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1. Introduction 

For the past 25 years, staff of the Directorate of Fisheries 
Research at Lowestoft have been engaged in biological 
studies of the fish stock and recruitment problem. These 
studies have consisted of periodic egg and larvae 
surveys, aimed specifically at the plaice, Pleuronectes 
platessa, but also embracing other species occurring in 
the surveyed areas. Most of these surveys have been 
undertaken in the Southern Bight of the North Sea, but 
surveys have also been made in other sea areas where 
the intensity of plaice spawning differs from that in the 
Southern Bight. These areas were the Irish Sea in 1965, 
the central North Sea and German Bight in 1968, and the 
English Channel in 1968 and 1971. The specific objec- 
tives have been to determine the mechanisms operating 
during the planktonic phase which generate year to year 
variation in year-class strengths of plaice. 

For 1976, it was proposed to extend these studies and to 
survey an area for a whole year, widening the scope of 
the objectives to include: 

i. a general study of the distribution, mortality and 
drift of fish eggs and larvae; 

ii. determination of the potential predation of fish 
eggs and larval fish; 

transition areas between central North Sea and coastal 
plankton communities, with associated frontal zones, 
and with a double peaked production cycle. No systematic 
plankton surveys had been undertaken in this area of the 
North Sea since the Hamborough line (Cattley, 1954) was 
discontinued in 1960, so this study will fill a fundamental 
gap in our basic biological knowledge of the area. Two 
additional attractions in favour of conducting the surveys 
in this part of the North Sea were that: 

i. they would complement the detailed study of 
fishable stocks already being carried out in the area, 
and link with the annual young fish surveys on this 
coast; 

ii. the annual production in this area could be 
compared with that shown by the more detailed 
studies of the spring production cycle in the 
Fladen Ground Experiment (FLEX) and linked 
with the Joint North Sea Data Acquisition Pro- 
gramme (JONSDAP) hydrographic survey 
covering the whole of the North Sea during the 
spring of 1976. 

It was decided, therefore, to undertake a one-year 
intensive series of surveys of the plankton in this area of 
the North Sea in 1976, backed by less intensive surveys 
of the nursery areas in 1976,1977 and 1978. 

iii. a study of the factors which determine the distri- 
The primary aims of the surveys were: 

bution and abundance of young fish on nursery 
grounds; i. to study the seasonal distribution and intensities 

of the spawnings of the more important commercial 
iv. an examination of interrelationships of fish 

fish species; 
species in the planktonic phase. 

ii. to estimate abundance and mortality in the egg 
These objectives limited the choice of study area to one and larval stages of plaice, cod, herring and any 
where: other species for which development data became 

available; 
i. the identity of the fish stocks was known or could 

be determined; iii. to determine the major predators on fish eggs 

ii. spawning areas and nursery grounds were in close 
and larvae by examining the stomach contents of 
potential plankton and fish predators; 

proximity; 

iii. there was an appropriate mix of fish species of 
iv. to determine the course and speed of the larval 

drift to their nursery areas; 
commercial interest; 

iv. surveys could be made frequently enough with the v. to determine subsequent recruitment, growth and 
mortality of the young fish. 

resources available. 

The final criterion restricted the choice to the North Sea. 
Whilst previous experience in the Southern Bight was an 
attraction to that area, surveys of the nursery grounds 
would have entailed working in an area where the 
Netherlands programme was well advanced. The area 
between the east coast of England north of the Wash and 
the western edge of the Dogger Bank fulfilled all the 
biological and logistical criteria. This area is very 
important to UK fishing interests because it carries an 
exceptional mix of fish and shellfish species of commercial 
importance and includes a major herring spawning 

Secondary aims, which were related to the major 
objectives and could be achieved simultaneously were: 

vi. measurement of the standing stock of phytoplankton 
in terms of chlorophyll a and phaeophytin, 
identification of the major species in size and 
relative numbers contributing to this fluorescence, 
and examination of spatial, seasonal and vertical 
distribution and of algal succession; 

vii. estimation of zooplankton biomass volumetrically 
and in terms of particle sizes; 

ground. It is biologically interesting because it contains viii. an investigation of fish larval feeding; 
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Figure 1 Grid of sampling stations off the north-east coast of England showing ICES sub-rectangles. 



ix. examination of the vertical distribution of larval 
fish to determine when the larvae become demersal, 
and to assist in the interpretation of standard 
plankton hauls; 

X. estimation of sampling errors, by taking replicate 
hauls and by doing small-scale replicate grids; 

xi. measurement of irradiance, extinction coefficients 
and turbidity in the vertical water column; 

xii. sampling of lobster (Homarus gammarus) larvae 
with a neuston net in areas of known occurrence of 
berried females. 

The biological programme was to be closely supported 
by hydrographic observations directed towards under- 
standing the major features of circulation in the area, 
and linking with the JONSDAP exercise. A comple- 
mentary programme was undertaken to monitor most of 
the important physical and chemical properties of the 
sea off the north-east coast of England. 

3. Sampling methods and sampling gear used 

3.1 Hydrographic sampling 

With the exception of the moored current meter network, 
all the hydrographic observations were made from the 
vessel conducting the plankton survey. 

Temperature-at-depth profiles at each sampling station 
were obtained from the chart records of the electronic 
depth gauge and thermistor sensors mounted on the 
plankton sampler. The thermistor used was calibrated 
against a secondary standard thermometer and the chart 
records corrected accordingly. The response time for the 
thermistor, as mounted on the plankton sampler, was 
1.5 S for each degree centigrade over the range 2°C- 
20"C, which must be compared with a vertical progres- 
sion of the sampler of 0.12 m s-' both on shooting and 
hauling. 

Throughout each survey the sub-surface water was 
continuously monitored through a stainless-steel ship- 

The work at sea was to be complemented by laboratory board pumping system. This pump had an intake 4 m 
observations on the development rates of eggs and below the sea surface and delivered uncontaminated sea 
larvae of selected species; emphasis would be on ageing water to environmental sensors set up in the ship's 
the larvae of plaice, cod and whiting. laboratory. The temperature, salinity, pH, dissolved 
2. Design of the surveys 

A grid of stations based on the ICES statistical rectangles 
was laid down over the area from north Norfolk to 56ON 
and to longitude 2OE (Figure 1). Sampling points were 18 
nautical miles apart longitudinally and along latitude 
lines 15 nautical miles apart. In the centre of this grid, to 
the north of the River Humber and to the south of the 
River Tyne, intermediate sampling points 9 nautical 
miles apart were designated; this central part constituted 
the main priority plankton sampling grid. Frame trawl 
hauls for young fish were to be made at selected stations 
whilst additional inshore stations were designated for 
neuston net hauls between July and November. 

This survey grid was worked on twelve cruises between 
the end of January and the beginning of November. 
Seven cruises were planned for the first four months to 
sample cod and plaice spawnings, while the remainder, 
at approximately monthly intervals, were to sample 
summer- and autumn-spawning fish. 

RV CORELLA* undertook the first eleven of these 
surveys; the final survey was by RV CLIONE. 

Each survey lasted approximately twelve days. This was 
sufficient for the grid of plankton stations to be com- 

oxygen and transparency sensors were mounted in a 
specially constructed Perspex box through which the 
pumped water flowed continuously. 

The environmental sensors were calibrated at regular 
intervals during each survey: the pH, dissolved oxygen, 
temperature and transparency calibrations were made 
against known standards. For the salinometer, electronic 
calibration was augmented by regular, accurate 
salinometer measurements on water samples. 

The pumped sea water supply was also used to take dis- 
crete samples at each station for subsequent salinity and 
nutrient salt analysis. One 250 ml sample fixed with 1 m1 
chloroform was taken for nitrate, nitrite and phosphate 
analysis and a 150 m1 sample was stored in a polythene 
bottle and deep frozen for silicate analysis. 

On five cruises from March to the end of August, discrete 
water samples at 5 m depth intervals between the surface 
and the bottom were taken, using a series of Nansen 
water bottle casts. These samples were subsequently 
analysed for total chlorophyll a ,  phaeophytin a ,  nitrate, 
nitrite, phosphate, silicate and salinity, and the tempera- 
ture at each depth was recorded. 

pleted once and to leave time for secondary aims not A solarimeter mounted at deck level, was run continuously 
with the plankton survey. throughout each survey, giving a chart record of total 

e.g. midwater trawling for fish predators, vertical incident light energy (W m-2) at the sea surface. A 
distribution studies of fish larvae and replicate plankton simultaneous record from a quantum cell, responding 
hauls in varying densities of fish eggs and larvae. over the photosynthetically active range (P.A.R.) of 400 
Ir A vessel which at the time of the survey was owned by nm-700 nm wavelength, was displayed on the same 
MAFF but which is no longer in service with MAFF. chart. 





Between February and October, at each vertical dis- 
tribution sampling point and at some other selected 
inshore and offshore positions on the survey grid, a 
series of quantaspectrometer observations was made. 
The instrument was used at 5 m depth intervals from the 
surface to the sea bed to give a vertical profile of light 
wavelength penetration over the 400 nm-700 nm P.A.R. 
The spectral scan thus obtained was both displayed as a 
chart record and integrated to give total quanta m-'s-'. 
Synchronised observations were made with two reference 
cells, one mounted adjacent to the quantaspectrometer 
and the other recording just below the sea surface. 
Selenium cells, filtered to give a V h response, were 
used as reference until August when they were replaced 
by quantum cells giving the same P.A.R. response as the 
quantaspectrometer. 

Moored current meter rigs and Woodhead seabed 
drifters were used to study the major features of the 
circulation in the area. Figure 2 shows the general 
bathymetry of the area, the location of the six moored 
current meter stations and the seabed drifter release 
positions. Four moored stations, NE1-4, were deployed 
especially for these surveys, and they were suplemented 
by two stations, JONSIS 1 and 2 (J1 and J2), which had 
been in existence since January 1971 (Hill, 1971). Each 
station comprised a standard Lowestoft rig (Baxter and 
Bedwell, 1972), with two meters at stations J l ,  52, NE1 
and NE2, but with only one meter at the shallow water 
stations NE3 and NE4. Further details of the operation 
of these moored stations and of their data return are 
given in Table 1. 

Table 1 Details of the data return from the moored 
current meter stations deployed during the 
north-east coast exercise, 1976 

Number of 
Days days of good Gross 
deployed data collected percentage 

NE1 Top 
Bottom 

NE2 Top 
Bottom 

NE3 
NE4 
J1 Top 

Bottom 
52 Top 

Bottom 

Between 650 and 800 Woodhead seabed drifters were 
released on every cruise, mainly in batches of 50 by the 
soluble string method (Ramster, 1965) at up to 15 of the 
22 positions shown in Figure 2: the planned network of 

14 release positions had to be modified on some cruises 
because of weather conditions and other logistical 
factors. The release pattern is shown in Table 2; it 
includes an additional release position, A4, of special 
interest to the local Water Authority, where 100 drifters 
were released when the station was occupied. 

Meteorological observations were made routinely at all 
stations on every cruise; they included wind strength and 
direction, sea state and cloud cover. 

3.2 Plankton sampling 

3.2.1 Total phytoplankton as chlorophyll a 

The same sea water source as used for hydrographic 
monitoring was used to deliver a continuous supply to a 
Turner model 10 fluorometer, specially modified to 
enable the standard instruments to be used for the 
measurements of in vivo chlorophyll a fluorescence in 
concentrations ranging from 0.04 to 10-15 g 1-' (Lincoln, 
1976). As continuous monitoring of in vivo fluorescence 
of chlorophyll a only provides a broad picture of phyto- 
plankton distribution, frequent calibration of the 
continuous measurement is required if phytoplankton 
standing stock is to be measured more accurately. 
Variability of in vivo fluorescence per unit chlorophyll a 
is caused by species differences, light intensity, nutrient 
deficiency, temperature, the presence of phaeophytin 
'a' and other factors. At each plankton sampling station 
on these surveys, an acetone extract of chlorophyll, from 
a 500 m1 sample of the pumped sea water, was prepared. 
The chlorophyll a fluorescence of this sample was 
measured using the Turner model I11 fluorometer fitted 
with a discrete sample holder. Phaeophytin 'a' fluores- 
cence was also measured by acidification of the original 
extract. These calibrations (described in more detail by 
Lincoln, 1976) were then used, together with previously 
obtained calibrations of the instrument against a spec- 
trophotometer, to convert the continuous readings into 
chlorophyll a pg 1". Additionally, the proportion of 
fluorescence attributable to the nanoplankton was 
obtained by measuring the in vivo fluorescence before 
and after passing part of the sample through mesh of 
pore size 10 pm. 

3.2.2 Operation and calibration 

The sampling gear used for the main surveys was the 
Lowestoft multipurpose plankton sampler (Beverton and 
Tungate, 1967). In its modified form, which was the 
standard for these surveys, this sampler consists basically 
of a 30 inch (76 cm) diameter fibreglass tube enclosing a 
conical nylon filtering net, 185 cm long. The mesh of the 
net has an aperture of 270 pm and a porosity of 46%. 
Water enters the net via a hemispherical nose cone with an 
opening of 16 inches (40.6 cm) diameter giving a 7: 1 ratio 
of open area of net to sampler mouth opening. 



Table 2 Seabed drifter release positions and dates in 1976 

Release Position 

A 1  A 2  A 3  A 4  A 5  A 6  A 7  A 8  A 9  A10 A l l  A12 
5Y37'N 55'16'N 55'22'N 55O05'N 54"52'N 54"53'N 54"22'N 53"33'N 53'36'N 53"32'N .53"37'N 53"001N 
01°37'W 01°28'W01014'W 01"16'W01°15'W 00°33'W00010'W OO"OSfE OO"lSrE 00"32'E 00°44'E 00"32'E 

(a) INSHORE 
Release Date 
No (1976) 
1 27Jan 
2 28Jan-8Feb 
3 19-23Feb 

4 9-15Mar 
5 11Mar 
6 27Mar-3 Apr 

10 28 May-2 Jun 
11 8-13Jul 
12 13-22Aug 

13 5-13Sep 
14 29 Sep-7 Oct 
15 27 Oct-3 NOV 

Release Position 

(b) OFFSHORE 
Release Date 
No (1976) 
2 28 Jan-8Feb 
3 19-23Feb 
4 9-15Mar 

10 28 May-2 Jun 
11 8-13 Jul 
12 13-22Aug 

13 5-13Sep 
14 29 Sep-7 Oct 
15 27 Oct-3 Nov 

X indicates drifters released a t  positions and dates indicated. 

1 0  
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