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LARGE-SCALE MARINE CLIMATIC CONDITIONS 

Atmospheric C i r c u l a t i o n  

Wagner (1979) descr ibed  t h e  atmos- 
p h e r i c  c i r c u l a t i o n  and weather over  
North America during 1978. The w i n t e r  
1977-78 and t h e  f i r s t  p a r t  of t h e  
w i n t e r  1978-79 cont inued a p a t t e r n  of 
atmospheric c i r c u l a t i o n  begun i n  1976- 
77 i n  which a s t rong  r idge  of atmos- 
p h e r i c  p r e s s u r e  formed along t h e  w e s t  
c o a s t  w i t h  a t rough downstream over  t h e  
c e n t r a l  o r  e a s t e r n  United States 
(Fig.  1). This  c i r c u l a t i o n  continued 
t h e  p a t t e r n  of win ter  1976-77, with 
mild temperatures  and abundant precip-  
i t a t i o n  i n  Alaska areas wi th  c o l d ,  
snowy weather t o  t h e  east. During 
w i n t e r  1977-78 temperatures  along t h e  
C a l i f o r n i a  c o a s t  were near  o r  above 
normal and p r e c i p i t a t i o n  was abundant 
as t h e  r i d g e  allowed storms t o  move i n  
from t h e  southwest.  During December 
1978 and January 1979 t h e  r idge  formed 
a g a i n  but  was s h i f t e d  t o  t h e  west 
s e v e r a l  hundred k i lometers  of f  t h e  
c o a s t  and extended northwards over 
Alaska. This  allowed some n o r t h e r l y  
flow over  t h e  w e s t  c o a s t ,  b r ing ing  
below normal temperatures ,  e s p e c i a l l y  
over  t h e  southern  p a r t  of C a l i f o r n i a .  
By February 1979 t h e  r idge s h i f t e d  
f a r t h e r  w e s t  and became an "omega type" 
blocking r idge  over  t h e  Bering S t r a i t  
(Dickson 1979). This  l e d  t o  t h e  forma- 
t i o n  of a t rough near  t h e  w e s t  c o a s t  

which brought above normal prec ip i -  
t a t i o n  t o  much of t h e  c o a s t .  

Sur face  Pressure  

Maps of t h e  d i s t r i b u t i o n  of sur- 
f a c e  barometr ic  p r e s s u r e  are a v a i l a b l e  
r o u t i n e l y  from many agencies  ( s e e ,  f o r  
example, those  published i n  Fishing 
Informat ion) ;  f o r  b r e v i t y  they are not  
reproduced here .  These maps show t h e  
Aleut ian  low pressure  system centered 
near  t h e  Aleut ian  I s l a n d s  i n  win ter  
wi th  r e s u l t a n t  wes te r ly  winds over  much 
of t h e  North P a c i f i c .  I n  s p r i n g  and 
summer t h e  low f i l l s  and weakens and 
t h e  North P a c i f i c  high-pressure system 
expands from o f f  C a l i f o r n i a  so t h a t  by 
August t h e  high dominates t h e  c i r c u l a -  
t i o n  of t h e  n o r t h e a s t e r n  P a c i f i c .  I n  
f a l l  t h e  h i g h - p r e s s u r e  ce l l  c o n t r a c t s  
and t h e  Aleut ian  low deepens and 
resumes i t s  normal win ter  p o s i t i o n  over  
t h e  Aleut ians .  

This  annual p a t t e r n  of pressure  
d i s t r i b u t i o n  occurred i n  1978 and e a r l y  
1979 with s e v e r a l  v a r i a t i o n s .  I n  e a r l y  
1978 s t rong  wes ter ly  winds occurred 
over  much of t h e  n o r t h e a s t e r n  P a c i f i c  
and apparent ly  caused s t rengthened flow 
of t h e  C a l i f o r n i a  Current.  I n  Septem- 
b e r  1978 an  i s o l a t e d  l o w - p r e s s u r e  
system occurred i n  t h e  Gulf of Alaska. 

' P a c i f i c  Environmental Group, Nat ional  Marine F i s h e r i e s  Serv ice ,  NOAA, 

*Resource Ecology and F i s h e r i e s  Managment Div is ion ,  Nat ional  Marine 
Monterey, CA 93940. 

F i s h e r i e s  Serv ice ,  NOAA, S e a t t l e ,  WA 98112. 
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In January 1979 an in tense  Aleutian low 
was present  over t he  c e n t r a l  Aleut ians ,  
while the  North P a c i f i c  high was 
sh i f t ed  t o  the  w e s t  of i t s  normal 
pos i t i on ,  thus  causing s t rong  south- 
wester ly  winds i n  t h e  region between it  
and t h e  low. I n  February the  low s p l i t  
i n t o  an eas t e rn  and western por t ion  
wi th  the  eas t e rn  por t ion  centered over 
the  Gulf of Alaska near southeastern 
Alaska 

Wind-Driven Transport  

The oceanic sur face  l aye r  t rans-  
po r t  due t o  sur face  wind stress i s  
estimated monthly by ca l cu la t ions  of 
wind-driven (Ekman) t ranspor t  using 
monthly mean f i e l d s  of sur face  baro- 
metric pressure.  These da ta  a r e  sum- 
marized as vec tors  of t ranspor t  by 
month a t  sele ted  poin ts  i n  the  north- 
east Pacific.' Figure 2 shows monthly 
vectors  of computed t r anspor t  f o r  t he  
15 months January 1978-March 1979, 
while Figure 3 shows the long-term 
monthly mean vec tors  (January-March 
repeated) .  

During l a t e  1977 and e a r l y  1978 
t h e r e  was s t ronger  than normal north- 
eastward Ekman t ranspor t  i n  t he  Gulf of 
Alaska (57'N, 14O0W) and northeastward 
r a the r  than the  normal southeastward 
flow a t  5 0 ° ~ ,  133'~. This northeast-  
ward t r anspor t  moved water towards the  
shore,  which resu l ted  i n  downwelling 
along the  coast  of southeastern Alaska 
and B r i t i s h  Columbia and caused a 
strengthening of the  nor ther ly  flow 
along t h e  coast .  Biological  impli- 
ca t ions  included a massive in t rus ion  of 
s a lps  i n t o  the  a rea .  Strong northward 
t ranspor t  occurred a t  5 7 O ~ ,  17Oow i n  
the Bering Sea. 

A t  the  two loca t ions ,  3g0N, 149OW 
and 2 7 O ~ ,  14Oow, t he re  was unusually 

s t rong southeastward t r anspor t  i n  
January-February 1978, and a t  27'~,  
14OoW, t h e  t ranspor t  was a l s o  :south- 
eastward rather than t h e  normal north- 
ward flow. These t r anspor t s  resu l ted  
from t h e  s t rong atmospheric c i r c u l a t i o n  
over t h e  eas t e rn  North P a c i f i c  during 
winter  1977-78. 

Transports  during spr ing  and 
summer 1978 were near  normal values  
with the  exception of s t r o q  of fshore  
t ranspor t  off  Cal i forn ia  (39 N,  128Ow) 
during May-July . 

During winter  1978-79 severa l  
l a rge  anomalous t r anspor t s  occurred. 
In  the  Gulf of Alaska (57ON, 140'~) 
t ranspor t  was southeastward i n  e a r l y  
winter  r a the r  than i n  t h e  usual  north- 
eastward d i r ec t ion .  Very s t rong north- 
ward t ranspor t  occurred a t  57ON, 14Oow 
i n  Februarj  1979. South of Kodiak 
(SOON, 153 W) s t rong southeastward 
t r anspor t  occurred i n  October and 
December. Off Cal i forn ia  (3g0N, 128'~) 
t he re  was s t rong southeastward t rans-  
po r t  i n  February 1979. 

Upwelling 

Bakun (1973) computed an index of 
coas t a l  upwelling using the  component 
of Ekman t ranspor t  normal t o  the  coast-  
l i n e  a t  15 loca t ions  along t h e  w e s t  
coas t  from t h e  Gulf of Alaska t o  Baja 
Cal i forn ia .  H i s to r i ca l  values  of up- 
wel l ing index a r e  presented i n  Figure 4 
f o r  the  period of record,  1946 t o  the  
present ,  a s  anomalies from the  long- 
term mean of the  reference period 
1948-67. This period i s  used f o r  var- 
ious  o ther  da ta  sets i n  t h i s  repor t  and 
a l s o  i s  used a s  a reference period by 
Fishing Information. Pos i t i ve  va lues  
of t he  index represent  upwelling, and 
negative values  represent  downwelling. 

----- 
3A. Bakun, Pac i f i c  Environmental Group, NMFS, Monterey, CA 93940. 

Values a r e  computed on a g r id  of 3 degrees of l a t i t u d e  and longi tude 
from da ta  of F l ee t  Numerical Oceanobraphy Center,  Monterey, CA 93940. 
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The area  of maximum upwelling 
along t h e  w e s t  coast  is centered near 
3g0N, 125OW (Bakun et a l .  1974), 
although numeric values  of t he  up- 
welling index a r e  higher off  southern 
Cal i forn ia  due t o  an e f f e c t  of coas ta l  
mountains (Bakun 1973). For the  s i x t h  
year  i n  a row, upwelling a t  125OW 
was genera l ly  above normal during 1978. 
I n  ea r ly  1979 upwelling ind ices  a t  
3g0N, 125OW were near  normal. 

Far ther  south a t  33'N, 11943, up- 
welling ind ices  have been near normal 
i n  recent  years ,  whereas a t  27O~,  
116Ow, values have been genera l ly  below 
normal. North of 3g0N upwelling is 
l e s s  important and downwelling i n  
winter  becomes dominant. A t  45ON, 
125OW and 57'N, 1 3 7 ' ~  upwelling ind ices  
in recent  years  have been variable,  but 
near normal values.  

Deta i l s  of the va r i a t ions  of 
upwelling ind ices  i n  1978 and e a r l y  
1979 a t  a l l  15 loca t ions  along t h e  
coast  a r e  presented i n  Figure 5. The 
da ta  are presented a s  pe rcen t i l e s  of 
occurrence of values  of upwelling index 
a t  t h a t  l oca t ion  over the  period of 
record (1946 t o  da te ) .  By taking per- 
c e n t i l e s  of t h e  values ,  t h e  da ta  are 
normalized and can be intercompared. 
Low percent i les  i nd ica t e  increased 
downwelling o r  decreased upwelling 
while high pe rcen t i l e s  i nd ica t e  
increased upwelling o r  decreased down- 
welling. 

Although upwelling ind ices  were 
genera l ly  high during 1978, a t  3g0N, 
125OW during January-March they were 
below normal and were unusually low 
from 30' t o  36'N. Extreme low index 
values occurred a t  3 6 ' ~ ~  122 '~  i n  
January and from 3 0 ' ~  t o  3 6 ' ~  i n  March. 
This was a case of predominant onshore 
t ranspor t  and downwelling during a 
period of l i g h t  o r  souther ly  winds 
associated with a p e r s i s t e n t  high- 
pressure system and drought condi t ions 
then occurring over Cal i forn ia .  The 
0118 hore t ranspor t  apparent ly  concen- 
t r a t e d  f i s h  l a rvae  near shore,  a s  w i l l  
be mentioned l a t e r .  

During May-July upwelling condi- 
t i ons  returned t o  more normal ranges. 
Upwelling was s t ronger  than normal 
nor th  of 51°N i n  June and north of 3g0N 
in J u l j .  Weak upwelling occurred from 
42'-54 N i n  August and September. Up- 
wel l ing ind ices  then returned t o  ab- 
normally high va lues  i n  October- 
December nor th  of 36'~. In tense  
upwelling condi t ions i n  Gulf of Alaska 
waters may have resu l ted  i n  anomalous 
offshore t ranspor t s  of f i s h  larvae.  
During December 1978 and e a r l y  1979 
onshore t ranspor t  again occurred off  
c e n t r a l  and southern Cal i fornia .  This 
was a s imi l a r  occurrence t o  t h a t  i n  
ea r ly  1978, but w a s  much less extreme. 

Extremely high upwelling ind ices  
were ca lcu la ted  a t  ZION, 107Ow through- 
out  the  period. Similar  high values 
occurred during 1977. Because the  high 
va lues  occurred only a t  t he  one loca- 
t i o n ,  2loN, 107Ow, and not t o  the  
north,  t h e  data appear quest ionable;  
t h e  cause is not known, but i t  may be 
due t o  a change i n  ana lys i s  procedures 
of the  sur face  pressure observations.  

Sea Level 

Long h i s t o r i c a l  records of t i d e  
height  a r e  ava i l ab le  f o r  many t i d e  gage 
s t a t i o n s  along the  coast .  Tide height  
is primari ly  a f f ec t ed  by astronomical 
f a c t o r s ,  but a l s o  by oceanographic and 
meteorological f a c t o r s  including var ia-  
t i ons  i n  speed of alongshore cur ren ts  
(Reid and Mantyla 1976). Most of t he  
t i d a l  e f f e c t s  a r e  r e l a t i v e l y  short-term 
and can be averaged out by making 
monthly means of the  hourly t i d e  height  
observations.  Meteorological and long- 
term (nodal) t i d e  e f f e c t s  can be com- 
pensated f o r ,  and thus t i d e  height  o r  
s e a - l e v e l  da t a  can be used t o  i n f e r  
changes i n  ocean c i rcu la t ion .  

Bretschneider and McLain (1979) 
presented monthly mean sea- leve l  da ta  
f o r  a series of s t a t i o n s  along the  west 
coas t  of North and South America from 
t h e  Aleutian I s lands  t o  Chile. They 
showed t h a t  anomalies of monthly mean 
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PERCENTILIZED MONTHLY UPUELLING INDICES 

1978 1979 
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Figure 5.--Monthly upwelling index values  f o r  January 1978-March 1979, i n  
p e r c e n t i l e s  of t he  frequency d i s t r i b u t i o n s  made up of t he  34 
values  f o r  each month and loca t ion  i n  the  34-year (1946-79) t i m e  
series. Locations in t he  Gulf of Alaska are toward the  top of t he  
f i g u r e ;  those  off Baja Ca l i fo rn ia  are toward the  bottom. The 
contour i n t e r v a l  is  25 percent i les .  Values above the  50th percen- 
t i l e  ind ica t e  s t ronger  than normal upwelling, while those below 
t h e  50th pe rcen t i l e  i nd ica t e  weaker than normal upwelling. 
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sea l e v e l  from a long-term mean are 
remarkedly coherent  i n  t i m e  and space. 
In  p a r t i c u l a r ,  they showed t h a t  per iods 
of high sea l e v e l  can be t raced south- 
ward along t h e  coas t  from .Alaska t o  
Chile and are assoc ia ted  wi th  above 
normal sea - su r face  temperatures along 
the  coas t  and wi th  E l  NiRo occurrences 
i n  the  Eastern t r o p i c a l  Pac i f i c .  

Some s e a - l e v e l  d a t a  are ava i l ab le  
f o r  t e s t  coas t  t i d e  s t a t i o n s  during 
1978. Anomalies of monthly means from 
the  long-term mean are presented i n  
Figure 6 f o r  f i v e  s t a t i o n s  with the  
most complete da t a  records.  Above 
normal sea  l e v e l s  occurred along the  
Ca l i fo rn ia  coas t  i n  1940-41, 1957-59, 
and 1972-73, as discussed by Bret- 
schneider  and McLain, and were associ-  
a t ed  with major E l  NiRo occurrences.  
The per iods of above normal sea l e v e l  
can be t raced northwards t o  Alaska but 
are obscured t h e r e  by e f f e c t s  of 
storms. 

I n  1976 t h e r e  was a minor E l  NiRo 
and h igh  sea l e v e l s  were observed a t  
Cal i forn ia  s t a t i o n s  i n  late 1976. High 
sea l e v e l s  a l s o  occurred i n  the  win ters  
of 1977-78 and 1978-79, probably as  a 
r e s u l t  of onshore wind-driven t rans-  
por t .  Data from t h e  northern s t a t i o n s ,  
p a r t i c u l a r l y  Yakutat, AK, are incom- 
p l e t e ,  but show low sea l e v e l s  i n  l a t e  
1978. Possibly higher  than normal 
l eve l s  ex is ted  i n  e a r l y  1978 i n  re- 
sponse t o  onshore t ranspor t .  

Sea-Surface Temperature 

Spa t i a l  Var ia t ions  - Analyzed maps 
of sea- su r face  temperatures (SST) and 
t h e i r  anomalies from a long-term 

monthly mean are published monthly i n  
F i sh ing  Information and are not  
reproduced here. ( a l s o  see Appendix3 
These maps showed t h a t  a l a rge  pool of 
coo le r  than normal water formed i n  the  
nor theas te rn  P a c i f i c  during late 1977 
and pe r s i s t ed  i n t o  1978. I n  e a r l y  1978 
t h e  pool was loca ted  a t  35'-40'~, 14Oow 
t o  180°, and was bordered on the  east 
and nor th  by a coas t a l  s t r i p  of warmer 
than normal water. By May the  pool had 
expanded northward t o  the  Alaska coas t  
and by August i t  reached eastward t o  
the  Ca l i fo rn ia  coast .  Breakup of the  
anomaly p a t t e r n  then began, and by 
December a warmer than normal pool 
occupied the  c e n t r a l  po r t ion  of t he  
nor theas te rn  Pac i f i c  surrounded by 
coo le r  than normal water.  This genera l  
p a t t e r n  pe r s i s t ed  through March 1979. 

Temporal Var ia t ions  - Johnson e t  
a l .  (1976, 1978) presented t i m e  series 
p l o t s  of SST €or  se lec ted  5-degree 
squares  of l a t i t u d e  and longi tude i n  
the  North Pac i f i c .  These squares ,  
ca l l ed  Index S ta t ions ,  were chosen 
because of a r e l a t i v e l y  l a r g e  number of 
ava i l ab le  s h i p  weather observat ions.  
Johnson e t  a l .  chose 10 such areas 
along t h e  coas t  of t he  nor theas t  
P a c i f i c  from the  c e n t r a l  Aleut ian 
I s lands  t o  Equador (Table 1) .  Time 
s e r i e s  of SST f o r  these a r e a s  f o r  1931- 
79 a r e  shown i n  Figures 7 and 8 as  
anomalies from a long-term mean 
(1948-67).5 Because of t he  s c a r c i t y  of 
SST da ta  from the  Bering Sea, a i r  t e m -  
pera ture  da ta6  from S t .  Paul ,  P r ib i lo f  
I s l ands ,  a r e  a l s o  a l s o  included i n  
Figure 7. De ta i l s  of f l uc tua t ions  of 
SST along t h e  coas t  a r e  discussed 
later.  

SST's along the  coast  of North and 

4Provided by J. R. Hubbard, Tides  and Water Levels Divis ion,  National 
Ocean Survey, NOAA, Rockvi l le ,  MD 20852. Recent da t a  are provis iona l  
and are based on prel iminary datums. The time s e r i e s  of monthly mean 
sea  l e v e l s  have been detrended t o  e l imina te  long-term t r ends ,  and 
corrected f o r  t h e  inverse  barometer e f f e c t  of atmospheric pressare .  
The 19-year per iod 1949-67 w a s  used as a long-term mean f o r  sea  l e v e l  
t o  co r rec t  f o r  nodal t i d e  e f f e c t s  (Bretschneider  and McLain 1979). 
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Central  America have shown similar 
va r i a t ions  with t i m e  along extensive 
s t r e t c h e s  of coas t .  Temperatures i n  
the  e a r l y  1940's and during 1958-59 
were above normal over most of the  
coast ,  while temperatures i n  the  e a r l y  
1930's, l a te  1940's, 1955-56, 1970-71, 
and 1974-75 were below normal i n  most 
areas .  The years  1972-73 and 1976 had 
above normal temperatures along the  
Central  American coas t  i n  a s soc ia t ion  
with recent  E l  NiRo occurrences,but had 
near o r  below normal temperatures i n  
the northern a reas .  

A prolonged per iod of below normal 
SST i n  the  Bering Sea and Gulf of 
Alaska during 1971-76 was broken i n  

1977, and temperatures along the  coas t  
have been near  o r  above normal s ince  
then. I n  e a r l y  1977 a i r  temperature a t  
S t .  Paul I s land  and SST from the  
Aleutians (square 198-1) t o  Washington 
(square 157-4) became near  o r  warmer 
than normal. Off Ca l i fo rn ia ,  SST's 
remained genera l ly  below normal except 
f o r  near normal temperatures off 
c e n t r a l  Cal i forn ia  (121-3) and above 
normal off southern Ca l i fo rn ia  (120-3) 
i n  the  win ter  of 1976-77 and i n  e a r l y  
1978. This p a t t e r n  continued t o  the  
south of f  Cent ra l  America wi th  above 
normal temperatures i n  win ter  1976-77 
and e a r l y  1978. Off Ecuador (square 
308-l), SST's have been near  normal 
s i n c e  1977. 

Table l---Locations of Index Sta t ions  f o r  time series of sea-surface 
temperature da t a  along t h e  coas t  of t he  nor theas t  P a c i f i c  
Ocean. 

Location 
Marsden 

Lat i tude Longitude 5' square 

Central  Aleut ians  
Unimak Pass 
Gulf of Alaska 
Off Washington 
Off Central  Ca l i fo rn ia  
Off Southern Ca l i fo rn ia  
Off Central  Mexico 
Off E l  Salvador 
Off Colombia 
Off Ecuador 

5 0°-550N 
50O-55'~ 
55O-60'~ 
4 5O-50'~ 
35'-40°~ 
30°-350N 
20°-25'N 
10°-150~ 
0'- 5'N 
oo- 5OS 

170'-17 5OW 
160°-1650w 
140°-1450W 
1 2 5'- 1 3Oow 
1 20°-1250w 

105°-1100w 
115°-1200w 

goo- 95OW 
80'- 85OW 
80'- 85OW 

198-1 
197-1 
195-3 
157-4 
12 1-3 
120-2 
83-2 
46-1 

9-1 
308-1 

----- 
5Monthly means of merchant sh ip  i n j e c t i o n  sur face  temperatures made by 

the  Pac i f i c  Environmental Group, NMFS, Monterey, CA 93940. Means by 
5-degree squares  are means of four  submeans by 1-degree squares  t o  
reduce s p a t i a l  b i a s  e f f e c t s .  Data of 1931-71 are from Marine Deck 
(TDF-ll), National C l i m a t i c  Center,  EDIS, Ashevi l le ,  NC 28801, and 
da ta  1972-79 are from weather r epor t s  received by F lee t  Numerical 
Oceanography Center,  Monterey, CA 93940. 

NC 28801. 
'Local c l imato logica l  da ta .  National C l i m a t i c  Center,  EDIS, Ashevi l le ,  
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REGIONAL CONDITIONS 

Eastern Bering Sea 

Surface Pressure - Pers i s tence  of 
a deep Aleut ian low sur face  atmospheric 
pressure  system south of t he  Alaska 
Peninsula during winter  1977-78 
r e su l t ed  i n  s t rong  e a s t e r l y  winds over 
t he  e a s t e r n  Bering Sea during January,  
February, and even March 1978. Winds 
weakened i n  the  spr ing t r a n s i t i o n  
per iod ,  becoming sou theas t e r ly  during 
Apri l  and no r theas t e r ly  during May. A 
major s h i f t  t o  wester ly  wind ve loc i ty  
components occurred i n  June with 
gene ra l ly  southwesterly summer winds 
s h i f t i n g  t o  weak wester ly  winds by 
September. The Aleutian low reformed 
a t  the  normal t i m e ,  i n  October, over 
t he  Gulf of Alaska, but i t s  cen te r  was 
sh i f t ed  s l i g h t l y  westward towards the  
B r i s t o l  Bay area, br inging stroilg 
e a s t e r l y  t o  no r theas t e r ly  winds over 
much of t he  Bering Sea coas t .  The low 
s h i f t e d  f a r  i n t o  the  western Bering Sea 
i n  November, and remained the re  through 
January 1979, bringing anomalous warm- 
ing  with the  assoc ia ted  s t rong ,  
p e r s i s t e n t ,  moist  southwesterly winds 
con t r a s t ing  markedly with the  cool ,  dry 
cont inenta l  e a s t e r l i e s  of t he  previous 
year.  I n  February 1979 t h e  low divided 
i n t o  a s p l i t  system which brought a 
r e tu rn  of e a s t e r l y  winds reminiscent of 
condi t ions  i n  e a r l y  1978. 

- Ice - The ex ten t  of i c e  cover i n  
winter  and the  timing of t he  ice 
breakup i n  spr ing can be determined 
from in f ra red  images from o rb i t i ng  
s a t e l l i t e s .  Weekly c h a r t s  of i c e  
d i s t r i b u t i o n  issued by the  U.S. Navy 
and t h e  National Environmental Satel- 
l i t e  Service,  NOAA, provide information 
on ice condi t ions i n  the  eas t e rn  Bering 
Sea. A graphica l  representa t ion  of the  
mid-month pos i t ions  of t he  i c e  edge for 
the  ice seasons of 1977-78 and 1978-79 
is shown i n  Figure 9. For comparison, 
t he  pos i t i on  of maximum ice exten t  
during t h e  previous season (Apri l  1977) 
is  a l s o  shown. 

Overal l ,  t h e  t rend of decreasing 
i c e  cover observed i n  recent years con- 
t inued ,  progressing from above normal 
ice cover i n  1976 t o  below normal 
coverage i n  1979. Same d i f f e rences  i n  
ice development were evident  compared 
t o  last  year.  The very rapid northward 
retreat  of t he  ice edge i n  l a te  spr ing 
(May-June) 1978 was followed by a very 
slow ice  advance i n  autumn 1978. This 
was apparent i n  the  one-month delay,  
November vs. December, i n  t he  southward 
advance of ice through Bering S t r a i t  t o  
St .  Lawrence Is land.  In  add i t ion  t o  
the  delay,  t h e  December 1978 ice ex ten t  
was much less than i n  1977, and similar 
cond i t ions pe rs is t ed through January 
1979. An abrupt  advance of t he  ice 
edge occurred i n  February 1979 when i t  
a t t a ined  the  same pos i t ion  as i n  
February 1978. However, i n  B r i s t o l  Bay 
the  seaward ex ten t  of i c e  exceeded t h a t  
of t he  e n t i r e  previous year  even though 
it was apparent ly  short- l ived.  

Temperature - A i r  temperatures 
over the  eas t e rn  Bering Sea r e f l ec t ed  
the  warming t rend observed s ince  1977. 
Whereas unusually cold condi t ions had 
occurred during the  period 1971-76, 
with two p a i r s  of adjacent  severe 
winters  (1970-71, 1971-72 and 1974-75, 
i975-76), recent  condi t ions have been 
unusually warm. The warm condi t ions 
resu l ted  from t h e  predominantly south- 
e r l y  geostrophic  winds observed over 
the  area during much of the  year.  
Large pos i t i ve  anomalies occurred i n  
l a t e  1978 and p a r t i c u l a r l y  i n  e a r l y  
1979 due t o  the  e a r l y  s h i f t  of t he  
center  of t he  Aleut ian low t o  the  west 
and i t s  pe r s i s t ence  the re  fo r  seve ra l  
months. A t  St .  Paul I s l and ,  P r ib i lo f  
I s lands ,  a i r  temperatures (Fig. 7) were 
above normal i n  a l l  but four  months 
during January 1977-May 1979 and 2.0°C 
o r  more above normal i n  15 out  of the  
29 months of t h e  period. The year  1979 
w i l l  apparent ly  be very warm on t he  
average as a i r  temperatures during 
January-May a t  St.  Paul were 3.4O-4.7'~ 
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above normal. 

Sea sur face  temperature da t a  from 
the a rea  show t rends  s imi l a r  t o  the  a i r  
temperatures. A t  square 197-1 (Fig. 7 )  
SST's were above normal during most 
months of the  period June 1977-March 
1979, although in con t ra s t  t o  t he  St .  
Paul a i r  temperatures,  S S Y s  were 
warmest in 1977 and more moderate, but 
s t i l l  above normal during 1978 and 
e a r l y  1979. 

Bottom temperatures from t h e  a rea  
d id  not show as c l e a r  a t rend.  Bottom 
temperatures i n  1978 indicated the  
outer  she l f  a rea  near the  P r ib i lo f  
I s lands  t o  be about l 0 C  warmer than i n  
1977 and t h e  inner  shelf  a r ea  (near  
57'30'N, 163OW) t o  be about 1°-2C0 
colder  than in 1977. Although da ta  f o r  
1979 a r e  not ye t  ava i l ab le ,  t h e  ex ten t  
and general  wind condi t ions indicated 
t h a t  t he  bottom temperatures in 1979 
w i l l  be anomalously warm and similar t o  
1978. 

The timing and loca t ion  of her r ing  
spawning i n  B r i s t o l  Bay may be r e l a t ed  
t o  wa er temperatures and ice condi- 
t i o n s >  Cold condi t ions t h a t  ex is ted  
in spring 1976 were associated with a 
s h i f t  of some her r ing  spawning from the  
north shore t o  the  south shore of 
B r i s t o l  Bay. Warm condi t ions in e a r l y  
1979 caused her r ing  spawning t o  be up 
t o  two weeks e a r l y ,  commencing i n  mid- 
Apri l  along the  nor th  shore of the  bay. 

Northward s h i f t s  in the  d i s t r ibu -  

t i o n  of herr ing and shrimp may a l s o  
occur over t he  shelf  near t he  Pr ib i lof  
Is lands in response t o  mild temperature 
conditions.  In an area  near the  
P r i b i l o f s  normally f ished by foreign 
t rawlers  i n  win ter ,  a survey by the 
Northwest and Alaska F i she r i e s  Center 
in March 1978 found only t r ace  quanti- 
t i es  of herr ing.  The absence of 
herr ing was explained by a northward 
s h i f t  i n  t he  d i s t r i b u t i o n  of s tocks 
a s soc i  ted with warm water tempera- 
tures.' A s imi l a r  survey €or shrimp in 
June and e a r l y  Ju ly  1978 i n  the  same 
region found only low shrimp concentra- 
t i o n s  i n  regions of normally s i g n i f i -  
cant  abundance. Relat ively high 
catches were made only along the  north- 
w e s t  edge of t he  survey area.  9 

Other species were probably 
a f f ec t ed  by the recent  mild co i t i o n s  
a s  w e l l .  S t r a ty  and Jaenicke" found 
f a s t e r  growth rates of juveni le  Br i s to l  
Bay sockeye salmon i n  a warm year ,  
1967, than a cold year ,  1971. Possibly 
mor ta l i ty  of sockeye due t o  predation 
was higher in 1971 than 1967 due t o  the  
slower growth rates. Also cold condi- 
t i ons  in 1971 and 1972 may have caused 
t h e  1971 seaward migrants t o  remain an 
ex t r a  year  a t  sea.  Warm condi t ions i n  
recent  years  thus may r e s u l t  in rapid 
growth and low mor ta l i ty  of sockeye. 
The recent  mild condi t ions may also 
r e s u l t  in s t ronger  year  c l a s ses  of 
var ious flounders (such a s  yellowfin 
s o l e ,  rock so 17, f la thead  s o l e ,  and 
Alaska p l a i ce ) .  

----e 

7Reported on page 25 of t he  Monthly Report f o r  April  1979, Northwest 

8Reported on page 27 of the  Monthly Report f o r  March 1978, Northwest 

'Reported on page 25 of t he  Monthly Report f o r  Ju ly  1978, Northwest 

and Alaska F i she r i e s  Center,  NMFS, S e a t t l e ,  WA 98112. 

and Alaska F i she r i e s  Center,  NMFS, S e a t t l e ,  WA 98112. 

and Alaska F isher ies  Center,  NMFS, S e a t t l e ,  WA 98112. 

temperature,  and food on the  behavior,  growth, and dynamics of 
B r i s t o l  Bay sockeye salmon. Unpublished manuscript. Northwest 
and Alaska F isher ies  Center,  NMFS, S e a t t l e ,  WA 98112. 

Northwest and Alaska Fisher ies  Center, NMFS, S e a t t l e ,  WA 98112. 

"Straty,  R. R., and H. W. Jaenicke.  Estuar ine inf luence of s a l i n i t y ,  

"Reported on pages 25-27 of the  Monthly Report f o r  March, 1978, 



2 2  

P a c i f i c  cod and Alaska pollock 
move onto the  inner  cont inenta l  shelf  
i n  the  eas t e rn  Bering Sea i n  summer 
months. During cold years ,  however, 
t h i s  movement is normally much less 
than during years  wi th  warmer temper- 
a t u r e s  (see footnote  11). Recent mild 
conditions would probably increase  t h i s  
inshore migration. 

Runoff - The discharge of both the  
Yukon and Kuskokwim Rivers (Fig.  10) 
has a s t rong seasonal  cycle  wi th  
maximum discharge i n  summer (peaking i n  
June) due t o  snow and ice m e l t ,  and 
minimum discharge i n  win ter  due t o  
f reezeup of the  watersheds. The pulse  
of summer discharge has  been below 
normal i n  recent years ,  p a r t i c u l a r l y  
during 1974, 1976, and 1978. Although 
numerical da t a  are not ye t  ava i l ab le  
f o r  winter  1978-79, discharge during 
t h i s  period i s  repor ted ly  about 10% 
grea te r  than the  previous year .  
Discharge of t he  Kvichak River ,  which 
i s  much more p e r s i s t e n t  i n  t i m e  than 
t h a t  of the  Yukon o r  Kuskokwim Rivers 
due t o  the  s t a b i l i z i n g  e f f e c t s  of l akes  
i n  the  watershed, w a s  a l s o  below normal 
i n  1974, 1976, and 1978. 

Aleut ian I s lands  t o  Icy Bay 

I ce  - Ice condi t ions i n  Pr ince 
W i l l i T S o u n d  and Cook I n l e t  were mild 
i n  both winters  1977-78 and 1978-79, 
and most bays were i c e  f r e e  by March of 
each year.  

Temperature - Anomalies of sea 
sur face  temperatures along the  south- 
west coast  of Alaska are presented as 
time-distance mat r ices  i n  Figure 11. 
In  Marsden 5' square 197-1 (Fig. 7)  
south of the  Peninsula,  SST's had been 
below normal during 1971 t o  1976 with 
the exception of f a l l  1974. Tempera- 
t u r e s  became anomalously warm i n  summer 
and f a l l  1977 and have been more near ly  
normal s ince  then. Far ther  east a t  the  
head of the  Gulf of Alaska (square 
195-3, Fig. 7 )  SST's were genera l ly  
similar, but were s l i g h t l y  below normal 
i n  1978 and 1979. 

During January-May 1978 SST's from 
Unimak Pas6 t o  Kodiak Is land (Fig.  11) 
were above normal, became below normal 
during summer and e a r l y  f a l l  1978, and 
were mixed the  remainder of t he  period. 
SST's off Pr ince W i l l i a m  Sound were 
colder  than normal throughout 1978 and 
e a r l y  1979 as indicated a t  square 
195-3. 

Although h i s t o r i c a l  bottom temper- 
a t u r e  da t a  are sparse  f o r  t h i s  area, i t  
is poss ib le  t o  compare bottom tempera- 
t u r e  regimes f o r  t he  mid-shelf (about 
50-150 m depth) near  Kodiak I s land  f o r  
the  period l a t e  winter-early spr ing  f o r  
t h ree  consecutive years :  1976, 1977, 
and 1978 (using da ta  co l l ec t ed  on 
OSCEAP c r u i s e s )  and a l s o  during the  
cold year  1972 (from a NWAFC cru ise) .  
Bottom temperatures of about 2OC 
occurred off Kodiak Is land i n  May 1972, 
*ereas mid-shelf temperatures i n  1976, 
1977, and 1978 were 2O-3OC warmer 
(3.7OC, 5.7OC, and 4.5OC, respec- 
t i ve ly ) .  It is i n t e r e s t i n g  t o  note  
t h a t  during the  warm year ,  1977, t h e  
permanent subsurface 5Oc temperature 
maximum a t  about 250 m, assoc ia ted  with 
w a r m  westward advection i n  the  Alaskan 
Stream j u s t  seaward of t he  she l f  break, 
was not c l e a r l y  d i sce rn ib l e  f o r  the  
f i r s t  t i m e  . 

Runoff - Several r i v e r s  flow i n t o  
Cook I n l e t ,  and the  r e su l t i ng  d i l u t e  
sur face  water  flows southwestward 
through Shelikof S t r a i t ,  no r th  of 
Afognak and Kodiak Is lands.  However, 
t he  major r i v e r  discharge a t  the  head 
of t he  Gulf of Alaska i s  from the  
Copper River. Like the  Yukon and 
Kuskokwim, t h e  Copper River has a 
s t rong seasonal  cycle with minimum 
discharge i n  win ter  and maximum 
discharge i n  summer, peaking i n  Ju ly  
(Fig.  10). A t  t he  time of t h i s  
wr i t i ng ,  da t a  were ava i l ab le  only 
through September 1978 and indica ted  
above normal discharge i n  1978. 

S a l i n i t y  - Further  information on 
the  sur face  s a l i n i t y  minima area 
reported las t  year f o r  1977 (McLain 
e t  a l .  1979) i s  now ava i l ab le  f o r  l a t e  
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Figure 11.--Time-space matrix f o r  January 1978-March 1979 of anomaly of sea- 
surf ace temperature (lower) i n  degrees Cels ius  from the  long-term 
mean reference period 1948-67 f o r  a l i n e  of 1-degree squares along 
t h e  coas t  from t h e  Aleut ian Is lands t o  Ice Bay ( loca t ions  shown i n  
upper l e f t ) .  The long-term mean temperature values are shown i n  
upper r i g h t  and 'are  based on da ta  from t h e  National C l i m a t i c  
Center,  EDIS, Ashevl l le ,  NC 28801. 
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l2  A marked seaward ene- summer 1978. 
t r a t i o n  of a l cw-sa l in i ty  (31.6 /oo) 
plume from t h e  Copper River area 
(Fig. 12) extending 80 km south of t he  
she l f  break w e l l  i n t o  the  oceanic 
regime of h igh-  s a l i n i t y  (>32.6O/oo) 
water was discovered. The seaward 
terminus of the  plume re f l ec t ed  an 
anomalous eastward movement near the  
o r ig in  of the  westward flowing boundary 
cu r ren t ,  t h e  Alaskan Stream. It is  now 
evident  t h a t  two sources of d i l u t i o n ,  
t h e  Copper River i n  the  northern Gulf 
and a tongue of low-sal ini ty  water from 
i n  the  eas t e rn  Gulf,  can cont r ibu te  on 
a year-round basis t o  an anomalous off-  
shore s a l i n i t y  minima area  e a s t  of 
Kodiak Is land (Ingraham 1979). Thus 
considerable  complexity i n  sur face  flow 
is implied by the  sur face  s a l i n i t y  
d i s t r i b u t i o n s  of 1977 and 1978. This 
may have considerable  inf luence on the  
v a r i a b i l i t y  of the  t ranspor t  of 
ichthyoplankton, p a r t i c u l a r l y  ha l ibu t  
l a rvae ,  as w e l l  a s  on the  seaward 
migration path of salmon smolts from 
southeast  Alaska, B r i t i s h  Columbia, 
Washington, and Oregon. 

8 

Icy Bay t o  S t r a i t  of Juan de Fuca 

Temperature - Sea-surf ace tempera- 
t u re s  along the  coast  of southeast  
Alaska and B r i t i s h  Columbia (square 
157-4; Fig. 7)  were below normal from 
mid-1970 u n t i l  mid-1976 (except f o r  
f a l l  1974), warmer than normal during 
e a r l y  1977 and e a r l y  1978, and colder  
than normal i n  e a r l y  1979. SST's 
p lo t ted  as time-distance matr ices  (Fig. 
13) r e f l ec t ed  the  same pa t t e rn  i n  1978 
but i n  g r e a t e r  d e t a i l :  warmer than 
normal i n  e a r l y  1978, mixed u n t i l  
October, and co lder  than normal during 
November 1978-March 1979 ( p a r t i c u l a r l y  
a t  the  southern end of the  a rea  off  

Vancouver Is land) .  

Related bottom temperature da ta  
a r e  sparse,  but Douglas and Wickett 
(1978) found bottom temperatures up t o  
about 2Oc above normal off  Vancouver 
Is land during a groundfish survey in 
e a r l y  March 1978. SST's a t  t h a t  t i m e  
and loca t ion  were about 0.8OC above 
normal (Fig.  13). 

Surface and subsurface temperature 
da t a  i n  the  in s ide  passages of south- 
eas t e rn  Alaska during winter  a r e  avai l -  
ab l e  f o r  the  last th ree  years from ex- 
pendable bathythermograph (XBT) obeer- 
va t ions  a t  13 s t a t i o n s  f r q 3  Dixon 
Entrance northwards t o  Juneau. Telll- 
pera tures  a t  t he  southern s t a t i o n s  of 
the series a r e  normally higher  both a t  
the  sur face  (Fig.  14a) and a t  90 m 
depth (Fig. 14b) than those a t  the  
northern s t a t ions .  This i s  cons is ten t  
with pas t  SST's taken a t  Coast Guard 
l ighthouses  during t h e  period 1959-74. 
Monthly mean SST data  a r e  not ava i l ab le  
from t h e  l ighthouses  f o r  the  1977-79 
period; however, t h e  1979 XBT surface 
temperature observations a r e  i n  the 
lowest 20 of observations from other  
ava i lab le  SST data  sources f o r  late 
January-early February. The cooling 
trend of the past  two years  i s  
r e f l ec t ed  i n  the  l a t e  winter  tempera- 
t u re s  taken a t  90 m a t  t he  13 s t a t i o n s  
where the  1977 temperatures averaged 
0.7OC higher  than those i n  1978 and the  
1979 temperatures averaged 1.5 '~ lower. 

S a l i n i t y  - Measurements of sur face  
s a l i n i t y  were made off  t he  coast  from 
Icy Bay t o  southeastern Alaska,  during 
summer 1977 by the  Pol i sh  research 
v e s s e l ,  Professor  S ied lecki ,  and during 
summer 1978 by the  NOAA research 
vesse l s ,  Miller Freeman and Oceanog- 
rapher. The d i s t r i b u t i o n s  of sur face  

12Cruise No. 78-03, RV Miller Freeman, Northwest and Alaska Fish- 
eries Center,  NMFS, S e a t t l e ,  WA 98112. 

13XBT observat ions made from RV John N. Cobb and provided by R. R. 
S t r a t y ,  Northwest and Alaska F isher ies  Center,  NMFS, Auke Bay, 
AK 99821. 
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Figure 13. --Time-space matr ix  f o r  January 1978-March 1979 of anomaly of sea- 
sur face  temperature (lower) i n  degrees Cels ius  from t h e  long-term 
mean reference period 1948-67 f o r  a l i n e  of 1-degree squares along 
t h e  coast  from Icy Bay t o  the  S t r a i t  of Juan de Fuca ( loca t ions  
shown i n  upper l e f t ) .  The long-term mean temperature values are 
shown i n  upper r i g h t  and a r e  based on data  from t h e  National 
Climatic Center,  EDIS, Asheville,  NC 28801. 



28 

Freckrich Dixon 

I I 
I I I I I I 

Clamnu Strait Sound , StephensParup. - Entrance 

0 I I I I I 
8 10 12 

1 
2 4 6 Stations 

S E. Alaska Sea Tern 
ism Winmr 1977. $ 
Tree Point to Taku Inlet - 90 memn. 

ratllre 

t 1978 

1.66 m tamp.rmwe, 1978 

3. SUSPUtNJ errors, 1978 
2. sutpcad ewor,. 1977 

0 1 I I I I I I I I I I 
6 8 10 12 

I 
2 4 

Stations 

Figure 14.--a. Sea-surface temperature i n  degrees Ce l s ius  f o r  l a t e  winter 1977, 
1978, and 1979 from Tree Point t o  Taku I n l e t ,  Alaska (upper). 
b. Temperature at 90 m i n  degrees Ce l s ius  f o r  l a t e  winter 1977 and 
1978, and a t  65 m depth i n  1978 from Tree Point to Taku I n l e t  (lower). 
Figures supplied by J. Ingraham, Northwest F i sher ie s  Center, NMFS, 
S e a t t l e ,  WA 98112. 
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s a l i n i t y  ind ica ted  t h a t ,  no r th  of 58'N, 
t h e  t rend of the  i soha l ines  was north- 
wester ly  and p a r a l l e l  t o  the  shore l ine ,  
apparent ly  r e f l e c t i n g  longshore proc- 
esses i n  the  absence of major f resh-  
water sources.  South of 5 8 ' ~  tongues 
of d i l u t e  water (<32.0°/oo) extended 
about 100 km seaward near l o c a l  sources 
of runoff.  The major f e a t u r e ,  reported 
f o r  the  f i r s t  t i m e  i n  1977 and again 
evident i n  1978, was the  b i fu rca t ion  i n  
coas t a l  f low near  58ON. This bifurca-  
t i o n  was evident  a s  a tongue of low- 
s a l i n i t y  (<32.0°/oo) water point ing 
toward t h e  northwest i n  1977, but i n  
1978 the  major tongue had a s a l i n i t y  of 
about 0.2°/00 higher  and the  a x i s  of 
the  tongue trended more perpendicular  
t o  shore i n  a westward t o  southwestward 
d i r ec t ion  (Fig. 12). Near 55'N a wide 
band of water with a s a l i n i t y  less than 
32.4OIoo suggested t h a t  t he  ex ten t  of 
the major e f f e c t s  of coas t a l  d i l u t i o n  
was about 100 km f a r t h e r  seaward i n  
1978 (142OW). True oceanic s a l i n i t i e s  
of 32.6'/00 were not encountered u n t i l  
near ly  mid-Gulf (about 144OW) during 
both years.  

Coastal  Ci rcu la t ion  - As has been 
mentioned, i n  l a t e  1977 and e a r l y  1978 
onshore Ekman t ranspor t  was s t ronger  
and more toward the  nor theas t  than 
normal along t h e  coas t  of southeastern 
Alaska and B r i t i s h  Columbia. A s  a 
r e s u l t ,  t h e  northward flow of the  Gulf 
of Alaska Gyre was i n t e n s i f i e d  and 
SST's were above normal. Douglas and 
Wickett (1978) a t t r i b u t e d  the  above 
normal bottom temperatures of f  Vancou- 
ver  Is land i n  e a r l y  1978 t o  s t ronger  
than normal onshore Ekman t ranspor t  of 
warm sur face  waters from t h e  southwest 
with convergence and s inking of sur face  

water a t  the  coast .  

Numerous unusual b io logica l  events  
were observed i n  the  a rea ,  although 
t h e i r  r e l a t i o n  t o  the  onshore t ranspor t  
is as ye t  poorly understood. These 
included f a i l u r e  of the  acorn barnacle ,  
Balanus car iosus ,  t o  se t t le  during i t s  
normal win ter  s e t t l i n g  season; accen- 
tua ted  se t t lement  and growth of two 
o ther  barnacle spec ies  during the  
winter  months (both of these  spec ies  
usua l ly  are most vigorous during a 
July-October i n t e r v a l ) ;  accentuated 
a l g a l  growth on the  shore (diatoms 
e spec ia l ly ,  but a l s o  and Nereo- 
c y s t i s ) ;  a massive incursion,  on shore,  
of s a l p s  i n  unheard of quant i ty;  
numerous comments by fishermen of blue 
sharks  i n  very c lose  t o  shore and i n  
unusual abundance; and f i n a l l y ,  un- 
usua l ly  few l p p a n e s e  g l a s s  f l o a t s  
coming ashore.  

15 
confirm t h e  massive in t rus ion  of s a lps  
off southeastern Alaska i n  summer 1978 
and a l s o  t h e  occurrence then of saury 
and sea  t u r t l e s  ( leatherbacks) .  Both 
of t he  l a t t e r  spec ies  normally occur i n  
of fshore  waters t o  the  south and thus 
may have been t ransported t o  coas t a l  
waters of southwestern Alaska by 
anomalo northward, onshore t ranspor t .  
WickettYg suggested t h a t  " the e a r l y  
s t rong Ekman t ranspor t  t o  t he  nor theas t  
is assoc ia ted  with the  unprecedented 
l a rge  percentage (70 ) of adu l t  Fraser  
River sockeye t h a t  returned t o  the  
r i v e r  through Queen Char lo t te  S t r a i t  
ins tead  of using t h e  S t r a i t s  of Juan de 
mca." P a r t  of the  mechanism is 
believed t o  be a northern displacement 
of a plume of low-sa l in i ty  water from 

Reports from salmon t r o l l e r s  

----- 
14These observat ions were made by D r .  R. T. Paine and h i s  graduate 

s tudents  of t he  Department of Zoology, Universi ty  of Washington, 
S e a t t l e ,  WA 98195, a t  a s i t e  near  t he  t i p  of t he  Olympic Peninsula 
i n  Washington and a t  Glacier Bay, Alaska (Lasker 1978). 

"B. L. Wing, Northwest and Alaska F i she r i e s  Center,  NMFS, Auke Bay, 
AK 99821. Personal communication. 

16P. Wickett. 
Canada. Personal communication. 

Pac i f i c  Biological  S t a t ion ,  Nanaimo, BC V9R 5K6, 
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Queen Charlot te  Sound ( c f .  Fig. 12). 
The herr ing roe f i she ry  i n  Barkley 
Sound j u s t  inshore of the  survey area  
reported on by Douglas and Wickett 
(1978) was disrupted by the  unusual 
behaviour of t he  f i s h  which spawned a t  
g rea t e r  than normal depths." 

Adult pink salmon re tu rns  t o  
L i t t l e  Port  Walter Bay, Baranof I s land ,  
i n  southeastern Alaska i n  1978 had an 
unusually high ocean surv iva l  (Herd 
1979). However, t h i s  was probably more 
re la ted  t o  condi t ions i n  1977 when 
salmon f r y  entered the  ocean than i n  
1978 when the  a d u l t s  returned. 

S t r a i t  of Juan de Fuca t o  Gulf of 
Cal i forn ia  

Temperature - Anomalies of sea- 
sur face  temperature along t h e  west 
coas t  of the  United S ta t e s  had somewhat 
s imi l a r  t rends as i n  a reas  t o  the  
north.  A t  square 121-3 (Fig. 7)  off  
c e n t r a l  Cal i forn ia ,  SST's have been 
below normal almost continuously s ince  
mid-1970 with  shor t  above normal 
periods i n  mid-1977 and e a r l y  1978. A t  
squares 120-2 off  southern Cal i forn ia  
and 83-2 off  the  Gulf of Ca l i fo rn ia ,  
t he  basic  p a t t e r n  of v a r i a t i o n  was 
s imi l a r  t o  t h a t  a t  square 121-3 except 
t h a t  i t  was sh i f t ed  t o  s l i g h t l y  more 
pos i t i ve  anomalies. Thus a t  squares 
120-2 -and 83-2, SST's were below normal 
i n  e a r l y  1971 and 1972 and again i n  
1973 and 1975, above normal i n  l a t e  
1976 and e a r l y  1978, and near normal 
values i n  l a t e  1979. 

Figures 15 and 16 give more 
d e t a i l s  on SST v a r i a t i o n s  along t h e  
coast  during 1978 and e a r l y  1979. 
Along t h e  Cal i forn ia  coas t ,  nor th  of 
Point  Conception (34O-40'~; Fig. 15) 
SST's were anomalously warm during 
e a r l y  1978 during the  period of extreme 
low upwelling, but f e l l  t o  below normal 

l e v e l s .  i n  June. Far ther  nor th  (41'- 
48'~) t he  above normal SST's per s i s t ed  
u n t i l  November when anomalous cooling 
became evident.  SST's were uniformly 
below normal during winter  1978-79 and 
t h e  anomalies were genera l ly  negat ive 
by lo-2OC. By March 1979 SST's 
returned t o  normal values.  

Along t h e  coas t  of southern Cali- 
fo rn ia  and Baja Cal i forn ia  (Fig. 16), 
t h e  f luc tua t ions  of SST were similar t o  
those observed t o  the  north.  Above 
normal SST's occurred i n  e a r l y  1978 and 
pe r s i s t ed  u n t i l  summer and e a r l y  f a l l  
when anomalous cooling occurred. SST's 
were below normal off  Baja Cal i forn ia  
i n  f a l l  and i n t o  winter  1978-79, but 
were again near  normal i n  March 1979. 

Runoff - Maximum mean fgnth ly  run- 
off of the  Columbia River i n t o  the  
ocean normally occurs i n  June and 
minimum discharge normally occurs i n  
September. However, t h e  seasonal  var- 
i a t i o n  of runoff can vary markedly from 
year t o  year.  For example, i n  1977 
minimum monthly mean discharge occurred 
i n  Ju ly  (McLain e t  a l .  1979) and the  
maximum (roughly four  times the  
minimum) occurred i n  December. These 
va r i a t ions  were caused by drought 
during most of 1977 and heavy 
p rec ip i t a t ion  i n  winter  1977-78. 

Conditions i n  1978 indica ted  a 
re turn  t o  more normal t rends with some 
exceptions. Above normal runoff con- 
t inued through March 1978 (Fig. 10). 
The maximum discharge occurred i n  May 
1978, r a t h e r  than June, and the  June 
discharge was near ly  50 less than 
normal. 

Coastal  Ci rcu la t ion  - During Jan- 
uary-March 1978 souther ly  winds occur- 
red over Cal i forn ia  during anomalous 
high pressure and drought condi t ions.  
A s  has been mentioned, upwelling during 
t h i s  period was extremely low (Fig. 5 )  

17S. F. Kapustka, U.S. Geological Survey, Port land,  OR 92708. 
Personal communication. 
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Figure 15.--Time-space mat r ix  f o r  January 1978-March 1979 of anomaly of sea- 
s u r f a c e  temperature  ( lower)  i n  degrees  Cels ius  from t h e  long-term 
mean r e f e r e n c e  per iod 1948-67 f o r  a l i n e  of 1-degree squares  a long 
t h e  coas t  from t h e  S t r a i t  of Juan de Fuca t o  Point  Conception 
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Figure 16.--Time-space matr ix  f o r  January 1978-March 1979 of anomaly of sea- 
surface temperature (lower) i n  degrees Cels ius  from the  long-term 
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values  a r e  shown in upper r i g h t  and a r e  based on data  from the  
National Climatic Center,  EDIS, Ashevi l le ,  NC 28801. 
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and t h e  opposi te  c i r cu la t ion ,  down- 
wel l ing,  occurred. Ekman t r anspor t s  a t  
points  off Ca l i fo rn ia  (Fig.  2) were 
a l so  weaker than long-term mean 
conditions during t h i s  period. Sea- 
surface temperatures were up t o  2 ' ~  
above normal during December-April. 
These condi t ions were assoc ia ted  with 

' apparent ly  s t ronger  than normal 
t r anspor t s  by the  northward flowing, 
near shore Cal i forn ia  Counter Current 
(Davidson Current). 

The e f f e c t s  of increased northward 
t ranspor t  by the  Cal i forn ia  Counter 
Current on marine populations remain 
unclear.  Pa r r i sh  and Bakun (1979) 
suggested t h a t  t he  extremely low up- 
welling ind ices  during e a r l y  1978, 
together  wi th  assoc ia ted  warmer than 
normal SST's, could have allowed anom- 
alous northward migration of southern 
species  along t h e  coast .  Commercial 
swordfish landings i n  1978 i n  southern 
Cal i forn ia  were nearly double the  
previous record (set i n  1978) and may 
have resu l ted  from increased northward 
advect ion. 

Anomalously s t rong northward ad- 
vect ion along t h e  coas t ,  combined with 
above normal SST's, may a l s o  explain 
unusual recoveries  of tagged b i l l f i s h  
off  uthern Ca l i fo rn ia  i n  October 
1978.fg Of the  severa l  thousand marlin 
tagged by the  Southwest F i she r i e s  
Center, a l l  those previously recovered 
had been taken t o  t h e  south and south- 
west of San Diego, off  Baja Ca l i fo rn ia  
and cen t r a l  Mexico, around t h e  Hawaiian 
I s lands ,  and near t he  Marquesas Is lands 
i n  t h e  southeast  Pac i f ic .  None before  
had ever  been recovered off  southern 
C a l i  f o rn l a .  

Other unusual occurrences of 
t rop ica l  spec ies  were reported i n  
summer 1978. A t r i g g e r f i s h  (a trop- 

"'84 i c a l  reef f i s h )  was caught 
Monterey, CA, on September 20, 1978. 
Radovich (1960) discussed anomalous 
catches of var ious species ,  including 
t r i g g e r f i s h ,  along t h e  Ca l i fo rn ia  coast  
during t h e  unusual warm period i n  1957 
and 1958. 

The onshore Ekman t ranspor t  i n  
ea r ly  1978 appeared t o  concentrate  
anchovy l a rvae  near shore and allow 
improved reproductive success. Seckel 
e t  a l .  (1978) described the  large-scale  
atmospheric c i r c u l a t i o n  over t he  west 
coast  during t h e  period 1976-78 and the  
upwelling condi t ions t h a t  resu l ted  from 
t h a t  c i r cu la t ion .  They suggested t h a t  :$ 

onshore Ekman t ranspor t  during e a r l y  
1978 (and t h e  r e su l t i ng  weak upwelling 
ind ices)  apparent ly  concentrated ancho- 
vy l a rvae  and t h e i r  forage organisms 
near t h e  Cal i forn ia  coast  and resu l ted  
i n  good spawning success r e l a t i v e  t o  
the  spawning s tock  size.  I n  o ther  
years when onshore t ranspor t  is less 
apparent,  spawning success  may be 
reduced by loss of l a rvae  t o  offshore 
areas.  Seckel e t  a l .  f u r t h e r  suggested 
t h a t  t he  l a rge  numbers of young-of-the- 
year  anchovy observed i n  southern Cali- 
fo rn ia  waters during spr ing  and summer 
1978 and unusually l a rge  concentrat ions 
of young f i s h  as f a r  nor th  as Monterey 
Bay appear t o  support  t h e i r  hypothesis. 

S a l i n i t y  - S a l i n i t i e s  along the  
Cal i forn ia  coast  were below normal 
during 1978 and e a r l y  1979, par t ic -  
u l a r l y  i n  the  f i r s t  quar te r  of each 
year. Data on temperature and s a l i n i t y  
a t  t he  sur face  and bottom (about 5 m) 
a t  Scr ipps Pier i n  La J o l l a ,  CA, a r e  
shown i n  Figure 16. The o r i g i n  of t he  
low-sa l in i ty  water is unclear;  it may 
be due t o  such processes as increased 
advection of low - s a l i n i t y  water from 
northern a reas ,  above normal precip- 
i t a t i o n ,  o r  decreased upwelling of high- 

I8News r e l ease ,  October 17, 1978, Southwest F i she r i e s  Center ,  NMFS, 
La J o l l a ,  CA 92038. Two record recoveries  made of tagged b i l l f i s h  
of f  southern Cal i forn ia .  

l9Monterey Peninsula Herald -' September 20, 1978. 
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s a l i n i t y  water from depth. Low- 
s a l i n i t y  water was a l s o  observed off  
southern Cal i fo5gia  i n  1978 during 
CalCOFI cruises, and was noted up t o  
1,500 km offshore of cen t r a l  Cal i forn ia  
i n  surface s a l i n 5 t r  observat ions made 
by merchant ships .  

The t i m e  series of s a l i n i t y  a t  
Scripps P i e r  i n  1978-79 looks remark- 
ably similar t o  t h a t  observed during 
the  period 1941-42 (Fig. 17). Note 
a l s o  the  occurrence of above normal 
temperatures a t  Scripps P i e r  i n  the  
winters  of 1976-77 and 1977-78, and the  
similar above normal temperatures i n  
the winters  of 1939-40 and 1940-41. 

Eastern Tropical Pac i f i c  

An important process causing var- 
i a t i o n s  of oceanographic condi t ions i n  
the Eastern Tropical Pac i f i c  (ETP) from 
one year t o  the  next is t he  so-called 
E l  Niffo. When t h i s  event occurs,  sea 
l e v e l s  and sea-sur face  temperatures a r e  
above normal i n  the  waters off  Ecuador 
and Peru, t h e  normal upwelling of 
nu t r ien t - r ich  deep waters i n t o  the 
sur face  waters is dis turbed and biolog- 
i c a l  p roduct iv i ty  of the  a rea  is 
reduced. Wyrtki (1978) suggested t h a t  
the E l  NiRo condi t ions normally fol low 
periods of s t rong t r ade  winds which 
p i l e  water up i n  the  western t rop ica l  
Pac i f ic .  As  the  t rade  winds r e l ax ,  
eastward flow increases  i n  the  Equa- 
t o r i a l  Counter Current towards South 
America, r a i s ing  SST’s and sea  l eve l s  
along the  coas t ,  depressing the  thermo- 
c l i n e ,  and reducing t h e  normal up- 
welling of nu t r ien t - r ich  water from 
depth. 

Southern Osc i l l a t ion  - The varia- 
t i o n  of atmospheric pressure across  the  
t rop ica l  Pac i f i c  , ca l l ed  the  Southern 

Oscil lat . ion,  has been cor re la ted  with 
recruitment of skipjack tunas ( IATTC 
1978, 1979). Quinn (1978, 1979) devel- 
oped an index of the  Southern Oscilla- 
t i o n  as the  d i f fe rence  i n  sur face  
atmospheric pressure between Easter  
Is land i n  the eas t e rn  P a c i f i c  and 
Darwin, Aus t ra l ia ,  i n  the western 
Pac i f i c  : 

- S . 0 .  Index = PEaster PDarwin. 

A t i m e  series of t h i s  index is 
shown i n  Figure 18 f o r  t h e  period 
January 1948-June 1979. During 1970-71 
t h e  index was pos i t i ve  f o r  many months, 
ind ica t ing  a s t rong pressure d i f fe rence  
across  the  Pac i f i c  and s t rong  t r ade  
winds. In  1972 t he  d i f f e rence  f e l l  
rap id ly ,  t he  t r ade  winds relaxed,  and 
SST’s (squares 308-1, 9-1, and 46-1 i n  
Fig. 8) and sea l eve l s  (da ta  f o r  
Cal i forn ia  s t a t i o n s  shown i n  Fig. 6) 
increased a s  a major E l  Niffo developed 
(Mi l le r  and Laurs 1975). I n  1973 t he  
pressure d i f fe rence  increased,  sea  
l e v e l s  and SST‘s returned t o  more 
normal values ,  and the  E l  NiRo condi- 
t i o n  disappeared. I n  1975-76 a weaker 
cycle occurred with a pos i t i ve  pressure 
d i f fe rence  i n  1975, a f a l l i n g  d i f -  
ference i n  1976, and a weak E l  NiRo 
response. The pressure d i f fe rence  has 
remained negative (near  zero i n  mid- 
1978) s ince  1976 f o r  an unusually long 
period of t i m e .  Thus the  t r ade  winds 
have been weak f o r  the  last th ree  years 
and the  probabi l i ty  of a major E l  Niflo 
i n  1979 and e a r l y  1980 is very low. 

Temperature - Oceanographic condi- 
t i ons  i n  the  ETP a r e  commonly monitored 
from pa t t e rns  of SST and i t s  anomaly 
from a long-term mean. Maps of anomaly 
of SST i n  the  ETP a r e  published monthly 
i n  Fishing Information. The following 
discussion i s  based on those maps,and 
the  reader  i s  re fer red  t o  them and the  
accompanying descr ip t ions  f o r  d e t a i l s  

2oR2. Lynn, Southwest F i she r i e s  Center, NMFS, La J o l l a ,  CA 92037. 

21J. F. T. Saur, Scripps I n s t i t u t i o n  of Oceanography, La J o l l a ,  CA 
Personal communication. 

92038. Personal communication. 
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of ocean condi t ions during 1978 and 
e a r l y  1979. 

During January 1978 SST's were 
above normal over much of the  ETP i n  
the a rea  w e s t  of l l O o W  due t o  weak 
t r ade  winds and a re laxa t ion  of t he  
subt ropica l  h igh-  pressure system off  
Cal i forn ia .  Upwelling off  Peru and 
westward along the  Equator caused below 
normal SST's e a s t  of l l O o W  as did 
s t rong wind mixing i n  the  Gulfs of 
Tehuantepec and Panama and along the  
w e s t  coas t  of Nicaragua. 

This general  pa t t e rn  pers i s ted  
through February, but by March SST's 
had returned t o  near normal values  over 
most of the  a rea .  Below normal SST's 
pers i s ted  i n  the  Gulfs of Tehuantepec 
and Panama due t o  nor ther ly  winds 
blowing across  Central  America from t h e  
Gulf of Mexico. 

I n  A p r i l  the  subt ropica l  high- 
pressure system over the  ETP continued 
weaker than normal. Lighter  than 
normal winds and less than normal cloud 
cover resu l ted  in .above  normal SST's i n  

ti l a rge  a rea  southwest of Baja Cali- 
forn ia .  A dramatic increase  i n  equa- 
t o r i a l  upwelling reduced SST's t o  below 
normal values  i n  a broad band along the  
Equator from t h e  coast  of Peru t o  180' 
and beyond. 

Below normal SST's along the 
Equator continued as the  dominant 
f ea tu re  of t he  SST pa t t e rns  from Apri l  
through September. The colder  than 
normal temperatures were typ ica l  of an 
"anti-El NiRo" s i t u a t i o n  where the  
t rade  winds a r e  moderately s t rong (note  
the pos i t i ve  pressure d i f fe rences  i n  
mid-1978, Fig. 20) and upwelling of 
cold water along the  Equator w a s  
intense.  

The band of below normal SST'e 
along t h e  Equator broke up i n  f a l l ,  and 
by November SST's were near  normal over 
the  e n t i r e  ETP, except f o r  below normal 
SST regions along t h e  equator  near 
Equador, i n  t he  Gulf of Tehuantcpec, 
and off  Baja Cal i fornia .  This general  
p a t t e r n  of near  normal SST's over the  
ETP with below normal SST pools near 
the  coast  pers i s ted  through March 1979. 
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