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INTRODUCTION

In the following presentation we have considered
different types of observations which might be applied
to the study of the primary and secondary production
of large areas of ocean. From an initial consideration
of this problem it was apparent that in order to carry
out these studies a large number of ships and person-
nel would have to be employed for many years to
come on this one facet of marine research. As an al-
ternative, therefore, we felt that it was necessary to
consider observational platforms other than research
ships. Thus the type of observations that we believed
would serve as critical indices of primary and second-
ary production have been limited by the extent to
which we consider that meaningful measurements
could be made from these alternative platforms. In a
decreasing order of ability to cover large areas in time
and space we have considered as possible platforms:
satellites, aircraft, instruments towed in the surface
layers by commercial shipping and simple sampling
procedures carried out by fishing vessels.

One additional aid to these data gathering plat-
forms is a fixed point in the ocean such as Ocean
Weather Station ““P’’ (50°N 145°W). It has been
said that it is impossible to understand the results of
a synoptic survey without having performed a time
series study at a point in the area. It is equally true
that a time series study is difficult to interpret with-
out a synoptic survey of the adjacent area—the two
are complementary and while we have to place certain
limitations on the types of observations which may be
made over large areas, virtually no limitation need
be placed on the types of observations carried out
from a weathership. Thus it is part of our contention
that such ships should be considered an integral part
of large scale oceanographic surveys and from an or-
ganizational point of view they should be consid-
ered oceanic field stations of various agencies.

Finally we have felt that in order to achieve some
progress toward a solution of the problems of large
seale surveys we should employ indices and models
which have become well established among marine
scientists as acceptable measurements and explana-
tions of processes in the marine environment. The
extension of these measurements and the use of more
sophisticated models will depend greatly on the results
of future basic research. For the present, however,

* Part of this presentation was submitted previously to the
Journal of the Fisheries Research Board of Canada as a
paper entitled ‘“The advent of the spring bloom in the
eastern subarctic Pacific Ocean.”

(54)

we have attempted to extend the use of basic concepts
in order to test their validity for use in large scale
studies of the ocean.

EXPERIMENTAL

Two parameters which we have initially considered
to be appropriate for large scale monitoring are sta-
bility and the penetration of light into the water col-
umn. In temperate latitudes conditions for the onset
of the spring phytoplankton bloom have been shown
to be largely dependent on these two variables. One ap-
proach to an examination of their effect was suggested
by Gran and Braarud (1935) and developed into a
prediction model by Sverdrup (1953).

The approach described by Sverdrup (1953) is
based on a comparison between the depth of the mixed
layer (Dn) and the depth at which light conditions
(radiation and transparency) are sufficient to allow
a net increase in the primary produection of a water
column. The latter depth is known as the ‘critical
depth’ and is defined as the depth above which the
total production (of the water eolumn) is equal to
the total respiration. It follows that if the critical
depth is greater than the depth of mixing, a net in-
crease in production can take place. Sverdrup (1953)
determined a mathematical expression for the critieal
depth as follows:
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where D, is the critical depth in metres, k. is the ex-
tinetion coefficient (m™), I, is the average energy
which passes the sea surface per unit time and is avail-
able for photosynthesis, and I. is the energy at the
compensation depth. (The compensation depth is de-
fined as the depth at which the energy intensity is such
that production by photosynthesis balances destruec-
tion by respiration.) I, and I, have been expressed in
langleys (ly) per hour—one langley being equal to one
gram calorie per cm?2.

In using this model we have tried to accumulate
data over as long a period of time as possible so as to
present an average picture from which future anoma-
lies could be judged. The following sources were used
for these data:

I, the average energy available for photosynthesis
per unit time, has been determined at Station ‘‘P”’
from the total solar radiation measured with an Ep-
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pley pyrheliometer. These values, averaged from Janu-
ary 1960 to February 1964, have been expressed as the
mean hourly radiation and corrected for reflection
losses by determining the mean sun altitude for each
month (Sverdrup, 1953). The amount of energy avail-
able for photosynthesis has then been determined by
reducing the total radiation by a factor of 0.2 to allow
for absorption of non-photosynthetic energy in the
first metre of sea water (Sverdrup, 1953).

For the rest of the eastern Subarctic Pacifie, solar-
radiation estimates computed by the U.S. Bureau of
Commercial Fisheries, San Diego (Marine Weather
Observation Summary for the Pacific Ocean) have
been utilized. These data, which were available by 5°
squares of latitude and longitude for the years 1962

through 1964, were averaged and expressed as the
hourly photosynthetic radiation, corrected for cloud
eover and for reflection, for each month.

Estimates of the depth of the mixed layer (Dp)
during February have been taken from Giovando
and Robinson (1966). For the areas 55-60°N, 150~
160°W, and 40-45°N, 150-160°W, where no statis-
tical estimation of the depth for the mixed layer has
been made by these authors, an approximation of the
mean mixed-layer depth plus or minus one standard
deviation has been made from bathythermograph
data (available at the Pacific Oceanographic Group,
Nanaimo) for January to April during the years
1957 and 1962 through 1964. Data on the mixed-layer
depth obtained by Giovando and Robinson (1966)
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Figure 1. A comparison of the critical depth and the depth of mixing at Ocean Weather Station /P
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mean mixed layer depth, plus or minus one standard deviation (data from 1947-1963)

* During the years 1956-59, 1962-63 the “new'" seasonal thermocline was formed near the middle of May.
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Figure 2. A comparison of the critical depth and the depth of mixing in the Strait of Georgia, west of 124°W,

legend::[ Maximum and minimum critical depth

1 Maximum and minimum depth of mixing

have been represented in Fig. 1 for each month of
the year at Station ‘‘P’’. In Figure 4 are shown
values of the mixed-layer depth from north to south
along lines of longitude, at 10° intervals, from 125°
to 155°W. In this manner, estimates of the critical
depth, which were made by 5° intervals of latitude
and 10° intervals of longitude, can be compared with
estimates of the mixed-layer depth which have been
reported by areas composed of 5° intervals of latitude
and 2° intervals of longitude, (Giovando and Robin-
son, 1966). In reporting the latter results, where two
areas of latitude and longitude are adjacent (east
and west of a line of longitude), the larger maximum
and the smaller minimum values for the mixed-layer
depth have been entered in Fig. 4.

The extinction eoefficient, k,(m), has been ex-
pressed as maximum and minimum values for each
month from Secchi dise data accumulated during
1957 through 1962 at Station ‘‘P’’ (Parsons, 1965).
These values have been expressed as extinction coeffi-
cients for blue light which have been derived from
the formula given by Poole and Atkins (1929):

1.7
K =5

where D is the Seechi dise depth in metres. For the re-
mainder of the eastern Subaretic Pacifie, Utterback
and Jorgensen’s (1934) oceanic-average extinetion for
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the area, 0.073 m-! at 4800 A, has been employed.
This value is representative of minimum extinction
values at Station ‘‘P’’ during the spring. Maximum
extinetions during the spring at Station ‘“P’’ also
have been included in caleculations of the eritical
depth in the remainder of the northeast Pacific by
using the maximum extinetion for March of 0.13 m-
(Parsons, 1965).

The value used by Sverdrup (1953) for I, the
energy at the compensation depth, was taken from
Jenkin (1937) as being 0.13 ly/hr. This value was
determined for a day length of 16 hours, which sug-
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gests that a slightly larger value might be considered
for the spring when the day length is less. However,
in the absence of sufficient information on the effect
of light and dark periods on the compensation light
intensity, the value of 0.13 ly/hr has been employed
here for purposes of comparability with other authors
(Marshall, 1958, Sverdrup, 1953 and Cushing, 1962).

Copepod weights used in this presentation are from
data accumulated by LeBrasseur (1965 and 1966).
Collections were made with a standard North Pacifie
net hauled vertically from 150 m to the surface.
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Figure 3. Surface chlorophyll a values at Station “P” and in Departure Bay.
Legend: Station “P”; average values, x; number of determinations, 1958 to 1964, (25); maximum and minimum values represented as bars.

Departure Bay; data from Parsons (1960)

DISCUSSION OF FIGURES 1 TO 6

Figure 1

In this figure the range of maximum to minimum
eritical depths at Station ‘‘P’’ in each month of the
year is shown as solid bars. The depths of mixing,
plus or minus one standard deviation, are shown as
dotted lines. Two depths of mixing are shown for
the month of May since the ‘‘new’’ seasonal thermo--

cline in some years is established in this month rather
than June.

From this figure it may be seen that during the
period December to February the maximum eritical
depth is less than the minimum depth of mixing.
This would indicate that there could be mo met in-
crease in primary production at Station ‘‘P’’ during
this period. On the other hand, from May through
September the minimum eritical depth is equal to or
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greater than the maximum depth of mixing, indicat-
ing that this is the prinecipal period in which a net
inerease in primary production can occur. For the
months of March and April, and again in October
and November, conditions are such as to permit
some increase in net production under favorable con-
ditions. It appears therefore that for the advent of
the spring bloom, the months of March and April
will be the most important in determining the timing
of this event.

Figure 2

Data are shown here on the mixed-layer depth and
the critical depth for each month of the year in a
coastal region at the same latitude as Station ‘P’
It may be seen that in contrast to Station ‘‘P’’ the
much higher stability, due to freshwater runoff in
this area, has allowed conditions to develop so that a
net increase in primary production would be expected
during Mareh. Further it appears that throughout
the winter some production could oceur in this area
providing relatively stable conditions and/or a suit-

60 55 50

able degree of transparency were maintained for a
sufficient period of time, To approach a plankton
bloom, however, assuming a maximum generation time
of 48 hours for winter radiation levels, suitable econdi-
tions would have to be maintained for about two
weeks. This period is considerably longer than is gen-
erally encountered during the winter in the Strait of
Georgia.

Figure 3

Data are shown here on the seasonal variation in
the surface concentration of chlorophyll ¢/m® at Sta-
tion ““P’’ and at Departure Bay in the Strait of
Georgia. The latter values, collected during 1958-
1959 show that a marked increase in the standing
stock of phytoplankton ocecurs during March which
is in agreement with the prediction shown in Figure
2. At ocean Station ‘‘P’’, however, average concen-
trations of chlorophylle show little change with
season. There is good evidence that this absence of a
marked change is due to intensive zooplankton graz-
ing (McAllister ef al, 1960) which must commence
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Figure 4. A comparison of critical depths and the depth of mixing in the eastern Subarctic Pacific Ocean, February to April.
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Figure 5. A comparison of copepod wet weights during April and the occurrence of the spring phytoplankton bloom in the eastern Subaretic Pacific

Ocean, February to May.

simultaneously with a net inerease in the primary
production during the spring. (Another example of
this suppression of changes in the concentration of
phytoplankton is discussed by Heinrich, 1962).

Figure 4

In this figure we have confined the reported data
to the mixed-layer depth and the critical depth dur-
ing February, March and April, but extended the
area of observations from 40 to 60°N and by lines of
longitude at 10° intervals from 125 to 155°W. The
mixed-layer depths are shown as solid bars and are
joined by the shaded portion.

Critical depths are shown for February as broken
bars and if we take as a criterion of timing the

month in which the minimum eritical depth is greater
than the maximum depth of mixing, then only at
125°W between 40 and 45°N are conditions firmly
established for a net increase in primary production
during February.

During March, the minimum ecritical depth is
greater than the depth of mixing up to 50°N at
125°W and out to 135°W at 40°N. Another small area
exists at this time at 155°W and 55 to 60°N.

For simplification of the figure the only April erit-
ical depths shown are along the 155°W line. In the
rest of the area, except at Station ‘‘P’’ (Figure 1),
the April minimum critical depth is below the depth
of mixing. The only other exception is in the central
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Copepod Growth Rate (months), March to April
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Figure 6. A comparison of the mixed layer depth at Station “P” and the growth rate of copepods (left); (right) the standing stock of copepods.

Data from 1957 to 1964.

part of 155°W where the minimum ecritical depth
does not exceed the depth of mixing until May.

Lines drawn diagonally across this figure separate,
by month, areas in which hydrographic and radiation
conditions are such as to firmly establish conditions
for a net increase in primary production. These lines
have been transposed to the next figure.

Figure 5

Dotted lines drawn on Fig. 4 which separate areas
in which conditions for a net increase in primary
production become established in the same month, are
compared in this figure to the average copepod wet
weight for the month of April. An area of approxi-
mate copepod maxima has been drawn in as an inter-
polation of the results of copepod wet weights shown
in this figure., From a comparison of these results
it may be seen that maximum copepod weights are
encountered in areas north and south of Station ‘P,
in a semicircle approximating the areas in which a
net increase in primary production oceurs during
March to April. Minimum copepod weights are en-
countered in a central portion of the northeast Pa-
cific between a wide area at 155°W and a narrower
area extending east beyond Station ‘‘P’’. This area
-of low copepod weight approximates the area in which
conditions for a met increase in primary production
are not firmly established until May. These results
are further substantiated by the inset to Fig. 5
which shows that maximum copepod biomass at Sta-
tion ‘‘P’’ does mot occur until the period May to
June.

Other evidence supporting the description of the
spring bloom discussed here can be found in primary
production data for Station ‘““P’’ (MecAllister, 1962).
These data show values of up to 1100 mg C/m?/day

during the period May-June compared with values
of 200 or less mg C/m?/day during March-April.
From data reported by Stefansson and Richards
(1964) it is apparent that in the area of 40-45°N
and 125-130°W, nitrate depletion starts in February
and that the nutrient becomes exhausted from the
surface layers by May. These results are also in keep-
ing with the sequence of events shown in Figs. 4
and 5.

There are, however, some inconsistencies in Fig. 5
in that the central copepod minimum at 155°W is
greater than some of the maxima at 145°W. This
may be partly explained if we were to consider that
there are other effects of the environment, such as
currents, which determine the actual numbers of cope-
pods present. An alternate and possibly more plausi-
ble explanation is that the critical-depth model does
not prediet the total biomass but only growth-rate of
copepods in this area.

This may be demonstrated in the following man-
ner: The species of copepod primarily responsible for
the increase during the spring is Calanus plumchrus
(generally from 40 to 90% of the biomass). Further
it is widely distributed during March and April, and
as spring progresses the increase in copepod biomass
is in a large part due to this animal getting fatter
and changing from Stage IV to V. Thus if, on the
inset to Fig. 5, the exponential increase in copepod
biomass is taken as an approximation of growth-rate
during March and April at Station ‘‘P’’, then this
value in different years should be predictable from
the ratio of Der/Dm.

Figure 6

In this figure the measure of copepod growth-rate
(logio biomass' in April minus log;y biomass in
March divided by the time-interval in months) has
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been plotted against the depth of the mixed layer
from 1957-1964. Radiation data are not available for
the same period so that we have had to leave out
half of the model (Der) in plotting the ordinate. The
indication is still clear, however, that there is a meas-
ure of growth-rate which is related to the mixed-
layer depth; but that, as is shown in the second part
of the figure, there is no apparent relationship be-
tween the standing stock of copepods and the mixed-
layer depth. Thus it is apparent that the model gives
some measure of growth-rate but not of recruitment
of copepods.

Conclusions from Figures 1 to 6

In conclusion to this first part of our presentation
we feel that we can now at least partially answer
Dr. Stewart’s question when he asked earlier, what
types of data does the biologist want collected for large
scale oceanic studies? If we return to the right hand
side of the equation for the Sverdrup model, then
we want an improvement in the collection with time,
by area and in accuracy of the three terms, I., k.,
and I.. I, the effective photosynthetic radiation,
should be monitored over the northern (morth of
about 40°N) hemisphere and, initially at least, re-
ported as a monthly average for each 5° square. This
value could be improved in accuracy by correcting
for reflection due to the effect of wind on the sea sur-
face and by an accurate measure of the energy in
the photosynthetic portion of the speetrum. The ex-
tinction coefficient, k., should also be routinely meas-
ured over the same area and it is suggested that some
kind of disposable light meter for use with aireraft
might greatly assist in the collection of these data. Our
knowledge of I, the compensation light-intensity,
might be initially improved by laboratory studies but
field investigation of this value from research ships
would ultimately be desirable.

Also inherent in the model is the continued eollec-
tion and improved coverage of data on the mixed-
layer depth, Dy,

Finally, while three of the above terms can prob-
ably be best collected from satellites or aireraft, the
actual biological data with which the model can be
correlated should also be routinely collected. As
has already been mentioned in the introduction, these
data (e.g. chlorophyll @, primary production, zoo-
plankton biomass) are probably best collected from
commercial shipping or from fishing boats in the
area.

So far we have been discussing essentially the tim-
ing of events in the N.E. Pacific Ocean and their re-
lation to the rate of increase of primary and second-
ary producers. Looking at a different aspect of this
problem it is possible to divide up the effects of sta-
bility and radiation on the production of a water
column and compare these effects at different lati-
tudes and in different oceans. As in the previous
study, the quantity and time at which data have been
collected permit only a broad assessment of this prob-
lem but we believe that the following discussion gives

a good appraisal of the effect of stability and radia-
tion on primary production.

Table I shows the effect of increased radiation,
February to May, on the growth-constant of a chry-
sophyte. The actual production at Station ‘P’ (line
1) has been taken as representative data from Me-
Allister (1962) as reported by Parsons (1965). Aver-
age photosynthetie-radiation data measured with a
pyrheliometer at Station ‘‘P’’ is reported in the sec-
ond line (Parsons, 1965). In the third line the effect
of this increase in radiation on the growth constant
of Monochrysis lutheri has been determined from
data given by McAllister, ef al, (1964). This organ-
ism was chosen since it is a chrysophyte and most of
the erop at Station ‘“P’’ is believed to be coccolitho-
phores. It is also the only rate-versus-light intensity
curve we could find in which the study had been
carried out over a sufficient period of time to reflect
the true growth-response of a chrysophyte to light-
intensity rather than the adaptive response of organ-
isms taken from one light-intensity and incubated for
a short period of time in a light-intensity gradient.
Finally in line 4 of Table I the increase in growth-
constant for March, April and May is represented as
a multiple of the growth-constant in February.

TABLE 1

INCREASE IN PRIMARY PRODUCTION DUE TO
RADIATION AT STATION “P”

February | March April May

1. Approximate average production (1959~
1961) mgC/m32/day..cceccnccaeancane 25 75 220 500

2. Radiation (PAR) ly/hour (1960-1964)... 0.82 1.56 2.12 2.94

8. Growth constant for M. lutheri using
radiation values (2) above®..nnoenn .. .008 .02 .04 .05

4, Increase in production from (3) above.. _— X2.5 Xs X6.2

® Data from McAllister, C.D., N. Shah and J.D.H. Strickland. J. Fish, Res. Bd. Canada
21: 160-181, 1964. o
AR, photosynthetically active radiat

TABLE 11

INCREASE IN PRIMARY PRODUCTION DUE TO
STABILITY AT STATION P

February | March April May

1. Average mixed layer depth (m) (1959-61) 113 128 101 68
2. Compensation depth (m) (1960-64)

(ke = 0.075)eecuncnnmmnennaaeaana- 25 33 37 42
3. Dc/Dm 22 .26 .36 .62
4, Increase in production from (3) above__ - X1.2 X1.6 X2.8

In Table II the mean mixed-layer depth at Station
“P” February to May has been reported from Rob-
ertson et al, (1965). In line 2 the compensation depth
at Station ‘‘P’’ has been calculated from the radia-
tion data in Table I, assuming an average extinetion-
coefficient of 0.075. The effect of stability on the com-
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pensation depth has been determined in the third line
by taking the ratio of the compensation depth and
the depth of mixing. The increase in this ratio for
the months of March, April and May as compared
with February is shown in the last line.

Although the major effect in increasing the ratio
De/Dm from February to April is due to the increase
in De, the effect of an increase in De is only made pos-
sible during this period by the relative constancy of
Dm. Thus while De is a funetion of radiation, the
efficacy of the compensation depth is determined by the
stability of the water column which is quite different
from the effect of increased radiation being con-
sidered in Table I.

TABLE IH

TOTAL EFFECT OF CHANGES IN RADIATION AND STABILITY
ON PRIMARY PRODUCTION AT STATION “p“

February | March April May

1. Approximate average production (1959~

1961) mgC/m2/day . ccmmec e 25 75 220 500
2. Increase in production compared with

February. . - X3 X8.8 X20
3. Increase due to radiation (Table I}._... - X2.5 X5 X6
4, Increase due to stability (Table II)..... - X1.2 X1.6 X2.8
5. Total effect of radiation and stability-.. - X3 X8 X17

Table III provides a summary of data in Tables I
and II and a comparison of the effects of radiation
and stability on the actual increase in primary pro-
duction. Thus the initial increase in production dur-
ing March at Station ‘“P’’ is primarily due to the
effect of increased radiation on the growth-rate of
the primary producers. This is also true for April
but a larger proportion of the increased production
in this month is due to stability. From April to May
there is little effect of increased radiation on the
growth rate of individual cells but there is a marked
increase in the production of the water column due to
stability. Finally the total effects of radiation and
stability at Ocean Station ‘‘P’’ show that the in-
crease in radiation on the growth-rate of the phyto-
plankton is about twice that of the increase in pro-
duction due to stability. Further these combined
effects (line 5) are in quite good agreement with ae-
tual inerease in primary production at Station ‘P’
(line 2).

‘While at Station ‘‘P’’ radiation apparently deter-
mines the inerease in growth-rate as well as to a large
extent the increase in stability (through the forma-
tion of the seasonal thermocline) in other areas these
effects assume a different proportion. Thus from Mar-
shall’s (1958) studies in the Arectic it is apparent that
a shallow mixed-layer is strongly maintained during

the spring by a salinity gradient and the effect of -

increased radiation on production is much greater
than further south in the Atlantic where the winter
mixed-layer depth extends to 200 m. In the northern
Sargasso Sea, however, there is sufficient radiation

throughout the year for production, but the stability
of the water column is believed to limit' production
during a few months of the year (Riley 1957). A
similar discussion of these changes from north to
south in the Atlantic may be found in Cushing
(1962).

Finally there appears to be a marked difference
in the onset of the spring bloom in the North Atlantic
and Pacific Oceans. Throughout the subarctic water
mass in the Gulf of Alaska a halocline at about 100
m exists throughout the year. Thus even in the ab-
sence of a seasonal thermocline at some shallower
depth, conditions for a net increase in the production
of the water column are firmly established by May
(Fig. 1). The productive column is relatively shallow,
however, being limited by the halocline at ca 100 m.
In the North Atlantic the mixed-layer depth, at the
same latitudes and off the continental shelf, extends
to 200 m during the winter. Under the latter condi-
tions the onset of the spring bloom is more dependent
on the formation of the seasonal thermocline. Thus
primary production during the spring in the North
Atlantic will tend to start later but develop more
rapidly than in the North Pacifiec. One possible ex-
planation, therefore, for the lack of synchronization
between the phytoplankton bloom and the zooplank-
ton crop in the North Atlantic is that the phytoplank-
ton are produced initially in the spring at a greater
rate than can be grazed by the zooplankton. In the
North Pacific, on the other hand, the mean generation
rate of the phytoplankton in the water columan must
be equal to the grazing rate of the zooplankton. The
difference in the species of secondary producers has
also been given as another possible explanation for
the differences in the spring bloom in these two
oceans (Banse, 1964). It is probable in faet that
both the relative stability of the environment and
the grazing patterns of the zooplankton play a role
in determining the extent of the spring phytoplank-
ton bloom in each ocean. It is imperative, however,
that for a study of the former effect there should be
an improvement in the large scale eollection of the
types of data discussed in the first part of this pres-
entation.

To conclude it is perhaps worth considering the ex-
tent of variations within small areas of ocean. So far
in this discussion we have been considering a wunit
area of about a 5° square of latitude and longitude
and a time period of one month. From studies on
surface pigment-concentrations in the Gulf of Alaska
(Parsons, 1965) it is apparent that the range of
variation of chlorophyll ¢ in 5° squares regardless of
season is about 0.2 to 0.8 mg/m3 A similar order
of variation can be found during a time interval of
one day in a seven mile-square in the same region
(Antia et al, 1962). Thus, while we have shown in
Fig. 3 that the monthly-mean surface-chlorophylla
concentration at Station ‘‘P’’ remains virtually con-
stant, small variations in time and space oceur which
may provide an insight into local production processes
or grazing patterns. These sub-area variations must
be studied with different techniques than those sug-
gested in the first part of this presentation and the
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development of a variety of automated recorders for
measuring nutrients, particulate material and zoo-
plankton are particularly desirable for these studies.

DISCUSSION

Smith: Were there other measurements of non-con-
servative properties on this fine-scale sampling pat-
tern?

Parsons: When we carried out the study on the
distribution of chlorophyll ¢ within a seven-mile
square the only other measurements made were for
salinity and silicate. Since neither of these parame-
ters reflected the same degree of variation as the
chlorophyll ¢ data, we felt that the latter might be a
result of zooplankton grazing patterns. No environ-
mental evidence was obtained, however, for this sug-
gestion,

McGowan: What proportion of the standing crop
of zooplankton is made up of grazers in your study
area!

Parsons: The data which I have reported in the
previous figures are for copepod biomass. Assuming
that the copepods were the only grazers, then the
proportion of these animals was about 90% of the
total zooplankton standing stock.

Schaefer: It has been suggested (by Banse?) that
differences in seasonal phytoplankton between open
North Pacific and open North Atlantic, north of about
45°N, are due to differences in the life c¢yele of major
zooplankton forms. The egg production of Calanus
sp. in the North Atlantie is directly related to avail-
ability of food and commences only in spring. The
two dominant Pacific Calanus species produce eggs
from reserve materials, independent of phytoplank-
ton concentration. Because of reproduction in winter,
the offspring of the Pacific forms may prevent the
spring bloom.
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