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Yearly variations in the vhytoplankton vegetation of the Norwegiaa Sea.

By E. Paasche

Norweglan investigations of the quantitative distribution
of phytoplankton in the Norweglsan Sea include surveys in May or
June in 19052 and 1953 (Ramsfjell 1960), 1954 (Paasche 1960},
1958 (Paasche & Rom 1961), and 1959 (Nygaard, unpublished). Samples
froa various deonths down to 30 metres were sedimented and counted
by means of the inverted wmicroscope. The following table may be
useful in summarizing to what extent the different water masses

have been investigated.

June June June May June
1052 1953 1954 1958 1959

Norweglan coastal water + + +

Atlantic water south of 71°W + + + + +
! " porth of 71°W +

Arctic-Polar wat@r between + + +

Jan Mayen and Spitsbergen

Local waters off Spitsbhergen + + +

East-Tcelandic Arctic Current + + +

Tecelandic coastal water

(or Trminger Current) + + +

oy

The investigations from 1952-59, in conjunction with more
limited information from certailn other sources, may scrve as a
basis for a tentative description of the spring phytoplankton deve-
Llovment in the Norwegian Sea. It should be stressed, however, that
our knowledge of this process is still very incomplete, Taus the
concept of a well-deflned spring vegetation period in off-shore
waters, although very uvdeful at the presecnt stage, may have to be
‘revised eventually when more information has become available. It
should be pointed out as well that in order to describe the situa-

‘tion in a water mass as a whole with reference to a hypothetical
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yearly cycle, one is forced to dilsregard local variations to an
extent which may not otherwise be justificd.

The soring development does not bhegin at the same time and
is not of equal duration in the different hydrographical areas .
Within each area, the time of the onset of blooming 1s probably
determined by the incoming amount of radiation energy in conjunc-
tion with the thickncss of the mixed layer, and is thus ultimately
dependent upon hydrographical and meteorological features, as well
as latitude. Our results coanflrm earlicr observations that the
soring period is brought to an early end in arcas whoere thore is
a marked stratification withia thce uppermost 50-100 motres, probably
as a congequence o@-a rapid exhaustion of nutrient galts. However,
even in areas where there ig no pronounced stratification (e.g.
Atlantic waters) may the vernal blooming be of short duration in
gome years. The reasons for this are not obvious abt prescat, but
it appears likely that yearly variations in, say, grazing, climatic
conditions, or vertical turbulince are ianvolved, The gross featu-
res of the spring develooment avpear to be the same in all parts
of the Norweglan Sea. The spring communitics have a different
specifle composition 1n the different water masses, but certaln
features in common, first aand foremost a predominance of dlatoms
of medium or large cell size. Certain other forms, such as Phaeo-
cystis, may be of importance as well, Towards the end of thue spring
period this type of vegetation is succeeded by a plankton where
small-celled organisms (small diatoms, dlnoflagellates, and, in
Atlantic water, coccolithophorids) frequently form thc sole consti-
buent. TIn terms of total cell concentratioa, thls summer vegetation
is not necessarily iaferior to the soring plankton. But if the size
of the phytoplankton communities is exoressed in terms of ccll sur-
fade area, the transition from spring to summer conditions usually
becomes manifest as a decrease in standing stock size. Production
measurements by Berge in 1954 and 1958 suggest a concomitant decroa-
s8¢ 1n production.

Our rcsults indicate that the duration of the spring pceriod,
as wcll as the amount of phytoplankton produced during that time,
is highly variable fron one year to the next, and more s0 in certailn
arcas than 1a others. The deta collected 80 far provide no lnfor-
mation on the amplitude of such variations, and can oanly be used

for an approximate estimate of how far the soring devclopment had



-3 -

proceeded cach year at the time of sampling.

It will presumably be »nosgible eventually to tie up yearly
variations ia the quantitative aspects and the duration of the
soring veriod with corresvonding variations in spscifilc compositlon.
At the present stage, however, it i1s difficult to cxplaln observed
differences in the specific composition of spring plankton collectad
at the same time of the year in two different years. Such diffe-
reances might be ascribed to one or more of thé following circumstan-
cegs, 1) Differences in enviroanmental factors may have led to a
selection of two different sets of species, 2) The stocks initially
present may have been different, due to variations 1n seecding from
other water masses. 3) The development may have been somewhat de-—
layed in one year in relation to the other, the spparent difference
in speclific composition reflecting two stages in a common spring

succegsion.

1+ Norwegian coastal waters,

The spring development in the Norwegian Coastal Current usu-
ally begins in March-Aoril, due to a pronounced stratification.
June 1954: Summer vegetation, poor in species but with large

amounts of IFragilariopgis nana.

May 1058: Mainly summer plaakbton, but relatively large con-

centrations of a number of spring forms at some statlions.

June 19591 Poor summer vegetabilon,

2. Atlantic water.

The spring increasge probably startgin the lsst half of Aoril
or the first half of May .

Junc 1952: Typical summer plankton predominant in the entire
Atlantic area.

June 1953¢ Mosgtly summer plankton, but certain spring forms
(Chactoceros debilis, Ch. densus, Thalassiosiras gravida) abun-
dant at some localities. The vegetatlion repregented various
gtages of transition between spring and summner nlankton,

June 1954: Abundant spring olankton in the central sad north-
western areas (S = 35.00-35.200) ¢ Rhizosolenla styliformis,
Chaetoceros sop. (primarily Ch. debilils), Coscinodiscus centralis.

Nitzschia spp., Thalassiosira gravida, Phacocystis. Summer
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plankton at southeasbern statlons (S above 35.20%).

May 1958: Spring plankton, possibly representing a fairly
early stage in the development. The 8pecific compogition was
partly the same as ian 1054, but tcmperate-occanic forms (Rhizo-
solenia styliformis, Coscinodiscus centralis) were less promi-
nent. Strong components of neritic Chactoceros speclies and Of
the Arctic-boreal Rhizosolenia hebetata and Thalassiothrix lon-
gissima suggest that initial stocks were largely of noan~Atlantic
origin.

June 1952: Spring plankton having certain features in common
with the 1954 vegetation (Rhizosolenia styliformis, Coscinodiscus
cenbtralie),although resembling the 1958 planktoa in other respect
(Thalasslossra longissima, certalin neritic forms). 3Bubt Chaecto-
ceros debilis was much less predominant than in cither 1054 or
1058, R

In 1952 and 1953, typical A%%@g%;?/plankton (Rhizosgolenila
styliformis, Thalassloshrix longissima, and associated forms)
wa.s <Qbou1burcﬁﬁon1y in the immediate vicinity of the border to-
wards colder water wmasses farther west. It aopears that the
spring period may lest loager in arcas where a continuous ad-
mixture of Arctic water tales place,

In the Atlantic reglon as a whole, the traasition from spriag
to stmmer plankton appears to be promoted to some extent by the
slight thermal stabilization which frequontly takes placce in the

uppernost strate as the year advances.

Arctic-Polar watcr between Jan Mayen and Spitsborgen.

The spring development 1s strongly dependent upon lcc condi-
tions and hydrographical features, and the time of the oaset of
blooning appeérs to be more susceptible to yearly varization here
than in any other area.

ment, with few 1f any genuinely Arctic formg. Most speccies be-
longed to a catoegory of algae that may also be of laportance in
Atluntic water (Chactoceros spp., Thalassiosira gravids, Rhizo-
solenia hebetata).,

June 1953: Very abundant spring plankbton, rcorcsenbing a much
earlier stage than the 1052 vegetation. Thalassliogirs gravida

occurred in huge concentrations, but a aumber of more pronounced!:
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Arctic diatoms were of importance as well,

June 1954 Poor vegetation of the summer type, with a compo-
sition not very different from that of Atlantlc summcr plankton.
The temporature was sbout the same in all three years. In
1952 and 1953, there was very little stability ia the uppermost
layers. This probably caused a delay in the spring development,
which), according to our observations, lasted during the greater
part of June. In 1954, on the other hand, a strong lcc meltling

earlicr in the year apparently resulted in low surface salini-
ties with ensulang high stability values., Conditions thus favoured
an early vernal blooming, which may have been of an abnormally
gshort duration that ysar.

The observations from 1952 and 1954 suggests that during the
later stages of the spring development, an admixture of plankton
stocks of Atlantic origin may exert a considerablc influcnce on

the composition of the phytoplankton in this area.

Local waters at Spitsbergen.

June 1952 The phytoplanliton was less abundant than in 1953
and did not possess the characteristics of typical Arctic spring
planltton.

June 19531 Very abundant Arctic plankton of the carly spring

June 1954 Temperate-neritic plankton, possibly a lete stage
in the spring successlon.

The differences between the three years were probably connec-—
ted somehow with observed differences in temperature, Tempera-
tures in 1952, and csoccilally in 1954, werc conslderably higher
than in 19573,

The East-Tcelandic Arctic Current.

The hydgrography of this part of the Norwegian Sca is quite
coaplex, and the observations from two of the years (1952 and
1253) are far too iacomplete tn orovide a rclisble picbturc of
the situation in the arca as a whole.

The spring lncrease probably starts in May .

June 12952 (in water of 5~6OG): Barly spriag plankton, with
large stocks of Hucampia, Nitzechia, Thalassiosira, aand some
purcly Arctic forms.

Junc 1253 (in water of 5-67C): Soring plaankton at a later

“
3
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stage than in 1952: Chaetoceros spp., Thalassioslra gravida,
Rhizosolenia hebetata. A certaln degree of Atlantic influence
was manifest; thus Rhizosolenia styliformis occurred at some
statioas.

Junec 1959 a) (in water of 3—500): More or less the samec type
of vegetation as in June 1953, probably a falrly late sopring
plankton, with some Atlaatic features.

b) (in water of O—ZOC midway between Jan Mayen
and Iceland): Spring plankton of local or Arctic origin: Phaeo-
cyetis, Thalasslosira gravida, Nitzechla s0p.

e

6. Tecelandic coastal water and Irminger Current:

Chaetoceros EoD.

June 1953: Abundant spring plankton: Chaetoceros spD.,
although other species than in 1952, Ian addition many dinofla-
gellates.

June 1959: Very abundant spring plankton, of the same compo-
gition as in the Tcelandic Arctic Current at 3~5OC, but with
some additional neritic Chaectoceros specics.

The interpretation of these observations is difficult, espe-

cially since the temperaturcs were very diffcrent cach year,

Concluding rcmarks

The observationg from 1252-59 may be conveniently summarized
1f a hypothetical soring development curve is used as a refercncae.
Of the two such curves presented in Fig. 1, the onc relating to
cell surface area is preferrcd because 1t brings out most clearly
the disappearance of large and medium-silzed plankton algac, which
by our definition marks the end of the spring period. Using this
curve, the stage reached by the phytovlaakton in the diff.rent
arcas and years by the time of sampling is indicatcd 1n Flg. 2.

On comoaring the data from Atlaatic water with those from
Arctic-Polar waters between Jan Mayen and Spitsbergen, it becomes
svident that the development may very well be accelerabted in one
arca whille at the samc time retarded in the other. This fact
clearly demonstrates that yearly variations ian the spring develop-

mpnt arg largely deopcadent upon variations in the local growth
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conditions within each area.
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