F igs. 205, S t a .  N o s . 7 8 - 8 9 ;  S v e r d r u p ,  et a l., 
1944, pp . 126-127, F ig. 14).

1 3 S c h w e i g g e r  (1947, p. 60) reports salinities o f  35-25%,, but corresponding tem peratures and 
localities are n o t given. A lthough this value is relatively high for recently upw elled water, it has 
been recorded at tem peratures betw een 13° and 1 4 ’C. It therefore is n o t possib le to  determ ine the 
source o f  a water m ass w ith  such  salinity values w ithout m ore data.
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as already reported by G u n t h e r  (1936) and S v e r d r u p  (1930). O ur stations to the 
west o f  Chincha N orte  indicate th a t even within 100 miles o f  the island these tem ­
peratures may be found at depths o f 100 to 200 metres. In  short, the uniformity of 
the salinities in Pisco Bay may be accounted for by upwelling from some subsurface 
layer and the higher temperatures in all probability by solar warming in situ, as 
will be shown below.

I t is possible to estimate roughly whether solar warm ing in the absence o f marked 
upwelling could produce the higher tem peratures recorded in 1941. In  these com­
putations, it is necessary to simplify the conditions which probably existed in the 
bay by neglecting currents and horizontal mixing. O n the other hand, a certain 
am ount o f dow nw ard mixing m ust be assumed to  account for observed temperatures 
a t a station close to  Chincha N orte  where weekly tem peratures at 10-metre intervals 
down to 50 metres were recorded for the latter part o f 1940 and m uch of 1941 
(Table 3). Averages for this water colum n reveal a noticeable warming as early as 
29 December 1940 (Table 3), a  warming which continued until m id-M arch 1941. 
Thereafter, it cooled gradually until mid-June, when the observations were suspended. 
The greatest increase between any two sets of observations in the average tem perature 
for the 50-metre colum n was 2-1 °C (Table 3) between 19 January and 16 February 
1941. To raise the tem perature o f this column o f water by 2°C requires 10,000 gram 
calories per square centimetre of sea surface or 358 gram  calories per square centimetre 
per day. F o r the season and latitude under consideration, it is estimated that the 
average radiation from  sun and sky am ounts to  a t least 432 to  648 gram calories per 
square centim etre per day ( S v e r d r u p ,  J o h n s o n  and F l e m i n g ,  1942, Table 25). I f  it 
is assumed th a t reflection from  the water surface is negligible ( S v e r d r u p ,  J o h n s o n  

and F le m i n g ,  1942, Table 26) and that all the radiation enters the water it would 
take between fifteen and twenty-three days to produce the observed warming. Conse­
quently, only 55% to  82% o f the heat available appears to have been required to 
produce the observed tem perature increase.

The m ost extreme tem peratures recorded within the Bay can also be accounted 
for in this way. The higher tem peratures appear to em anante from  the inner part 
o f the Bay off Pisco (Fig. 4; S c h w e i g g e r ,  1942) in an  area (Fig. 1) which roughly 
coincides with depths o f less than 20 metres. The same num ber o f calories entering 
through the surface will increase the average tem perature o f shallow waters more 
than  th a t o f deep. Thus, during the period required to warm the 50-metre column 
close to Chincha N orte  by 2°C, the tem perature off Pisco w ould have risen by perhaps 
5°C and in Paracas Bay by 10°C. This means if we assume th a t the water throughout 
the Bay averaged roughly 17-4°C at the start and  w arm ed to 19-4°C at Chincha 
N orte the tem perature off Pisco might have risen to  22-4°C and in Paracas Bay to 
27-4°C during the same period. Except for the latter, similar surface tem peratures 
have frequently been reported ( S c h w e i g g e r ,  1942; V o g t ,  1942; A v i l a ,  1949, 1950. 
See also Table 2).

Thus far, it has been assumed th a t a certain am ount o f heat was mixed downward 
through wave action or some such turbulent process, bu t during periods o f calm, a 
large percentage o f the warming would take place in the upper metre of the water 
mass ( S v e r d r u p ,  J o h n s o n  and  F le m i n g ,  1942, Table 28). U nder these conditions 
in midsum m er (January-February), one could expect for each day o f calm to find 
an increase o f 2-38°C to  5-35°C at the surface. Increases o f 1-8°C to 2-4°C ( S c h w e i g -
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GER, 1942, M ap 22; A v i l a ,  1950) have actually been reported  between 6  a.m. and 
abou t 2 p .m . and o f  4-5°C in a twenty-four hour period at Chincha N orte  ( V o g t ,  

unpublished data, January 1940).
In  addition to  these isolated examples, the surveys m ade o f the inner portion 

o f the Bay in A pril 1950 ( A v i l a ,  1950) illustrate the sam e sort o f warming over a 
considerable area (Fig. 4). It may be assumed th a t the w ater in the Bay had  upwelled 
very shortly before his surveys started, because the tem peratures were 14-2°C at 
10 metres and 13-9°C at 20 metres. Only the shallowest layers in the inner part o f 
the Bay showed any significant warming (Fig. 4). W ith an estimated 410 to 432 
gram  calories per square centimetre per day in this latitude in  April ( S v e r d r u p ,  
J o h n s o n  and F le m i n g ,  1942, Table 25) there was enough heat to w arm  a layer 
about 10 metres deep by 1°C in about two and  a. ha lf days. An increase o f 1°C was 
actually observed off Pisco between 18 and 22 April 1950 (Fig. 4). Similarly, it 
m ight be expected th a t the observed increase o f 4-8°C between 22 and 25 April was 
restricted to a  shallower depth indicating th a t there had  been little mixing. The 
slight decrease at the surface between 29 April and 3 M ay does no t necessarily 
indicate an intrusion of cold water, bu t rather a mixing down to a t least 10 metres 
(Fig. 4), since the average tem perature had increased to th a t depth by 1-5°C (cf., 
F r e e m a n ,  1953). A t the northerly entrance to the Boquerón, however, the increase 
in tem perature is nearly twice as great (i.e., 3-5°C) as could be accounted for by 
solar radiation alone. In  situations such as this, one can only assume in the absence 
o f any precise inform ation that local water movements may in  some way account 
for the increase. In  any event, the area w ith water as warm as 15°C to 21°C or 
m ore was progressively expanding and moving tow ard the Boquerón between 
18 April and  3 M ay (Fig. 4).

I t  also appears m ore reasonable to explain the existence o f warm water in the 
inner p a rt o f the Bay as resulting from water warming over shallow bottom  rather 
th an  from  the river outflows. Recent studies14 o f rivers w ith a discharge several 
hundred times greater than those entering Pisco Bay have provided a  convenient 
m ethod for com puting the effect o f river effluent on adjacent bodies o f water. I t  is 
obvious from these th a t the relatively small streams entering Pisco Bay could only 
have an infinitesimal effect on the salinity o f the area.15 The same conclusion could

14 F O R D , 1 9 4 9 ;  K e t c h u m , 1 9 5 0 ,  1 9 5 1 ,  1 9 5 1 a ;  K e t c h u m , R e d f i e l d  a n d  A y e r s ,  1 9 5 0 .
iSThe fraction o f  fresh water (F )  in any sam ple required to  reduce the salinity observed at the 

tim e o f  m y survey (i.e ., about 3 5 % 0  by m erely on e part per thousand over the  surface o f  th e  Pisco  
B ay area is found by the follow ing relationships ( K e t c h u m ,  R e d f i e l d  and A y e r s ,  1 9 5 0 ,  p .  2 8 ) :

T he general area under consideration is roughly 4 0 0  square m iles or about 1 4 - 8  X  1 0 9  square feet. 
For convenience in com putation, we m ay take in to consideration  on ly the surface layer to  a depth  
o f  on e foot. T he vo lu m e o f  fresh water required to  decrease the salinity by on ly on e part per 
thousand is found by m ultiplying the  fraction (F ) by th e  volum e o f  water in the surface layer to  a 
depth  o f  on e foot :

0 - 0 2 8 6  X  1 4 -8  X  1 0 9  c u b i c  f e e t  

=  4 2 3  X  1 0 6  c u b i c  f e e t

T h e flow  from  b oth  rivers entering the area is reported to  b e  roughly 7 6 , 0 0 0  litres per day 
( S c h w e i g g e r ,  1 9 4 2 ,  p. 8 0 ) .  Therefore before enough fresh water could enter from  this source

to effect a change o f  one part per thousand in the salinity, it w ould  take: ^  =  1 6 0 ,0 0 0  days
2*63 X lO ^

or m ore than 4 0 0  years, provided that all other processes w hich  m ight tend to  increase or decrease 
the salin ity b e inactive. .



1 5 2 M a r y  S e a r s

be reached by considering the heat contribution o f the rivers. We can, therefore, 
dismiss the discharge from  the two rivers as a  means o f increasing the surface tem­
perature of Pisco Bay in any significant way, especially since the salinity normally 
tends to increase, no t decrease, w ith tem perature (Fig. 3).

Solar warming then can account for m ost o f  the sudden increases in tem perature 
which have been observed in Pisco Bay from place to place and almost from  hour 
to hour.

C O O L IN G  IN  PISC O  B A Y

The cool water on the Peruvian coast upwells from  subsurface layers with a 
tem perature between 13°C and 14°C. ( G u n t h e r ,  1936; S v e r d r u p ,  1930). Indications 
are that this water rises to the surface in the general vicinity o f Punta Huacas south 
o f the Boquerón (Fig. 1). The coldest water is frequently found there and extending 
northw ard into the Bay tow ard the Ballestas and  Isla Blanca (Fig. 4). N o t infre­
quently, surface tem peratures below 15°C are found in this general vicinity ( A v i l a ,  

1949; 1950; M u r p h y ,  1923; S c h w e i g g e r ,  1942) and water o f 13°C has actually 
been observed at the surface close to Isla Blanca. In  1941, the coldest water was 
somewhat warmer (between 14°C and 15°C), bu t nevertheless it too was found south 
of San Gallán at depths of 10 metres or more. Elsewhere it occurred as deep as 
50 metres. In  other years, as exemplified by 1950 (Fig. 4), tem peratures o f 14-0°C 
and  14-5°C occur over m uch of the southwestern portion o f the Bay and its approaches 
and within 10 metres of the surface elsewhere.

As mentioned earlier, tem peratures recorded in Paracas Bay are no t as high as 
might be expected in an isolated shallow bay. The tem peratures there the latter 
part of April 1940 (Fig. 4) indicate th a t the water east of Punta Pejerry was no warmer 
than m uch of Pisco Bay. O n the other hand, close to La Puntilla, the morning 
tem peratures was consistently cooler than one taken a t the end o f the circuit in 
early afternoon. It looks then as if cool water from the Boquerón flows north  of 
the Paracas Peninsula and around P un ta  Pejerry into Paracas Bay. I t  may be that 
this is part of a counter clockwise circulation in  the Bay, which would tend to  develop 
as a result o f the prevailing southeasterly wind.

This sort of tem perature distribution means th a t with each pulse of upwelling, cold 
water surges into the Bay through the Boquerón. I t  is no t possible to determine 
w ith existing data whether each such pulse flushes out the bay or whether the am ount 
of water entering the Bay varies depending upon the strength o f the upwelling. The 
cold tem peratures so close to the surface in April 1950, together with the fact that 
most of the somewhat w arm er surface tem peratures observed in the Bay at that 
time can be accounted for by warming in situ  o f relatively short duration certainly 
seems to  suggest that flushing may at times be practically complete.

In  the com putations o f warming from  solar radiation, mixing was considered as 
a mechanism for distributing heat downward from the surface. However, the Bay 
is no t an isolated body o f water as this might imply. Under somewhat different 
circumstances, mixing can also be a  means of cooling (cf., F r e em a n , 1953). The 
warm tem peratures observed a t the surface with a sufficiently strong wind would 
mix w ith the cold water existing below 10 metres with the result th a t the surface 
tem perature would be considerably reduced. U nder such circumstances, surface 
cooling is not indicative o f a new intrusion o f cold water. Once again, it appears 
th a t surface tem peratures are no t reliable when interpreting hydrographic conditions.
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T E M PE R A T U R E S IN  “ C R A S H ” A N D  “ N O R M A L ” Y E A R S

Surface tem peratures of 2 0 X  to 21°C or even higher occur over large portions 
o f the Bay m uch o f the year, in both “ c ra sh ”  years and “ n o rm al” ones. They are 
therefore no t a  reliable index for differentiating between them. On the other hand, 
subsurface tem peratures may prove useful in this respect. In  a “ crash ” year, 
such as 1941, the warming process is predom inant, apparently through a  cessation 
o f upwelling for a more or less prolonged period. In  the absence of upwelling, the 
water in the Bay is warmed by the sun. Through m ixing the warming extends 
downward depressing the isotherm  for 14°C to a  depth o f  50 metres or m ore and it 
may then rem ain deep for as long as six m onths from midsummer to midwinter 
(Table 3). Even in the absence o f upwelling, some seasonal cooling takes place in 
la te  spring before the heavy cloud develops, a cloud which hangs over the coastal 
region perhaps eighty per cent of the tim e during the winter m onths (U.S. Navy 
H ydrographic Office, 1938). Despite this cooling, the isotherm  for 14°C tends to 
rem ain deep, until upwelling again becomes active.

In  a  “ norm al ” year, such as 1950, the cooling process appears to dom inate except 
a t the very surface, presumably because o f repeated upwelling, possibly as often as 
every two or three weeks. Were upwelling m ore infrequent, it  m ight be expected 
th a t the water column down to at least 50 metres would warm by about 2°C, as it 
did in 1941. Judging from the situation in A pril 1950 (Fig. 4), this does no t happen, 
bu t rather the 14°C-isotherm lies within 10 to 20 metres of the surface and the 
tem perature for the water column down to 50 metres averages close to 14-5°C rather 
than  18°C as in 1941. Superficial tem peratures may, however, be as high as in 
a “ crash ” year following several days of calm or light winds.

A N N U A L  T E M P E R A T U R E  C Y C L E

One further point needs to be considered in trying to understand the hydrographic 
situation in Pisco Bay, namely, the annual tem perature cycle. In  m ost earlier 
discussions, this has no t been stressed, perhaps because the significant tem perature 
changes have always been so sudden and catastrophic. Nevertheless, such a cycle 
appears to exist in the surface layers, a t least, for certain sectors of the coast 
( S c h w e i g g e r ,  1951 ; U.S. Coast and  Geodetic Survey, 1948; U.S. Navy H ydrographic 
Office, 1938) with an average difference between summer and winter o f roughly 
7°C. Tem perature differences of this m agnitude in such low latitudes could readily 
be explained by the low dense cloud present nearly 80 per cent of the time during 
the m onths o f July, August and September in contrast to practically clear skies 
from  January  through April (U.S. Navy H ydrographic Office, 1938). Such a cycle 
is revealed when surface data  are averaged over a considerable num ber of years 
( S c h w e i g g e r ,  1951). From  these, it  appears th a t the extreme surface tem peratures 
for any year along the Peruvian coast a t least as far south as 12°S, whether in “ nor­
m al ”  or “ crash ” years is usually as great as any ever recorded in  Pisco Bay 
( S c h w e i g g e r ,  1951).

Some caution m ust be used, however, in interpreting averaged data  of this sort, as 
the actual situation may be obscured. This has been dem onstrated in studies of the 
G ulf Stream, for example ( F u g l i s t e r ,  1951). In  a warm year, such as 1941, a year 
which was characterized by an almost complete absence of upwelling, the annual 
cycle was apparent in both surface and subsurface layers. In  more usual years, such
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as 1950, it seems likely th a t the tem perature cycle for the water colum n as a  whole 
will be completely obscured by upwelling, which may also keep the surface tem pera­
tures low. It might also be expected that the surface tem peratures might fluctuate 
markedly increasing during periods o f calm o r light winds, bu t decreasing with 
stronger winds.

C O M P A R ISO N  W IT H  O T H E R  A R E A S

Temperatures of the Peruvian littoral are no t as extreme as those in some tem­
perate regions, such as along the east coast of the United States. There, for example, 
at the warmest season, the surface tem peratures from  Chesapeake Bay to Cape Cod 
( B i g e l o w ,  1933, Fig. 35) are the same or even a little higher (i.e., 23°C to 26°C) than 
in Pisco Bay. The winter tem peratures, however, are very m uch lower, ranging 
from about 2°C to 8°C.

Likewise, in midsummer, when a  m arked thermocline is established, there may 
be a considerably greater contrast in the vertical tem perature distribution off the 
east coast of the United States. There a pool o f cool water o f from 6°C to 8°C lies 
at depths o f 40 metres or m ore ( B i g e l o w ,  1933, Figs. 41-44), but the surface 
tem perature may be as high as 25°C. W ithin 25 metres there may thus be a vertical 
tem perature gradient of 16°C, a range greater than any ever recorded on the Peruvian 
coast.

Similarly, the salinities regularly occurring along the Peruvian coast are much 
m ore uniform than  along the east coast o f the United States. Ordinarily, on the 
coast of Peru, salinities do no t vary by as m uch as 1%0, never by m ore than  2%0. To 
be sure, at the m outh o f a  stream, this might no t be true, bu t freshening from  this 
source, as already pointed out, is insignificant for the Coastal C urrent as a whole. In 
contrast, off the east coast of the United States, crossing the continental shelf some­
what north  of Cape Flatteras, the salinities may vary between 29-96%0 to 35-9%0, a 
gradient of 6%0. Vertically, in as little as 20  metres, the gradient may be 2-95%0 
(29-96%0 at the surface and 32-91%0 a t 20 metres) (B ig e l o w  and S ea rs, 1935, Fig. 8) 
and at one locality there may be an increase from 29-65%0 to  32-24%0 in a  fortnight 
(B ig e l o w  and Sea rs , 1935, Fig. 25). These are extreme values, bu t nevertheless 
they may be expected with some regularity over considerable areas a t certain times 
o f year.

In  other areas, such as the Bay o f Fundy, the annual tem perature range (8-6GC 
to  10°C) and the annual salinity range (0-7%o to T4%0) (B a iley , M a c G r e g o r  and 
H a c h ey , 1954) are roughly the same as off the Peruvian coast. In  the M editerranean, 
th e  annual tem perature limits (i.e., about 13°C to about 26°C) (R o d r íg u e z - R o d a , 
1953) are almost identical with the m ost extreme tem peratures of the Peruvian 
Coastal Current. Thus, the tem peratures and  salinities o f the Peruvian Coastal 
C urrent are not unique nor are they extreme, a  situation that appears to have been 
overlooked.

B IO L O G IC A L  C O N SID E R A T IO N S

There are two types o f biological disasters, both associated w ith high water 
tem peratures and formerly considered as a consequence of “  El N iño .” The first 
is the disappearance o f the anchovies. This is the cause o f death from starvation 
among the guano birds. W arm ing per sc could be responsible for this type o f disaster
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despite the relatively narrow tem perature limits o f the Peruvian Coastal Current. A  
considerable num ber of the diatom  species occurring there  are also found in more 
tem perate regions. It may be th a t the lower tem peratures o f the C urrent are near 
the upper limits of their tolerance. On the other hand , it m ight be th a t the supply 
of nutrient salts becomes depleted in the absence o f upwelling. Thus the production 
o f diatom s would be restricted. In  either event, the anchovies w ould go elsewhere 
in search o f food. These points need clarification.

The second type of disaster is associated with the appearance of “  red water ” 
(“ aguaje ” ). There are num erous examples elsewhere that this is usually accom ­
panied by a mass mortality of fish and larger invertebrates.16 “ A guaje” (“ red 
w ater ”) has m ost frequently been reported as resulting from an incursion of “ El 
N iño ” ( L a v a l l e  y G a r c i a ,  1918; S h e p p a r d ,  1931). I t  has also occurred in water 
o f offshore origin ( G u n t h e r  1936a, pp. 57-58) and in O ctober 1941 it  was found in 
upwelled water between Chincha N orte and Tam bo de M ora.

T o  illustrate the complexity o f the problem, the situation existing at the time o f 
the “ aguaje” o f October 1941 is recorded here in  some detail. Several million odd 
corm orants nesting in the Ballestas were going out each day in search of food and 
sufficient num bers of anchovies were available to prevent a mass starvation o f the 
birds and  a t times even to  a ttrac t whales. One Sunday, thirteen were spouting at 
one tim e within view o f Chincha N orte  and schools o f anchovies were breaking the 
surface. D uring this period o f plenty, there are notations in my records which 
suggest th a t all was not going well in the area. Thus, on 27 October, going north  
tow ard Tam bo de M ora, a station was taken where the tem perature a t the time was 
n o t extraordinarily high (20-5°C a t the surface, 16°C a t 5 metres and 14-7CC at 
43 metres). The Zooplankton nets came up loaded with a  yellow-brown slime from 
decaying phytoplankton. We have no inform ation as to  the organisms concerned, 
bu t it  is possible th a t they may have been the naked flagellate (Vogt, 1942, Photo A, 
opposite p. I l l )  observed a t Pisco in considerable num bers a t about this time. Two 
days later (29 October), there were dead sea slugs on the beach a t Chincha N orte 
and  on 30 October, dead “ lissas ” were reported  at L a Puntilla. Meanwhile a 
visitor from  Lima (1 November) reported a putrefactive stench, characteristic o f 
an  “  aguaje ” all the way down the coast from  Callao (cf., B r o n g e r s m a - S a n d e r s ,  
1948; R a h m , 1927; W o o d c o c k ,  1948). Y et th a t same day the birds had  fed in the 
Bay and over the weekend (3-4 Novem ber), Pisco Bay was teeming with life, the 
whales m entioned above, anchovies, M unida, gray gulls, etc., in addition to the 
usual guano birds.

In  m ost cases, “ red water ” is chiefly due to a very dense concentration of dino- 
flagellates ( B r o n g e r s m a - S a n d e r s ,  1948), w ith the individuals in any one swarm 
usually belonging to bu t one species. From  one half to one million cells per litre 
merely give the appearance o f a  dingy chocolate colour to the water, a colour often 
seen on the  Peruvian coast. I f  the num ber doubles the water becomes distinctly 
red  ( A l l e n ,  1942). Apparently, dinoflagellates bloom  most frequently a t times when 
the  water tem perature is relatively high. They occur in boreal waters after the 
flowering o f diatom s ( B i g e l o w ,  1927), when the water there is warmest. Just as is

i ö B h i m a c h a r  a n d  G e o r g e ,  1 9 5 0 ;  B r o n g e r s m a - S a n d e r s ,  1 9 4 8 ;  C h e w ,  1 9 5 3 ;  C o n n e l l  a n d  
C r o s s ,  1 9 5 0 ;  C o p e n h a g e n ,  1 9 5 3 ;  D a v i s ,  1 9 4 8 ;  G u n t e r ,  e t a l.,  1 9 4 8 ;  H a y e s  a n d  A u s t i n ,  1 9 5 1 ;  
S o m m e r  a n d  C l a r k e ,  1 9 4 8 .
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the case for diatoms ( B i g e l o w ,  L i l l i c k  and S e a r s ,  1940, p. 169), no one factor 
appears to stimulate their increase. Recently, it has been suggested that small water 
masses of low salinity appear to be favourable for the growth o f a  “ red tide ” 
( S l o b o d k i n ,  1953). Certain species o f dinoflagellates do actually show a maximal 
reproductive rate when salinities are low ( B r a a r u d ,  1951; N o r d l i ,  1953). In  view 
of the extremely slight runoff from streams entering Pisco Bay, it seems unlikely 
th a t similar conditions favour the development o f  an “  aguaje ” on the Peruvian 
coast. Earlier, K e t c h u m  and K e e n  (1948) found 2 \  to  10 times the maximal total 
o f phosphorus to be. expected in thfe sea during a  “ red tide ”  off the west coast of 
Florida. Thus, they seem to exclude the possibility that the blooms necesarily depend 
on upwelled, nutrient rich water. In  some cases, it is believed that dinoflagellates 
become concentrated by convection cells ( B a r y ,  1953). In  short, it is unlikely that 
optim al conditions are the same for all species which may cause “ red w ater.”

An intrusion of a foreign water mass such as “ El N iño ”  or offshore water is not 
a  prerequisite for either type of biological disaster. I t  is now established th a t the 
upwelled water o f the Peruvian Current may also produce such a bloom when it 
has warmed in the surface layers to a tem perature o f 20°C as described earlier. It 
seems likely that little further headway can be m ade in determining limiting factors 
other than heat, until some record o f the species concerned together with the environ­
mental conditions is made.

D ISC U SSIO N

The problem presented above is obviously n o t a simple one and is far from 
solved. M uch headway could be made with m ore quantitative inform ation o f the 
upwelling process similar to th a t obtained recently along the Californian coast 
(California, M arine Research Committee, 1953). There, no t only have many more 
centres o f upwelling been discovered in the last five years than had been previously 
known, but also a m ethod is in course of development for measuring the intensity 
of upwelling in different localities. These studies show that the intensity o f upwelling 
fluctuates fiom  year to year, ju st as appears to be true on the Peruvian coast. An 
attem pt was made in the work along the California coast to correlate the intensity 
of upwollifig with an increasing wind stress. Although weather cycles are recognized 
on the Peruvian coast ( R u d o l p h ,  1953; W i l l e t t  and R u b in , 1953) sufficient data 
have not accumulated there to determine any relationship between upwelling and 
meteorological phenom ena. Such data, together with model studies in the laboratory 
(V o n  A r x , 1952) should provide significant clues for an understanding o f the ecology 
of the Peruvian Coastal Current.

Consideration m ust also be given in future to  the cycle of nutrient salts. Throughout 
the present paper, it has te e n  assumed that they are usually in excess and th a t their 
disappearance when upwelling ceases may indirectly account for the disappearance 
of the anchovies. The question is complicated by the fact th a t it  is no t known 
whether the excreta of the birds make any significant contribution to the abundance 
o f nutrients in the water. In  a very limited area within a  bay on Long Island, New 
Y ork, it is estimated th a t four million ducks produce 2-7 million pounds o f nitrogen 
and 0-82 million pounds o f phosphorus per year (W oods Hole Oceanographic 
Institution, 1952). T he uric acid deposited in the water is quickly changed into 
soluble nitrogenous com pounds by bacteria. A t the height of the season, small
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green algae are extremely num erous rather than m ore characteristic diatom s and 
dinoflagellates, possibly due to  the abnorm al nitrogen-phosphorus ratio. This 
suggests that in  the vicinity o f a  guano island, despite a substantial deposit o f guano 
on the island itself, there may also be a significant contribution to the surface waters. 
This might account for the dense population of a large naked flagellate in the latter 
p a rt of October, when several million corm orants were nesting in the Ballestas.

Clarification of these two questions together w ith w ork presently in progress 
on the life history of the anchovy will go a long way tow ard accounting for the 
fluctuations in the am ount o f guano deposited on the islands from year to  year and 
to  an understanding of the high productivity o f an area o f active upwelling.

S U M M A R Y  V

1. The ecological situation in the Peruvian Coastal C urrent is reviewed.
2. I t  is suggested that during catastrophic periods, warming in situ in the absence 

of active upwellings is perhaps m ore frequent than a phenom enal incursion o f “ El 
N iño  ” like th a t of 1925 or o f warm offshore water. Contributions from rivers appear 
negligible for the area as a whole.

3. Some consideration is given to the cooling process and its possible effect on 
the annual tem perature cycle.

4. The annual tem perature range appears to be about 7°C. and the salinity
range less than  2%0, compared with a tem perature range o f 20°C or m ore and a
salinity range o f perhaps 6%0 in tem perate coastal waters.

5. There are two types of biological disasters, both  usually associated w ith warm 
w ater and formerly attributed to  “ El N iño .” One is the series o f events initiated by 
disappearance o f the anchovies, the other by the development o f “ red w ater.” The 
la tter has been found not only as a consequence o f an incursion o f “ El N iño ”  and of 
warm  offshore water, but also in upwelled water which has warmed in the surface layers.
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Table 2 (continued')

Sta. P  5. R oughly 5 m iles west o f  C hincha N orte.

D ate

T otal depth  \  
(ni) S

9 S ep t. 

122

24 Sept. 

124

7 O ct. 

134

25 O ct. 

117

8 N ov. 

120

28 Nov. 

127

10 Dec. 

121

D epths Tem p. Sal. Tem p. Temp. Tem p. Tem p. Tem p. Tem p.
in (tri) in C. in  %0 in °C. in °C. in °C. in rC. in °C. in  ° C.

0 _  _ 17-1 16-3 17-0 18-0 18-0 16-2
5 16-2 3 5 0 0 1 7 0 15-6 17-0 18-0 17-0 16-0

10 —  - 15 5 15-6 1 7 0 17-8 16-2 15-9
25 14-5 34-99 14-6 14-7 16-1 16-9 15-3 15 0
50 1 4 0 14-2 14-4 14-7 14-6 14-6 14-8
75 13-8 - - - - - —

100 -  - 14-0 14-2 13-7 13-9 14-5 13-6
115 _  _ 13-9 - 13-6 - — _

125 -  — 14-2 — — -

Sta. P  6. R oughly  3 m iles north  o f  Chincha N orte  through 7 O ctober, thereafter 5 m iles north o f
C hincha N orte.

D ate

Total \  
depth (ni) J

9
Sep t.

87

16
Sep t.

92

24
Sept.

95

1
O ct.

91

7
Oct.

97

13
O ct.

88

25
Oct.

95

29
O ct.

86

8
N ov.

101

28
N ov.

97

10
D ec.

91

D epths Tem p. Sal. Tem p. Tem p. Tem p. Temp. Tem p. Tem p. Temp. Tem p. Temp. Tem p.
in (ni) in °C. in  %0 in  ’ C . in JC. in °C. in °C. in °C. in  °C. in  °C. in C. in °C. in °C.

0 _  _ 17-1 17-7 16-9 17-2 15-8 17-7 20-1 19-8 21-6 17-6
5 19-5 35-02 16-6 17-4 16-0 16-2 15-3 16-0 18-6 18-5 19-4 15-6

10 _  _ 16-1 16-5 15-8 16 6 15-1 16-0 15-6 17-2 15-4 15-5
25 15-4 35-01 1 5 0 15-1 14-7 14-9 14-7 15 1 15-0 15-9 15-1 15-0
50 14-2 - 14-3 14-3 14-3 14-5 14-4 14-5 14-5 14-4 14-7 14-5
70 14-0 34-98 14-1 14-0 14-2 14-2 13-6 14-2 14-5 14-0 - _

80 _ - - - - - - - - - 14-0
97 ”  — ~ - — — — 14-5 -

Sta. P  7. R oughly 3 m iles south  o f  San G allán and Sta. P 8. R oughly  5 m iles w est o f  
about 3 m iles w est o f  P oin t H uacas. P  7.

D ate  

T o ta l dep th  \
(m ) ƒ

11 Sept. 

92

9 Oct. 

93

14 Nov, 

90 i

2 Dec. 

86

11 Sept. 

174

9 O ct. 

193

14 Nov. 

190

30 Nov. 

188

D epths T em p Sal. Temp. Tem p. Tem p. Tem p. Sal. Tem p. Tem p. Tem p.
in  (m ) in °C. in  %0 in T . in C. in C. in C. in %0 in °C. in °C. in C.

0 _ _ 16-7 15-8 17-6 _ 17-9 16-6 17-9
5 15-0 35-02 15-4 15-8 16-6 16-3 34-99 15-9 16-4 17-7

10 - - 15-0 15-4 16-0 - 35-04 15-3 16-0 17-1
25 14-2 35-00 14-9 15-3 15-3 14-4 - 15 0 15-6 16-6
50 13-9 35-00 14-4 14-6 14-6 14-8 — 14-2 14-4 14-5
75 13-8 34-98 14-2 14-4 - - - 13-9 14-0 _
80 _ - - - 14-1 - - - — —

100 - - - - - 14-4 - - - 14-0
J50 - - - - - 14-2 - - - —

180 - - - - - - - - - 13 0
185 — — — ~ 13-6 —
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Table 2 (continued)

Sta. P 9. Roughly  
10 mi. W . o f  Chin­

cha N orte.

Sta. P  10. R oughly  
10-12 m i. N . o f  P 5.

Sta. P A . R oughly  
3 mi. from  P 6 to ­

ward P isco.

Sta. PB. R oughly  
9 m i. toward Pisco  

from  P 6.

D ate

T o ta l \  
depth  (/«) ƒ

7 O ct. 

148

25 O ct. 

94

8 N ov. 

114

28 Nov. 

99

16 Sept. 

72

16 Sept. 

25

D epths Tem p. Tem p. Tem p. Tem p. Tem p. Tem p.
in (m) in "C. in °C. in °C. in °C. in °C. in ‘C.

0 161 17-1 19-3 1 9 9 17-6 17-6
5 16-2 16-8 17-7 18-4 17-0 17-2

10 15-7 16-4 17-4 15-5 16 5 17-2
20 - - — _ — 1 6 0
25 1 5 0 15-7 1 6 0 14-9 151 _
50 14-7 14-5 14-5 14-7 14-4 _
65 - - - - 14-2 -
/ j
90 I 14-3 I 14-5 I I

100 14-2 — 1 4 0 _ — _
140 1 4 0 — — —

B . M iscellaneous stations.

L oca lity 1 m i. W . Pt.
H uacas

A b ou t 4  mi. 
E. o f  Sta. P6

A b o u t 3 mi. 
tow ard Chin­
cha N orte  
from  prev­

iou s colum n

Chincha
N orte

Station

Line o f  stat 
tilla-Chin  

A bout 4  mi.
from  

L a Puntilla

ons L a Pun­
cha N orte  

A b ou t 8 m i.
from  

La Puntilla

D ate

T o ta l \  
depth  ini) ƒ

9 O ct. 

49

29 O ct. 

57

29 O ct. 

79

29 Oct. 30 O ct. 

20

30 O ct. 

39

D epths Tem p. Tem p. Tem p. Tem p. Tem p. Tem p.
in (m) in C. in ° C. in °C. in ° C. in ‘C. in °C.

0 16-2 20-6 2 0 0 21-1 20-3 19-7
5 16-1 18-5 19-3 18-4 1 8 0 16-7

10 14-6 15-9 16-9 16-9 161 15-3
15 - - - - 15-2 —

25 - 1 5 0 15-1 15-2 - 1 5 0
35 - - - - - 14-9
40 14-8 — — — - _

50 _ 14-6 14-6 14-5 _ —

75 — “ 14-6 “ — -
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Table 2 (continued)

L o ca lity

Line o f  stati 
tilla-Chinc 

12 m i. from  
La Puntilla

ans L a Pun- 
ha N orte  
16 mi. from  
La Puntilla

A bout 1 mi. 
W. Ballesta  

Is.

A bout 2  mi.
W.

Pt. H uacas

A bout 7 mi.
W.

Pt. H uacas

C hincha
N o rte

Station

D ate 30 O ct. 30 O ct. 31 O ct. 31 Oct. 31 O ct. 6 N ov

CO<N

T o ta l \  
depth (m ) ƒ 68 65 75 83 202

D epths Tem p. Tem p. Temp. Tem p. Tem p. Tem p. Temp.
in (m) in C. in "C. in CC. in "C. in °C. in " C. in °C.

0 19-6 2L3 16-9 16-9 16-9 20-2 19-9
5 18-4 18-9 16-9 16-7 16-7 19-8 18-5

10 15-6 17-0 15-9 15-9 16-4 17-7 15-8
25 14-7 15-2 14-9 14-8 1 6 0 15-5 15-1
50 14-4 14-4 14-5 14-6 14-8 14-6 14-6
70 _ — 14-4 - - — _
75 - — - 14-4 - - -

100 - - - - 140 - —
195 “

“ '
13-0 ~ —

C . Stations taken from the “P acific Q ueen”

L oca lity

P 11 about 9  mi. 
tow ard Tam bo de 
M ora from  Chin­

cha N orte

P 12. A bout 13-5 
mi. toward Tam bo 
de M ora from  

Chincha N orte

P 13. 
About 

4-5 mi. 
W . P 12

P 14. A bout 9 mi. 
W. P 12

P 1 5 .13-5 
m i. W. 

P 12

D ate

T o ta l \  
depth (m ) .ƒ

27 O ct. 

38

27 Oct. 

11

27 O ct. 

52

27 O ct. 

91

27  Oct. 

110

D epths  
in (pi)

0
5
6
7
8 

10 
25 
43 
50 
75

100

Tem p. Sal. 
in  1 C. in  %0

17 6  35 07 
15-9 35-03

15-4 35-03 
15 2  35-03

Tem p. Sal. 
in °C. in %0

20-0 35-07 
17-3 35-05

16-2 35-02

Temp, 
in °C.

20-6
16-0
15-4
15-2

15-2
14-9
14-7

Tem p. Sal. 
in °C. in %0

18-3 35-03 
16-3 35 01

16 0 35-01 
15-1 35-01

14-4 35-01 
14-2 35-01

Temp, 
in 'C.

19-6
19-4

17-3
16-0

14-5

14-2
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Table 2 (continued)

L o ca lity P 16. 18 mi. W. 
P  12

P 17. A b ou t 9 mi. 
W. o f  Chincha  

N orte

P 18. A b o u t 22-5 
mi. W . Chincha  

N orte

P 19. A b ou t 36 mi. 
W . C hincha N orte

D ate 27 O ct. 28 O ct. 28 O ct. 28 O ct.

T o ta l \  
depth (in) ƒ 120 129 255 over 200

D epths Tem p Sal. Tem p. Sal. Tem p. Sal. Tem p. S a l.
in (m) in °C in  %0 in °C. in  %0 in °C. in  %0 in 3 C. i n f o

0 18-8 35 03 17-7 35-07 18-0 35-17 18-6 35-17
5 18-3 35-03 17-3 35-10 17-9 35-30 17-9 35-14

10 17-6 35-03 17-2 35-07 17-9 35-17 17-9 35-14
25 16-4 35-10 16-2 35-07 17-9 35-28 17-8 35-14
50 151 34-96 14-5 34-96 16-3 35-12 16-1 35-14

100 14-2 35-01 14-0 34-96 14-0 34-97 - 35-16
200 — — “ 12-7 34-88 12-5 34-88

L o ca lity
P 20. A bout 13-5 
m i. W. Chincha 

N orte

P 2 1 . A b ou t 27 mi. 
W . Chincha  

N orte

P 22. A bout 40-5 
m i. W . Chincha  

N orte

P 23. A bout 112-5 
m i. W . C hincha  

N orte

D ate

T o ta l \  
depth (m) ƒ

15 D ec. 

157

15 D ec. 

over 200

15 D ec. 

over 200

16 D ec, 

over 200

D epths Tem p. Tem p. Sal. Tem p. Sal. Tem p. Sa l.
in (m) in ' C. in °C. in %o in  ''C. in  %0 in °C. in %0

0 17-8 18-6 35-08 21-8 35-19 22-0 35-49
5 17-3 17 6 35-09 21-5 35-20 21-9 35-49

10 16-4 17-2 35-08 21-2 35-19 21-9 35-49
25 1 6 0 16-6 35-15 18-8 35-22 21-0 35-40
50 15 0 15-6 35-07 17-0 34-96 18-0 35-40

100 15-0 14-0 34-96 14-3 34-87 15-3 34-96
150 13-5 — - _ - - _
200 12-8 34-93 1 3 0 — 14-3 34-79

L oca lity P 24. A b ou t 31 m i. E. P 23. P 25. A bout 27 m i. E . P 24*

D ate

T o ta l  \  
depth  (m ) ƒ

16 D ec. 

over 200

16 Dec. 

over 200

D epths Tem p. Sal. Tem p. Sal.
in (m ) in °C. in  %0 in  °C. in %o

0 21-3 35-24 21-0 35-18
5 21-1 35-24 20-5 35-17

10 21-1 35-24 20-3 35-20
25 20-9 35-29 20-3 35-36
50 20-3 35-44 19-6 35-31

100 18-2 35-22 17-0 34-97
200 13-5 34-87 16-6 34-96

* T he positions o f  the stations for 15 and 16 D ecem ber are inaccurate. A  course was set due  
W est until reaching Sta. P 23 and then due East. A t about m idnight o f  16 D ecem ber, the “  Pacific  
Q ueen ” reached the light a t L os Infiernillos about I o o f  latitude south o f  Chincha N orte . This 
sh ou ld  n ot be interpreted as necessarily due to  a current, since the ship’s com pass had n o t been  
adjusted recently.
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