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1. INTRODUCTION

This report describes and analyses results obtained on RRS Discovery Cruise 156
to Great Meteor East - GME (Roe, 1985a). The cruise was primarily biological
and was intended to provide a biclogical characterisation of the site for the

Department of the Environment.

Work at GME commenced on 27 June 1985 and was completed on 21 July. Sampling at
GME was done in and around a 10km square centred at 31°17'N 25°24'W. This
square was chosen by IOS in response to a DoE request to concentrate work at GME
within a 100 km® area. Of necessity our trawling extended beyond this square,
but both this and the physical observations were concentrated within the
smallest practical area - bounded by 30°49' - 31°35'N and 24°951' - 25037'W
(Figs. 1.I, 1.II, Table 1.1).

In addition to site specific studies, shallow CTD casts with chlorophyll a and
nutrient observations were made on passage to GME (Table 1.1), and Expendable

Bathythermograph (XBT) transects were worked en route to and from the site.

A few parts of this report have been presented previocusly. An interim report on
the biological sampling at GME (Roe, Domanski and Fasham, 1986) described and
discussed the general physical oceanography of the area, the vertical
distributions of chlorophyll_g and nutrients, and primary production
measurements and results. Tyler and Muirhead (1986a) described aspects of
echinoderm reproduction based on material collected on Discovery Cruise 156.

For the sake of completeness this work is all reproduced either totally or in
summary in this final report (Sections 2-4, 28). Following a description of the
various sampling methods and laboratory analyses the midwater and benthic faunas

are discussed by individual authors. A4n overall discussion and summary

completes this report.
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2. PHYSICAL OCEANOGRAPHY M.J.R. Fasham

The GME investigations were carried out in a box contained within latitudes
30°49'N and 31°35'N and longitudes 25°37'W and 24°51'W. Accerding to Siedler,
Zenk and Emery (1985) this would put it to the south of the subtropical front
(Fig. 2.I) that represents the eastwards extension of the Azores Current (Gould,
1985). This front is typified by a marked change in the depth of the isotherms
and the XBT survey carried out en route to and from GME showed that the front
was crossed at around 33°5'N, 23°3'W (Fig. 2.II). Note that the depth of the
16°C isotherm changes by 200m across the front. No significant change in the
depth of the 16°C isotherm was observed during the work at the GME site,

indicating that there was no southerly movement of the front during the cruise.

Stramma (1984) has used historical temperature and salinity data to calculate
the integrated volume transport between 0 and 800m in the south-eastern Atlantic
(Fig. 2.III). These show that in the GME area the prevailing current direction

is likely to be south-easterly.

Deep CTD profiles down to 5424m were made on five occasions during the cruise.
The profiles of potential temperature, salinity and sigma T against depth for
station 11262#7 are shown in Fig. 2.IV and the potential temperature versus
salinity plot in Fig. 2.V. These show the familiar water mass structure for
this part of the North Atlantic with North Atlantic Central Water in the top
800m overlying Mediterranean Water which shows up as a salinity maximum at

around 1100m. Below 3000m the temperature and salinity show the uniform

Ccharacteristics of Atlantic Deep Water.



3. VERTICAL DISTRIBUTION OF CHLOROPHYLL AND NUTRIENTS M.J.R. Fasham

On the initial leg out to the GME site a series of vertical profiles of
temperature, salinity, chlorophyll a and nutrients were made. There was a
marked change in the vertical distribution of chlorophyll a on crossing the
front at 33°5'N (Fig. 3.I). North of the front the Deep Chlorophyll Maximum
(DCM) was at a depth of between 28 and 70m (mean = 50m, s. dev. = 17m) and had a
magnitude between 0.6 and 1.2 mg m—3 Chlorophyll a (mean = 0.68, s. dev. =
0.19). Whereas to the south of the front the DCM was at a depth between 88 and
105m (mean = 98, s. dev. = 9.7) and had a magnitude between 0.38 and 0.52 mg

m ~ chlorophyll a (mean = 0.46, s. dev. = 0.07). A similar reduction in the
magnitude of the DCM on passing southwards across the front has been observed
farther west in the Azores Front (Fasham et al, 1985) and is considered to be a

permanent feature of the phytoplankton chlorophyll distribution.

Shallow CTD dips to 300m were made on eleven occasions on the first leg of the
cruise which provided vertical distributions of temperature, salinity, density,
chlorophyll a concentrations and underwater irradiance. A typical vertical
distribution of these variables for GME is shown in Figs 3.II and 3.III for
Station 11261#42. There was a very shallow mixed layer of approx. ém below which
the seasonal thermocline extended down to around 100m. The DCM was at a depth of
95m with a magnitude of 0.47 mg m_3 chlorophyll a. The 1% light level was at
86m. Good underwater irradiance profiles were obtained on six occasions and the
mean depth of the 1% light level was 87m with a standard deviation of 4m. There

was a significant difference at the 1% level between the depth of the 1% light
level and the depth of the DCM.

Some nutrient samples were taken and showed the usual structure of high values

—

at depth (5.5 to 6.0uM of nitrate/nitrite at 300m), decreasing through a

nutricline to values of less than TuM nitrate/nitrite within the DCM and in the
surface 100m.
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4. PRIMARY PRODUCTION P.A. Domanski and M.J.R. Fasham
Primary production experiments

Four experiments were run at the GME site to estimate the daily rate of carbon
fixation due to phytoplankton photosynthesis. The method used was the Carbon-14
technique (Steeman Nielsen, 1951, 1952) in which known amounts of radioactively

14

labelled sodium bicarbonate { COS) are added to seawater samples containing

natural phytoplankton communities. If the total amount of CO2 in the sample
water is known and a measured amount of 14CO2 is added, then by determining the
amount of MC incorporated into the phytoplankton after an incubation period the

total amount of carbon assimilated can be calculated.
Sampling

Water samples for light saturation experiments were collected with 7 litre
Niskin bottles using the hydrographic winch. The bottles, together with all
sample water containers used during the experiment had been thoroughly cleaned
prior to going to sea, first using acid washes (0.25M nitric followed by 0.25M
hydrochloric) then rinses with double distilled water. This precaution was
taken to remove trace metals which would have had a detrimental effect on the
algal communities being measured (Fitzwater, Knauer and Martin, 1982). Most of
the samples were obtained from the deep chlorophyll maximum layer (DCM)} but two
samples were taken about 20m above this depth. Small volumes were drawn off
from the samples for the determination of chlorophyll a concentration and
additional sub-samples were taken and stored in Lugels and in 2% formaldehyde

solutions for qualitative analysis of the flora.

Size fractionation

Post-incubation phytoplankton cultures were removed using two types of filter.
To obtain estimates of total productivity samples were filtered through Whatman
GF/F glass fibre discs, these effectively remove all phytoplankton (nominally
>0.4um). Nuclepore 1um filters were also used and in three of the four
experiments estimates of picoplankton productivity (ie. cells <1pm diameter)

were obtained by subtraction of Nuclepore from GF/F results.
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Incubation methods

Sample water was immediately transferred from niskin bottles to darkened Nalgene
carboys and all subsequent sample handling was performed in subdued lighting.
The incubation chamber essentially consisted of an insulated box taking two
files of culture bottles with a light source in front enabling two productivity
determinations to be carried out simultaneously. A Thorn 2000W halogen lamp was
used as the light source; temperature control was achieved by three separate
circulating water chambers - the main one being the incubation box itself.
Cooling water was obtained from the ships seawater supply. Prior to filling,
60ml transparent polycarbonate culture vessels were first rinsed with the sample
water and then injected with 0.1ml of sodium bicarbonate MC solution made up to
give a "spike" of 10uCi per container. The vessels were then completely filled
with the sample water, shaken and placed in the incubator. 1 ml extracts of the
spiked samples were then taken from a number of cultures to obtain a more
accurate measure of the specific activity of the MC added. These extracts were

preserved in Fisosorb 2 scintillation cocktail for later measurement in the UK.

Each experiment comprised two light saturation runs of 36 cultures, filed behind
the light source. The culture vessels attenuated the light over two and a half
orders of magnitude ranging from about 500W m™° in front of the light to 2W m=°
at the back: 33 cultures of each run were used for the light uptake and the
remaining three blacked out to measure the dark reaction. Each culture bottle
was carefully positioned and labelled so that later, when the MC uptake had
been measured for each culture, corresponding light values could be ascribed.
Incubation by exposure to the light source was set at 3hrs, after which the
apparatus, complete with culture vessels, was removed to a darkened laboratory.
Using a filtration rack and a mild vacuum pressure (< 10kPa) the phytoplankton
in the cultures were deposited on to filters as quickly as possible. The
filters were placed in glassine envelopes and stored at -20°C for later

measurement in a scintillation counter. The culture vessels were then refilled

with more water from the same sample and replaced in the incubation chamber.

Light attentuation curves were obtained by switching back on the light source
and measuring the light level behind each culture bottle with a Crump lightmeter

working from the back towards the lamp.
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Sample analysis

14C uptake by the cultures was measured at the radiological facilities at IMER,
Plymouth. Unassimilated carbonate/bicarbonate was removed from the filters by
exposing them to HCL fumes for 10 minutes prior to being transferred to vials
containing Fisofluor 3 scintillation cocktail. Counting was performed using a
Packard scintillation counter which provided data automatically corrected for
quench. Carbon uptake was calculated using the method described by Strickland
and Parsons (1972) and converted to specific production by dividing by the

chlorophyll concentration of that sample.
Phctosynthetic parameters

From the measurements of specific production, PB and irradiance, I, a non-linear
regression technique was used to estimate the parameters in the
production-irradiance curve given by the equation

-al/P -pI/P (1)
PP 2P (1 -e e S

"'n7!) is the light
saturated rate of specific production in the absence of photoinhibition, «

S R S
(mg C [mg chl a] h ! W 1m 2) is the initial slope of the curve and g (same

derived by Platt et al (1981) where Py (mg C mg chl a”

units as o) is a parameter Characterising the photoinhibition in light
saturation conditions. An example of the experimental data and a fitted curve
is given in Figure 4.I. Pmax’ the chlorophyll-specific photosynthesis at light

saturation, or assimilation number, can be calculated from the parameters o,£
and Ps using the equation

B/
- o g
Pmax h Ps<a+8 Q*B) (2)

and Im’ the irradiance at which photosynthesis is optimal can be calculated from

the equation
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- a +B

I =\_%) 1 (3)
m ~ 3

Parametric data for all four productivity runs are given in Table 4.1. Several

points emerge from these data, firstly that phytoplankton from the DCM were
photoadapted to a lower light regime than those from nearer the surface; Im for
three GF/F filtered samples from the DCM (ca 90-100m) varied between 23.23 and
61.8W m-2 whereas values for GF/F filters from the two samples 20m or more above
the DCM were 74.4 and 80.35W m . Secondly, in the DCM, Phax for GF/F filtered
samples (le. all phytoplankters >0.4um) was considerably greater than
corresponding values of Pmax for 1um Nuclepore filters. This implies that, in
the DCM, the <lum phytoplankton fraction had a greater photosynthetic efficiency
than the >Tum component. This difference in efficiency was much less marked in

a sample taken well above the DCM.

A third point worth noting is that, in the DCM, we have calculated values of 62%
and 70.2% for the proportion of production attributed to the <lum phytoplanktcn
component, this agrees well with Platt et al (1983) value of 60% for
picoplankton to the west of the Azores. However, it is interesting to note that,
for above the DCM, we have obtained a value of 56.6% for the proportion of
productivity due to the >lum fraction. This does indicate some difference in
the relative importance of the two size fractions at different depths in the

euphotic zone.
Calculation of daily production

It is obviously of interest to estimate the total daily net primary production
in the euphotic zone. If the chlorophyll a concentration at depth z (measured
using the in situ fluorometer) is C(z) and the chlorophyll specific net

production is P(z) then, assuming that there is no net growth of phytoplankton

during the day, the daily production PT is given by

P = J® Plz,t)Clz)dz at (4)
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where Ze is the depth of euphotic zone. It is generally considered (Dring and
Jewson, 1982) that 14C primary production measurements of duration 3-4 hours are
estimates of gross rather than net production. An estimate of respiration rate
is required to convert this to net production and it is usually assumed that the
respiration rate is one tenth of the maximum photosynthetic rate Pm (Steeman

Nielsen and Hansen 1959). Pmax can be calculated from equation (2).

Using equation (1) for the gross production, the net production at depth z is

given by

P(z,t) = P_ (1 - exp(-allz,t)/P )) exp(-RI(z,t)/P ) - 0.1P (5)
s s s max

where I(z,t) is the irradiance at a depth z and time t. It is now necessary to

determine a parameterisation for I(z,t).

Fasham et al (1983) have shown that observed irradiance-depth profiles can be

very well fitted using the equation

-k.z -k.z

A
I(z,t) = YIO(t)(a1e + aye 2 ) exp(-kC L} C(z)dz) (6)

In this equation Io(t) is the surface irradiance at time t and y the surface
transmittance, k1 and k2 are the attentuation coefficients for two main
components of the visible spectrum, and it is assumed that k1 < k2' a, and a2
are the proportion of these components in the total irradiance and kc is the
phytoplankton self-shading coefficient which parameterises the light absorption
of the phytoplankton. The surface irradiance at time t was calculated using the

methods described in Brock (1981).

Fasham et al (1983) have shown how these parameters can be estimated from an
irradiance-depth profile and such estimates were made for stations 11261#49 and
11261459 for which good irradiance profiles were available (see Table 4.2).
Stations 11261#25 and 11261442 were observed very early in the morning and so

parameters could not be estimated for these stations. The parameters for
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station 11261459 were used for these stations when calculating PT'
Using the equations given and the estimated parameters of the
production-irradiance curves (Table 4.1, GF/F filtered samples) and
irradiance-depth profiles (Table 4.2), the total daily production can now be
calculated for the four stations from the profiles of chlorophyll a
concentration. The depth of euphotic zone ze was taken to be the depth above
which the total net daily production was positive. A trial integration showed
that this was approx. 87m, which interestingly was the same depth as mean depth

of the 1% light level, which is often taken as representing the depth of the
euphotic zone.

With the exception of station 11261#59 the estimates of daily production (Table
4.3) are very similar giving us some confidence in the mean value of 227mg C
m_2 day—1. However, it is worth remembering the many assumptions implicit in

this method of calculating daily production, viz.

1) The production-irradiance curve parameters measured for a sample at a single

depth are assumed to apply to the total population.

2) Vertical mixing is ignored.

3) Diel changes in the production-irradiance parameters are not considered.

4) The phytoplankton population is assumed to be in equilibrium.

In view of assumption (1) it is encouraging to note that the estimates for daily

production for station 11261#49 using productivity data from two different

depths are not too dissimilar.











































































































































































































































































































































































































































































































































































































































































































































































