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ABSTRACT

The arece of the Horth Sea next to the Belgian and the
Duteh coast has been surveyed since Janvary 1971. The photosynthetic
capacity (potential production) of samples collecied at 63 stations and
4 depths has been meagsured using the C-14 technigue.

The houmogeneity of the waler column was demonstrated al-
nost everywvhere as Tigures were éimilax from the surfece to the bouto
A generel pattern of decreasze of the potential prodvction from the coasi

to 1

b

he open sea wags demonsirated in all seasons. PFigares ranged from 3

g also determined both by cal-
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52) formvula, and by in sz'u

culations, using the

measurenents. The higher turbidity neexr the coast has proved to Limit
1 . 3, A . K o -
considerably the primery production. Figures usually ranged from 100 to

. 2
1500 mg ¢ / n° day.
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INTRODUCTION

Until 1971, +the production of the Forth Sea had not been

extengively studied. Cus hing's review (1971) mentions the works of

Steele (1956, 1957, 19)0) ushing (1957), Cushing

1 Jensen (1957)

Steemann Wielsen «
Yie Fouwwo

contributions were

more recently, one

s (1970)

work of Kroon (1971)

A') > wyld. Cﬁpn‘uldi.ly :’e

and Gieskes (1972) off the mouth of the River Rhine. The prinmary pro-
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duction of the South Bight of the North Sea

Jamuary 1971 as a part of a nalional pregrame for the study of pol-

lution in uho Forth Sea and for the demign of a mathematical model of
pollutent dispersion. Some results of the primary production studies

» - 5 ey \
have already been published (Lommaert 1972 and 1973 ).
ol S H i



HATERIAL AND METHODS

The sanpling netyork (fig.l) developed from the mathematical
model nedwork allows three types of cruise : sampling stations 1 1o 25
(cruises 1, 2, 7), sampling stations 5F to 72 (cruise 3) and sampling
stations 1097 to 2841 (cruises 6 and 8). Aismall network of seven saﬁpling

stations near to the coast was used for an introductory cruise (cruise & )«

Sampling end experimental scheme
5 M PR 4 . . '
Hetplankton and nanmoplunakion production was estimated from

water semples ccllected at about local apparent noon. At the beginning
= & o L(:)

; . . < 7 1
ssuples were taken from a range of depths corresgponding to 100 %, 10 %

-

4 & - . : : ; ar .
and % of surface irradiance. These depths were calculated with an im—

mersible photometer eqguipped

e

a green filter., The samples were in-
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cubated in an artificial light incubator (see techuique below).

deck incubator was algo used. Samples
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were exposed to daylight direcily and under neutral filters giving re-

P

o i 7 ! : . ~ 3
lative light levels of 35 %, 13 % and 4.5 %. The incubator was kept at

SN

sea surface temperature. The sampling depths were accordingly at 100

<

[CRN

of surface irradiance., A few real in situ incuba-
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35 %, 13 % and

tions were also perfoermede

Four and two dark bottles were drawn from cach sample,

. . . 14 : . N
sulated with 4 microcuries of WalCT 70, and incubated under

3

t3 \ o - A s ‘ N K -
0.055 lg/mln) for 3-4 hours at ges surface lem—

peraturc.
In 2 of the light bottles and one dark bottle, all planktoenic
organisne greater than A0 pm (i.e. netplenkion and zooplankton) were eli—

through fine-mesh net. The fractionation

ninated by filtering

e

Aiscussed in o provious paper (Fommaerts, 1973).
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Three more light bottles were inoculated and put in the deck incubator
till sunset. Following incubation, the contents of the bottles were
filtered through Sartorius O.%/&aand later O.s%w1membrane filters.

The filters were washed with about 20 ml filtered seawater and dried.,
Their activity was measured at the International Agency for C~14 de-
termination, Chﬂriotteann“, Denmark. The results are expressed as

mg C/m3h0 Netplenkton production was computed by subtractirg nanno-—
plankton production from that of total phytoplankton.

e
L

the measurement

5
A% the 30 mg C/mjh level, the standard deviation represenis
» of the average. This wes determined experimentally by incubating

10 subgamples under the usual working conditions.

ot

leasurements of light energy aveilable to ihe vhytoplankton

le ITrradisnce

The global incident irradiasnce in the area is lmown Trom

the measurements nade at the meteorological station of Den Haon and

computed at the Royal leteorclogical Institute. The irradisnce
in J@ulea/c is known for periods of half an hour. It is likely

that the irrvadiance vari

ations ocourxing far off the coast would
not deviate more than 10 % from those recorded on the coast (Dog—
niaux, comm. pPers.)e

2e Water {ransparency

For cruises 1 to 3 the Secchi disc was used for the compu-—
&

tation of the Yabsorption coefficicent! of the water and Poole ard
Atkins (1929) formula was used for the caloulation. On and after

cruise 5, weter transparency was measured with an immersibie pholto-

o~

neter fitied with a green filter Chance Pilkington Ogrl (range 450-
650 nm with a neximum at 540 mm), a neutral filtexr OW3Z2A and an
opal filtex Several tests showed that the Lamberi-Beer law was

obeyed throughout the water column except near to the bottom.

>
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DESCRIPTION OF THE AREA SURVEYED

Throughout the afea depths are moderate (about 30 m)., The
floor is mainly composed of quartz sand (4 slime and broken shells). Sa=
linify determinations made on the light-ship "West-Hinder", 20 miles off
Ostend, showed an average of 34.25 %0 for the 1950-1955 period (maximum s
35,35 %,3 minimum s 32,82 %o)e The influence of fresh water from the
rivers is marked along the coast : Daro (1969) mentions o minimum of
2548 %e in Knekke. Temperature measurenments made during our surveys
gave winter figures of about 6°C and summer figures of about 18°C (leisch
o Bay, 19?1)« The temperature seldom varied more than 0.5°C in a
diwvrnal cycle. The difference between surface and bottom meldow exceeded

«5°C.

The tides obsexrved in the South Bight follow a semi-diuvrnal

La

pattern. They are generated iz dromic point (52°32'N, 2°55E)
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and reinforced by a wave coming from the Bnglish Channel., Tidal oscil=—
lations generate important horizontal water motions in the area surveyed

The diagram of speed vectors (fig. 2) arcund a given point has the form
of an elengéﬁed ellipse ith the long axis dirvected towards the tidal
wawe motion,

The general motion of water is thus that of a piston hut
the residual streanm ié very small ¢ therefore no important change in the
phytoplankion community is expected to occur as a wresult of tidal gireans

ey

during the course of a survey.



OBSERVATIONS

POTENTIAL PRODUCTION

Photosynthetic capacity figures recorded in vitro allowed
a comparison of the potentisl production of samples collected at dif-
ferent stations, depths and times.

The illumination in the incubator (0.055 ly/min) was such

that the onset of light saturation of photosynthesis was probably

reached for most phyitoplanktonic species.

sen photegynthetic eapacity and standing stock

3

stock of phytoplankion hesg been estinated

(Van Beveren, 1971, 1972). The correlation bhe~

The ratio

tween pote production and pigr

5 i / 2 F 5% .
production / biomass (productivity s stricto s feirly consiztaent

.

ox a given cruise. Table 1 summarisze > averag nd deviations

N

for potential production and productivity. A1l thege

the same rangs as 4 Hansen (1959).

The reasons Tor discrepsncies (implying differences in the physiological
e -

ionally foumd, cannot be easily explained

ped

have noticed however thet gtations 5
and 6 which are sometimes characterized by higher productivities are
close to the mouth of the River Scheldt. Unususl figures might &
£ Y !

reiated to the viecinity of dumping stations.

On cruises 1 and 2 the productividty has been calculated

W]
{

separately for nemnoplenkion and netplankton (Hommaerts 1972).

2 for netplankton. Malone (1971)

ratio was 5.5

-

hes demonstrated such differences and alsce the divurnal variations of

this ratio for both ecategories.
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The photosynthetic capacity of samples collected along a vertical profile

The photosynthetic capacity remained very constant for most
sampling stations on all cruises. The pbctosynthetic capacity of o sanmple
collected at any level was equivalent, on an average, to 89 % of the
highest figure recorded in the water column (fig. 3). This apparent
homogeneity of the water column was matched by chlorophyll a determina—

&.
s analyses (Blskens and Janss ens, 1971 and 1972).

%2

tions end nuirient

This indicates. that the waters of the North Sea are well mixed in the

ares invesitigated and that turbulence remains high throughout the yesr.
€

,
Bxceptions were obzerved n the moutlys of rivers. In this case, the

: pvd

stratification of the water column - very apparent and the maxinun

ook

phytoplankton was recorded near the surface or nesr the botton accoraing

to the

SES S A E Pser he cimhted mesns )
L1C CcapaclLiy welaived A,

=4

L pattern of a quick decrease from the coast to the onen
sea has been observed on each cruige (figsd), The shape and the height

season).
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of the curves are characteristic

We have unfortunately not enough dats to describe an anmmual cycle, The

his3

spring bloom has escaped onr surveys. Table 1 shows the average levols

of potential production at diffe

Cruiges 6 and 7 immediately preceded and followed the

spring bloom. This may ewplein the low figures of cruise 7. Some abe

~lities are shown in Fig. 43 sanmpling station 18 ((*ruy

[EN

~
-
by
@
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5

characterized by a very high photeosynthetic capacity vel it yas avay
from the coast. This station was also unusual in having o high pro~

s . y ' 'R . B N S ey e S ra ]
ductivity index. Another small group of sampling stations (2689 and

B2

2552 of cxuise 6) showed the reverse choracieristiic (low photesynthetic

(3=

"L

pacity near to the coost).
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These stations are located just off Rotterdam, Sampling stations facing
the mouth of the River Scheldt or Dunkerk sometimes also showed unexpected
photosynthetic capacities,

However, the results indicate that the distribution Qf
phytoplankton production is continuous and graduél for most places in
the South Bight. Differenciated areas (patches) of primary production
were seldom observed. lHoreover, from 50 km off the coast,; photosynthetic
capacities did not depart fro O & Narroy range (1 4o 7 mg C/th whatever

the season (wi@h the possible exception of the spring meom). The maxi-

mum variation of photosynthetic capacity, caused by a tidal change, has

been calculated for all sampling stations of cruises 1y, 2 and 3. The
average variastion coefficient is 1.4 with extreme figures of 1.02 and

2.94. This confirms the impression of continuity of the phytoplankton

densitye



INTEGRATED FRODUCTION  (table 2)

As no vertical gradient (e.g. temperature or phytoplenkton
concentration) other than that of light intensity was measured in. the
water column; the problem of estimating the in situ production is
(NSZL
rather simplified, Stecmann ﬂlClSGﬂ‘haS showm that in situ production
can be calculated from photosynthetic capacity estimates, determination of
the depth of the euphotic region (water transparency factor) and local irro-~
diance data (e.g. length of the day betycen sunrise and sunset). This
’\

calculation has been used as a routine procedure but simulated and real

in situ incubations have been performed to test this model and others.

-3

he water transparency Tactor

The intevcalibration of the Secchi disc and the inmersible

photometer has shown that the coelfficient F in the Poole and Atkinz (1923)

formula Q = PF/D (1§ is the absorption coefficient of the waters
D is the depth of disparition of the Secchi Siwu) varies with the

distance to the coast (fig. 5). A shift in the spectral trensmittance

of the water (e.g. more yellow dissolved substances

]
o]

characteristic
near to the coasgt) may explain thig varistion. The different nature

and prepertics of the suspended pe ticles near and awey from the coast

nzy alsce influence the readings.

The biclogical implicetions of this variation appear when

O

— r~

to ascertain the photo active energy (350-TC0 nm

ge) at any depth. This is poss

selectivities of

; \ :
vhotocell and filters) and

the water are knovwm.
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No complete results about the latter are known from the literature for
the South Bight of the North Sea, but our photometric measurements made
in the 540 nm range.indicate that open-sea waters (farther than 50 knm
off the coast) belong to Jerlov's type 3 of coastal waterswith an irre-
diance transmittence (% / m) of about 80 (Jerlov, 1968, 1970). wéters,
such as the Baltic Sea which are very abundant in yellow substances,

-
391

5 of the transmittance peak (to 550 nm), while

(_~

displey a maximumr shif
the ultra~violet of 375 nm is extinguihed even at 5 n.
The measured transnittance in the Horth 3ea decreases strongly
near to the coast (to about 20 ¢) indicating the shift from water type 3
to water type 9. The meosured proporition of aveilable energy iuncreases

with depth (*rom about 1 % at the surface to about 5 5% at 20 m,; in the

350--700 nm renge, for water type 3) as the speciral ran

‘@ 1g narrowing

towards the photoneter sensitivity rmuuos

levels corresvonding to the meagured 100
?) s o . = [
lie around 100 § /; 10 %, 3 % and 1 % in the area invesitigated. This cor=

rection is considered in the interpretation of in git

first 50 km, in the seme yway asg photosynthetic capecity. For cach cruise,

As a rvesult of the antagonisiic patterns of photosynthetlic

capacity and water transparency no predictible and consistant pattern of

production, as a function of the distance to the coest in the

area studied, can be evolved. Wear to the coast, high potentialities

P

are checked by a2 low transuittia

~  ocf
potentialities ave almost unrcestricted (trensmittance ¢ 80 % / m
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In both cases, the order of magnitude for in situ production is fhe
same (see fig. 9).

The irradiance factor

(175))

In his model, Steemann Hle¢sea has introduced the length
of the day (number of hours between sunrise and sunset) as a parameter
for the cnergy provided to the area studied., In the same way, many
authors consider the ratio "length of the light day / time of the incu-
bation" for the extrapolation of their production measurements to the
whole day. Alternatively, one can consider the ratio "light energy pro—
vided for the da 2y / energy provided for the time of the experiment". Asg

the local irradiance veries much more quickly in our area than in tropiczl

o]

areas, the latlter procedure has been chosen for the calculations of daily

production yith in situ (simulated and real) figures. Thig is an improw

vement o the first procedure as sh orter incubation times give daily
production figures very similar to those computed with resulis of hali-
dey incubations (see sampling stations 11 and 18, table 3). The improve—

1

ment should however be less outstanding, oace the light seturated state

@

of photosynthesis ig reached. Fig. T (b) shows the evolution of the
2 (7 T Dopy wdn Tiva) Hilses
light-gaturated depths for a summer day (7 J/c:m 30 nin, line). Thesge
considerations on real ecnergy distribution in water have been taken into
account for the computation of this line. Fig. 7 (a) shows the annual
variation of local irrediance and allows comparison with the variation

of day length.

Tn situ production caleuvlated versus in situ production measured
o L IS - - N
The correlation coefficient between the calculated daily

: o W aT emen Pearrnla ) avd the i situ orn ived produaction
production (bmeeminu Wielgen formmula) and the in sivu measuvred prod

[N

Pl

is very good (r = 0.92: see teble 3).
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The average vertical profile (fig. 8) calculated with deck
incubations or real %Eifgjgﬂincubations (cruises 6 and 7) shows the
typical surfaée inhibition of photosynthesig. This inhibition pattern
seems to appear from local irradiance 1000 (r )OO) J / cw da,

Host of the discrepancies observed between our experiments

will probably bhe explained by quantitative and qualitative energetical

differences ¢
a) It seems that the conclusions of Berge (1958) on neutral filters
(showing that the results from simulated in situ experiments were not

gignificantly different from those of corresponding samples suspended
simultaneously al the normal depth in the sea) are not always matched

by our experiments (fig. 8). This is probfly related to the Aiff

between pholtometer reedings of energy levels and real energy levels.

b) The comperisen of the nete / nagnoplﬂﬁkton ratio

(simulated) neasured for the same san

thisg ratic is a

ro experinents

contribution of

One Tinds this mostly

<

is thought that spectral diffcrences hetween laboratory and deck in—
cubators account for the differ
(2bout 2 times). At the surface

lective effect (affecting mostly

nannople
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Mutrients uptake

" . . &
Among many authors, Fleming (l9éﬁ), Ketchum end Redfield

(1949), Vinogradov (1953) and Riley aga al. (1956) have analysed marine

phytoplenkton in mixed populations or in pure culfures. The ratios they
have observed between the major constitutents of the cell (¢, W, P and
also Si) were statisti cally congtant. As nutrients are withdrawn from

the environment in the proportions required for the growth of primary

producers, such ratios provide o stoechiometric basis for evaluating

1

the uptake of nutrients rem

phytoplankton activity. On ar

m

Lk
L

£
o
O
?
o)

average, for a

’U

production of 1 mg C , 0,11 ng M , 0.0L mg P

should be taken upe.

/

T I N ] . 5 s e
Futrients concentrations (e.g. WO 11

- -
= [ 3 -~ i R I
3 determined by blskens
= 2

ewd Janssens, 1971 and 1972) plotied ag a Tunction

L with primery pro

This only makes sense in g well mixed and shallow environ-
ment where the whole of the waler column is concerned with upperlayer

.

photogynthesig. One

O
‘:\)‘
B
:
0
@
cl_
o
B
b
=
<t
=
o

proGucticn is relatively

of the distance from the ccast, as discussed in the section on vater
¥

decrease ig denmons

2 game plienone i

¢
&

e North Sca as occurs with time in a

o

is likely to occur in gpace in

the coast

L"

vironment, a continuous input of nutrients at

Q
)
]
w
0}
£
0
i}

ized by the phytoplenkion community. At constant

gi“Ou transcet, &

CURNVe the mutrients. The lower the upitake, the weaker

hypothesis will be discussed in & fulure paper.
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COXNCLUSIONS

uch tfopics as those reviewed in this paper have been

emphasized al the Conference on North Sea Science, held in Aviemore
(Scotland) in November 1971. It was then written in the Recommendations s
"We lack detailed knowledge of such things as changes in, and the levels
of, solar radiation, turbidity, mixed layer depth, wave action, 6-14 uptake
and supperting chlorophyll 2 levels, These are necessary to determine
more exactly the levels éf primary production in different parts of the
North Sea and variations from year

We feel a few answers have been given to these guestions .

t

o reviey them in the same crder ¢

L

One can attemp
l. Solar radiation

Coastal meteorclogical stations such as at Den Hasn, Belgium; are
thought to provide sufficient information on solar radiation in the

L] £
area. We have seen that the annual variation of irradisnce ranged from
STy T i 2 ] C le) m % 1 : T o 2 T

55 to 2479 oouies/cm day in 1971. The minimun renge is 0-6 U/Gm 30 min.

. z x .
in the winter and 0-1Cl /om 30 min. in the

The penetration of light energy in

o

also depends on turbidity and speciral gittance charecteristics.

ney hag been investigeted with an immersible phote--

R

ter transperc

Wat
meter sensitive in the 500~600 v venge. OWresults indicate that the

vrobably to Jerlovis

South Bight waters belong

terized by a shift of the transmititonce peak to

low nezr to the coast {transmittance at 540 nn

to increase very guickly in the open geo.
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It is stabilized at 50 km off the coast (transmittance at 540 nm : 80 % / m).
Accordingly, available energy can be computed for any depth. The 7 J/cm2305j
limit (about 10.000 lux) above which light saturation or even inhibition

of photosynthesis is likely %o ocour ranges from O m (5 h) to 11 m (13 h)
deep on the sunniest summer dey in open sea. On the other hand, the

1 ¢ irradiance level { compensation depth) ranges from 2 m near to the

coast to 25 m in the open sea.

. Vixed layer depth

(V%)

o

The first conclusion of our in vitro C-14 uptake experiments yas that

oA =

no siratification occurs in the water column ns samples taken at differen

L QPO Panmam A e s b AP
ievels from the surface to the

depth extends to the bottox
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wove aotion on primaxy production. It
the phytoplankton concen tration by a factor
1e4 on an average.

5¢ C—~14 uptzke

Uptake experiments were perfos

In vitro nmesgurenents

L5 s : 1

nore

are poltentially much more productive

stationsy Such o pattern of

each cruise. Stabilization of

- by SO o I . S P NP Ny F
The differences betw

inter ¢ 5 mg C/m h) than in the

a5 E T KN S B
to the cosst (summer ¢

23

3 ng C/m 3h}e
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In the summer, the nannoplankton has been shown to be a ma jor contributor
to open sea production whereas netplankton contribution is greatest near
to the coast. In the winter nannoplankton is dominant everywvhere,

In situ production was calculated from in vitro figures using

ulhsz ). . e .
the Steemann Nielsen formulas. Comparison with in situ experiments proved

to be very good. The general picture is that of an in situ pvoductlo

pattern independant from the distance to the coast as a higher transparency

)

in the open sea compensates the lowver pote sntiality exhibited per unit vo-
. s s ; 2
lume. The figures of in giiu production remge from about 100 0 mg C/m° day

: . ; " 2 " ’ ; 3
in the winter to 1500 ng C/m day in the sunmer. No information is

The normel level for the South Bight

available on spring bloon

: ; ; 2
the North Sea scems to lie arvound 500 mg G/m daye

determinations made hy

ivity (i.e. production / biomass »atio)

o
o

The computation of the produc

using potential production figures and chlorophbyll o levels gave rather core

Thig indic

is good., The ratio level is significant

It is lower in

ons,
4y it e A
implying o &i
As a lest point, the relationship belbween primzry production

end nutrient uptake wes discussed and production-upteke figures compad

with




It is thought that for a given cruise the rate of decrease
of nutrients along a transect perpendicular to the coast is correlated
with the general production level in the same way that it would be in

time in a closed environment,

16,
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Table 1 . Average potential production and productivity for cruises O to 7

Cruise Date Stations Average pot. Average pro-— 'Std deviation
prod3 ductivity - productivity
(mg C/w’h)
0 230171 -~ within sta— 3.71 - o
: 050271 ticns 1-8-5
triangle
1 230671~ 1 - 15 8.68 3.6 240
090771
2 170871~ 16— 25 18.00 5.4 2.0
260871
3 070971 52 ~ 60 15.51 Byl 1.2
230971 (+ 1,2)
5 030172- 1 - 25 2,37 3.8 1.2
140172
6 040472~  radial 6.17 - -
180472 network
7 260672~ 1 -25 3.85 3+53 1.32

140772

<



Integrated production (average and extreme figures

Table 2 .
0 to T -
Cruise Production  ( mg C/n°day ) calcvlated
_ average min. (stat)nax. (stat)
0 7107 22 (2) 242 (6)
1 694 298 (1 & 11)[1488 (7)
2 1398 572 (24) | 3226 (18)
3 971 224 (54) | 1705 (60)
5 122 41 (5) 221 (23)
6 327 128(2689) | 540 (1693)
T 646 214 (7) 1915 (5)

) for cruises



«

Table 3 . Calculated (Steemann Nielsen formula) and in situ measured
primary production figures .Between brakeis ¢ incubation hours

(otherwise : from noon to sunset)

Station Productign measured Production calculated
(ng ¢/n° day ) ( mg ¢ /n” day)
cruise 6 |
1344 262 230
1693 495 - 485
67 283 333
61 - 382 . . 418
gﬁg@gqﬁ{_ )
1 251 395
2 955 . 667
3 268 ' » 341
6 358 ‘ 305
g ' 272 390
11 (1--21) 1996 ’ © v 1425
11 (14-16) 1901 ST 1425
15 713 e 712
18 (12-21) 512 - 572
18 (12-14) 548 sy 572
18 (12-16) 502 ; 572
20 800 o 345
21 621 : . 590
o2 875 690
£5 : 217 o 440
gruige 8 |
1930 167 271
1778 206 138
12 ’ 296 ' 617
65 936 ' 044

O 973 613



Legends of the figures

Fig.l .

Fig.2 .

Figﬂ 3 °

Figofﬁ .
B.
Fige & ]

Sempling network in the eastern half of the South Bight,

Specd vectors of tidal streams measurcd at the surface in
the Wielingen pass (after Codde and De Keyser ,1967).

Average depth profile of potential production.
Each potential production result has been erpressed as a
percentage of the maximum figure recorded in the water column.
Then the figures were sveraged for every cruise and relative
irradiance level ., The optical depth scale is such that each
unit causes a halving of irradiance. ' '

Potential prdduction results of cruises 1 to 7 ; plotted as
& function of the didstance to the coast .

~ .
Relationship between Secchi disc measurements and absorption
coefficient as ©w function of the distance +to the coast.
Lbsorpiion coefficients measured in the 540-600 nm range for
cruises 1 to 8 and plotted as a function of the distance 1o
the coast.

Daily global irradiance from 21th december 1971 to 30th
september 1972 (Den Haen meteorological station). The black
dots show the evolution of day length (from sunrise %o sunset).
The hatched areas represent cruiges ( cruises 5 ,6,7 and 8 ).

o~

Global surface irradiance (histograms) in the coursed of a
summer day (indicated by an arrow in (A)) and evolution of
the light—saturated column (7 J/cm ¢1/2h line).

Average depth profile of primesry production . Black circles :
real in situ incubations . White circles ¢ simulated in situ
incubations . '

tutrient concentrations (mitrate) at cruise 1 as a function
of the distance to the coast (black circles with sampling
stetion numbers) and primary production (white circles).

The reason for stations 2 and 3 being exhausted is unknown at
present time.
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