International Council for the " C.M, 1963
Exploration of thc Sca Plankton Committec
Madrid p

Biologic Occanography off +the Columbia River

(Northecast Pacific) -~ Some 3Iffects of a Large River @
e ® - .o
| by -@- | THUNEN
Ge orge C. Andcrson Digitalization sponsored
Karl Bansc by Thunen-Institut

T, 'Saundecrs English

Since January 1961, the Department of Oceanography, University
og Washington, has carried out intensive studies of aspccts of '
physical, chemrical, geological, and biological occanography in the
region of the Columbia River coffiuvent in the Northeast Pacific Ocean.
Bimonthly 3-week cruiscs study the scasonal patterns of primary
productivity, chlorophyll, and zooplankton from fine-mosh rets.
Attompts have becn made to demonstrate rclationships of plankton
distribution and activity to hydrographic and chemical conditions
in and ncar the cffluent, Scasonal and distributional gtudies will
provide o foundation for futurc studics. ‘

The primary objective has been to rclate standing crop and pro-
duction to.scasonal variations in the Columbia River eofflucent. Most
scasonal studics in other occan arcas have mecasured variation at a
ginglce station. In this study data from waters influcnced by frech-.. .
watecr discharge, in regions of coastal upwelling, and offshore beyond
the Ceclumbia River plumc afford comparisons of arcas with widely .
differing hydrographic conditions. I+t has been possible to cestablish
the annual rates of primary production and seasonal cyclcs; some-igeq
of annual variations will cventually be obtained. Emphasis has now
beon turncd +to specialized gtudics of phytoplankton population growth
which include measurcments of short-term variations, both daily and @
diurnal, cffccts of cxperimental nutricent cnrichment, and observations
on Zooplankiton-phytoplankton rzslationships,

Hydrocraphy - The vertical distribution of salinity is charac-
terized by a halocline 75 o 150 metres thick some 75 to 100 nmctres
beneath the surface., In wintor, tenperaturc and salinity arce uniform
in the surface laycr; in summer, thermal stratification dovelops.

During winter, the freshwater plume is held close along the
coast north of the river mouth. A shift in wind pattern, from pre-
dominately south-westerly in winter to northeorly in summer, rcsulits
in a southerly distribution of the Columbia River plume in sumner.

The plume roaches maxinun development in carly autumn, coxtending
southiard and offshorc about 350 miles. The plume is lost during
auturm and carly winter stormsy; the distribution of .cffluent returns
to 2 narrow band along thce coast north of the river mouth.:

Upwelled water rcaches the surface along the cocst south of the
river mouth in sumnecr. The upwelling varics in ragnitude with
changes in wind gpeed and direction.

The Columbie River watcer is confined to a relatively thin
surface laycr during development of the summeor plume. The vertical ceoi-
tent is marked by a well-developed pycnoclince, In llay, the loycr ranges
from lcss than 5 to 10 metres; 1t graduclly thickens as the gcason pro-
gresses. By carly autumn the pycnocline is at 30 to 40 metres. In wae-
ters offshore beyond Columbia River influcnce, vertical mixing cxtonds
to 70 to 80 metres during winter and carly spring. By Junc, a thoermo-
clinc is catablished at 10 to 20 metresy; it increasces to a naximunm of
30 to 4C metres by carly autumn, During summer, the depth of the mixed
layer 1s gencrally 5 to 10 mectres greater in watcers offshore from the
plume.,

Mutricent Chemistry - Concentrations of nutricnts in thoe mixed
laycr in winter arc aighcomparcd to surmer. Hutrionts arc rapidly
used by phytoplankton in spring and swaaer, Phosphate and silicate
drop sgnificandy in concentrotion, although they nover bocome '
limiting tc zrowth. In midsuwacr .dtrate is.scarccly detcctable in
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offshore surfacc waters. Greater phytoplankton activity consumcs
nutrients morc rapidly in the plumr  than offshore. The concentration’
of nutricntc is high in upwelled water along the coast during summer.
Scasonal variations in nutrient content are correlated with

phytoplanitton growth, the hydrographic cycle, and addition from
coastal sources. The hydrographic featurce of major importance is
the relatively shallow depth of the mixed layer in summer, rcsulting
in nutrient depletion in the surface layer. NLutricnts accumulated
velow the thermocline arc not available to much of the cuphotic
gonc until the onsct of winter mixing. Significant quantities of
nutrients arc added to the systen from the Strait of Juan de Tuca
and coastal upwelling. The Columbia River contributes a grecat
guantity of silicatce, less nitrate, and ncgligible phogsphate.

~ Primary Production. - The major influcnce of the Columbia River
cffluent appcars to bc on the  timing of cvents rather than in total
annual production. Typically, increased solar radiation in spring
is accompaniecd by a major incrcase in phytoplankton populations and
rapid nutricnt depletion. A lesser autumn bloom may occur, and
increcascd vertical mixing beging when incident light rcomains high.
Preoduction in the plume during carly summcery procccds gt a greater
ratc than in offshorce watcrs becausc of  the shallower mixed layer and
somcwhat higher temperaturc., Therefore, nutrient depletion is more - -
rapid in the plumc. In autumn, production is greater in offshore
waters than in the plume, prcsumably because of morc stable stratific-
ation in the plume which rctards nutricent resupply by vertical mixing.

The nutricnt addition by the river is apparently spent in high producticn

ncar the river mouth.
Annmual photosynthetic production has been calculated for the

arcas studicd:-—

Annual P5oﬁuction

Arca - £2C/m</yar _ Rangoc
Offshore 61 43-78
Plune , 60 : 46-T73
River llouth . 88
Upviclling 152

There. is a large wmargin of uncortainty in cstimating annual
production because of tho.infrcquent sampling. During a cruise,
neasurcrents in the same arcas on succoessive days were sometinmes
guite difrerent. ariations in incident radiation and the physio-
logical state of powulations, cspecially during rapid growth or
decline were belicved to be important. In the plume and offshorec.
arazas vhere scoveral measurcments were made, a range of minimum to
maximum production was computed.

Little or no differcnce in annual production is evident between
the plume and offshore waters. HMHore striking, thce annual production
aprecars to be quite low. It is ginmilar to that reported from the
Canadian Station Papa (4501, 1450W; 70 gC/m?/ycar),ths Sargasso Sea
(72 £C/m2/ycar), Fladen Ground (57-82 gC/m2/ycar), and Danish
inshore waters (75 2C/m¢/year). All of thesc arcag, cxcept Station
Papa, arc impoverished in nutrionts. Higher levels of annual

roduction have becn reported for the continental slope off New York
%120 gC/n2/7car) and in Long Island Sound (180 gC/m?/year).
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