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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.



-0

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.
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5. SAMPLING METHODS AND LABORATORY PROCESSING

Details of tows are shown in Table 1.1, track charts of tows in Figs 1.I and
1.II.

Midwater sampling

Discrete depth samples were taken throughout the water column with the IOS
acoustically operated opening/closing multiple rectangular midwater trawl (RMT
1+8M - Roe and Shale, 1979; Roe, Baker, Carson, Wild and Shale, 1980). One
hundred metre depth layers were fished by both day and night between the surface
and a depth of 1500m (the 0 to 100m depth layer was also subdivided into 0-25,
25-50 and 50-100m layers). Four hundred metre depth layers were fished between
1500m and the bottom (ca. 5440m), irrespective of the time of day or night.
Close to the sea bed a near-bottom echo-sounder (NBES) was used in conjunction
with the RMT 1+8M (Roe and Darlington, 1985). Three repeat hauls were made with

this system, fishing between 90 and 10m above the bottom.

Plankton is sampled by the 0.32mm mesh RMT 1 and micronekton by the 4.5mm mesh
RMT 8. A multiple cod end was used on the RMT1s fished between 0 and 1500m.
This cod end separates 3 size fractions - >4.5mm, >1.0mm and >0.32mm. The
>4.5mm fraction is not quantitatively sampled by the RMT 1 and animals from this
fraction are only of passing interest. Hang-up of smaller animals on the 4.5 mm
mesh is trivial. Aboard 'Discovery' the two smaller size fractions were each
divided into two with a Folsom plankton splitter; one half was preserved in 10%
formalin, the other was deep frozen. The multiple cod end was not used for
deeper tows and the catches of these were so small that it was impossible to
subdivide them. The total catches of RMT 1 hauls made between 1500m and the
bottom were therefore preserved in formalin, except for three duplicate hauls
made between 3900-5100m which were frozen. Subsequent laboratory analysis

depended upon the depth of the sample and the mode of preservation.

Benthic sampling

Benthic samples were taken by the IOS multiple epibenthic sledge (BN1.5 - Rice,

Aldred, Darlington and Wild, 1982) and by the semi-balloon otter trawl (OTSB 14
- Merrett and Marshall, 1980).
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The BN1.5 consists of a galvanised frame within which are mounted a series of
nets. Three nets are mounted side by side across the width of the sledge; two
outer nets, each with a mouth 0.8m wide x 0.6m high, mesh 4.5mm, flank a central
net 0.68m wide x 0.6m high, mesh 1.0mm. A suprabenthic net, mouth 1.0m wide x
0.6m high, mesh 0.32mm, is mounted above the three transverse nets. The three
lower nets are closed mechanically during deployment and recovery by a blind
activated by bottom contact. A linkage to this system raises the suprabenthic
net frame, thereby opening this net when the sledge touches the bottom.

Acoustic signals from a net monitor are continuously displayed on a Mufax on
board ship, (as in the RMT1+8M system), giving data on net operation and
environmental parameters. A time-lapse camera system (Rice and Collins, 1981)
is mounted within the sledge frame, photographing the sea floor immediately in
front of the sledge at 30 second intervals (Section 23). Four tows were made
with the BN1.5 (Table 1.1, Fig. 1.II), for which the distance run on the bottom
was derived from the sledge odometer wheel. The two additional sledge tracks on
Fig. 1.II comprised one phototransect of a manganese nodule field and one haul

with a modified sledge to sample the nodules.

In addition to the photographic transects made by the sledge (Section 23) a
time-lapse camera system (Bathysnap) was deployed at GME to provide long term

observations of the sea floor. Bathysnap is discussed in Section 24.

The OTSB14, of 13.7m headline length and 8.6m estimated wing end spread, was
fished from 50m bridles on a single warp as described by Merrett and Marshall
(1980). Six tows were made, 3 in a NW by N direction and 3 in a SW by S
direction (Fig. 1.II). Nominally the tows were of 3 hour duration on the seabed
but the exact time was dictated by the in situ record of bottom contact given by
the trawl door-mounted acoustic monitor via the shipboard echosounder. Fishing
distance was then calculated using the ship's satellite navigation system. The
variability in distance towed (Tables 1.1, 29.1) resulted from the difficulty
experienced in keeping the net on the bottom, due, apparently, to substantial
current shear in the near-surface waters. The final tow (Stn 11261#60) fouled

the bottom, the net was destroyed and the usable number of tows reduced to five.
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Laboratory processing

Midwater. The total RMT8 samples were volumed and the different groups counted

and sorted. Individual groups were analysed and are reported on subsequently.

The RMT1 samples posed much greater processing problems than the RMTS8s. They
contained many more individuals (up to 50 times as many), plankton is much

smaller than micronekton - necessitating sorting under a microscope, and the
condition of the deep samples was poor - probably because of the high surface

temperatures coupled with delays in recovering the nets.

RMT1 samples were processed as follows. Those taken below 1500m (without the
multiple cod end) were passed through a 4.5mm mesh to remove large animals.
These large animals were not routinely analysed and an insignificant number of
small animals hung up on the mesh at this stage. The deep samples therefore
consist of animals within the size range 0.32-4.5mm. Each sample was drained
and the catch placed upon absorbent paper to remove any adherent surface water.
The sample was then transferred to a preweighed foil boat and its wet weight
determined. It was then placed in a known volume of water and its displacement
volume measured. Finally each sample was sorted to individual groups and the

numbers of each group in each haul counted.

The formalin preserved subsamples of RMT1 catches between 0-1500m were basically
treated in the same way as the deep hauls - except that they were not passed
through a 4.5mm filter. The size of these shallow samples, together with
limited manpower and time, precluded complete sorting. Many of the 0.32mm size
samples were fractioned with a Folsom plankton splitter after measuring wet
weight and displacement volume but before sorting. Sorting was restricted to
whatever fraction was deemed practical to process (Table 5.1). Practicality was
assessed as containing ca 1500-3000 copepods (the most abundant group). Most

fractions contained these numbers although a few were larger (Table 5.1).

Fractioning introduces errors and the effects should be borne in mind when
evaluating the numbers of uncommon animals (Table 6.12 ff). It is possible, for
example, that a sample contains a single specimen of a rare animal; if this

single example happens to be in the, say, 1/64th fraction, then it will appear
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as if there were 64 animals in the total sample instead of one. In all cases
the numbers of animals sorted were multiplied up by the appropriate fraction

prior to correcting for volume of water filtered (see Section 6).

Sorting was carried out to different taxonomic levels, reflecting the robustness
or ease of lidentification of particular animals. Some groups were sorted to
phyla e.g. chaetognaths, whereas others were processed as far as suborder e.g.
cladocerans. Several individuals carried out the sorting and inter-sorter
differences were moderated as far as possible by one person (C.J. Ellis)

examining their results.

The frozen subsamples of the shallow RMT1 catches, and the duplicate deep
samples, were thawed and their displacement volumes and wet welights determined
as previously. The samples were then dried in an oven at 100°C for 24 hours and
transferred to a desiccator for a further 24 hours. They were then weighed,
giving a dry weight. The dry samples were then homogenised with a pestle and
mortar and the carbon/nitrogen content of a subsample determined by gas
chromatography (see Hull 1985 for details). A further subsample was ashed in a
muffle furnace at 450°C for 24 hours and subsequently weighed to give an ash

weight. By subtracting this from the original dry weight an ash-free dry weight

was determined.

Some depths were sampled twice. In many of the subsequent tables, data from
repeat hauls are given, but duplicate samples were not analysed for all groups

nor for the biomass measurements.

Benthic. Benthic samples were small and contained only small amounts of
sediment. All organisms from OTSB catches and the larger individuals from the
sledge were picked out on board and preserved separately. Residues from the
coarse nets of the sledge were sieved through 4.0mm mesh and those from the fine
centre net through 4.0, 2.0 and 1.0mm meshes prior to fixation. All material
was fixed in 10% borax-buffered formalin for 3-5 days. Organisms with
Calcareous deposits, such as crustaceans, molluscs and echinoderms, were
preserved in 80% ethyl alcohol and soft bodied organisms such as coelenterates
and annelids were transferred to 5% formalin. Residues from the sledge were

sorted under the microscope in the laboratory.
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Preserved organisms were counted, drained on absorbent paper and weighed.
Weights were taken to the nearest 0.01g. In general, all material of each major
taxon was weighed together, but in some cases it was more appropriate to weigh
material species by species. Molluscs were weighed in their shells, so the
importance of gastropods, scaphopods and bivalves, in terms of organic biomass,

will be overestimated.
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6. MIDWATER BIOMASS AND TOTAL NUMBERS H.S.J. Roe

Introduction

Biomass data have been corrected for shipboard subsampling (shallow RMT1s see
Section 5) and numerical data have been corrected for any fractioning both at
sea and in the laboratory. Both sets of data have also been corrected for
volumes of water filtered using the equations developed by Roe et al (1980).
The BRMT 1 data are expressed in terms of 1000m® of water and virtually all of

the RMT8 data in terms of 10000m’ of water.

Since the biomass measurements were made before sorting, the data will include
animals which were sampling contaminants at particular depths and alsec animals
which were dead before Capture. Contamination can occur either as hang-up from
previous hauls or as leakage into closed nets. It has been possible to identify
shallow living animals as contaminants in deep hauls for some groups (e.g.
copepods, euphausiids), and the numbers of copepod carcases in deep RMT1 hauls
have been analysed (Section 11). However, the depth distributions of
bathypelagic animals are too poorly known to allow identification of deep
contaminant species, and in many groups no attempt has been made to identify
contaminants. The general problem is probably insignificant except in a few
hauls. The RMT1 catch at station 11261#28 was contaminated with animals caught
in a previous haul (11261#24); 111261468 also contained contaminants from g
previous deeper haul and 11261#19 had a number of surface living gastropods,
pteropods and ostracods. The effect of contaminants and carcases on the data

sets will be small but should be borne in mind.

Biomass

The relationship between the various biomass measurements have been examined by
major axis regression (Yorke, 1966; Hull, 1985). The slopes of the regression
lines using log10 transformed values have been calculated and the significance

of the difference in slope between the various lines tested according to the
formula
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where X, and x2 are the slopes and S, and s2 are the sample variances of the

independent samples of size n, and n, respectively.

Various regression coefficients for planktonic biomass are shown in Table 6.1.
Volume and wet weight were available throughout the water column; dry weight was
measured between 0-1500m and on the three duplicate samples taken between
3900-5100m. There was no significant difference between the volume/WW
regressions for different size groups or for depths above and below 1500m.
Similarly there was no significant difference in the Vol/DW, Vol/C, Vol/N, and
WW/DW, WW/C and WW/N regressions between different size groups; the deep dry
welght data fit well with that taken between 0-1500m. Consequently single
regressions for total plankton (0.32-4.5mm) have been used, and these single

regressions have been used throughout the water column.

Planktonic biomass data are given in Tables 6.2-6.5. These tables show the
measured volumes for the 0.32-1.0mm, 1.0-4.5mm and 0.32-4.5mm size fractions and
measured %C, %N and C:N ratios for the 0.32-1.0 and 1.0-4.5mm fractions. Wet and
dry weights and the weights of carbon and nitrogen are derived data from the

volume regressions (Table 6.1).

Biomass data for micronekton are limited to displacement volumes (Section 5).
These volumes have been converted to wet and dry weights using the plankton
regressions for volume (Tables 6.6-6.8). Several samples had very high volumes
of the thaliacean Pyrosoma. For these samples separate conversions have been
made, including and excluding Pyrosoma. Using planktonic regressions for
micronekton is a questionable procedure. Omori's (1969) data include various
micronektonic species and show that the dry weight/wet weight relationship

between various crustacean groups, chaetognaths and fish are generally similar.
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Gelatinous zooplankton however, including thaliaceans, have a much lower dry/wet

weight relationship (Larson, 1986).

Results

Most of the biomass of both plankton and micronekton was contained within the
top 1500m of the water column (Tables 6.2-6.8, Figs. 6.I-II). More than 80% of
the total planktonic biomass and >95% of the total micronektonic biomass
occurred between 0-1000m. The massive peaks in the micronekton data (Fig. 6.1II)
were caused by swarms of Pyrosoma which occurred between 700-900m by day and
migrated to the upper 200m by night (Table 6.72, Fig. 6.XI). The peak between
500-600m at night resulted from Pyrosoma being sampled during vertical migration

en route to its daytime depth.

Biomass within the upper 1500m is shown in more detail in Figs 6.1II-6.VI. 1In
the plankton, the 0.32-1.0mm size group (Fig. 6.III) had maxima within the upper
200m by day and night with an overall shoaling at night, whereas the 1.0-4.5mm
group (Fig. 6.IV) had a daytime maximum between 500-600m and a marked diel
migration to the upper 200m. Figs 6.III-6.VI also show the importance of the
subdivided 0-100m hauls (Section 5). At night in particular the 0-100m haul
undersamples this zone because of the tendency of the plankton to congregate at
very shallow depths which are only briefly sampled by nets fishing wider
horizons. The effect of these subdivided 100m hauls is shown in Table 6.9 where
the accumulated percentages are markedly shallower in the data sets using the
0-25, 25-50 and 50-100m hauls. These subdivided 100m hauls had little influence
on the micronekton which was adequately sampled by the wider horizons (Table

6.9, Fig. 6.VI). The micronekton dry weights are derived from volumes excluding

Pyrosoma.

Biomass profiles throughout the water column, based upon day data for hauls
above 1500m, are shown in Fig. 6.VII. The micronekton dry weight again exclude
Pyrosoma. The total biomass was low. The total dry weight of plankton beneath
one square metre of sea surface was 1.52g (day) and 1.25g (night); of
micronekton it was 0.61g (day) and 0.52g {(night). The total pelagic biomass at
GME therefore amounted to ca 2g beneath each m? of sea surface. These figures

do not include phytoplankton or zooplankton smaller than 0.32mm, neither do they
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include Pyrosoma nor any large pelagic animals (see discussion below).

The biomass of both plankton and micronekton decreased exponentially with depth
until just above the bottom (Fig. 6.VII). Three hauls were made between 10 and
90m above the bottom. The micronekton biomass shows a fairly consistent
increase with increasing proximity to the sea bed but the plankton data are

rather ambivalent (Fig. 6.VIII).
Discussion

The validity of converting micronekton volumes to dry weights using plankton
regressions is questionable. The absolute values obtained are therefore dubious
but they do accurately reflect both the relative changes throughout the water

column and the very low biomass.

The micronekton and plankton volume data for the deep hauls (Table 6.4 and 6.8)
are very similar, and this results in strikingly similar biomass profiles below
1700m (Fig. 6.VII). If the micronekton were active predators, depending upon
populations of living plankton, then one would expect a larger population of
prey than predators - as occurs in the upper 1500m. At greater depths low
populations of plankton and low populations of micronekton apparently coexist.
A possible explanation is that predator/prey relationships are secondary to a
more generalised omnivorous, detritivorous lifestyle - where both large and

small animals depend as much upon detritius, particulates and carcases as upon

encounters with living prey.

The present biomass data exclude large (and presumably rare) animals and they
also exclude plankton smaller than 0.32mm. The biocmass of microzooplankton can
be very large in relation to net zooplankton {(e.g. Endo, Hasumoto and Taniguchi,
1983; Taniguchi, 1984, 1985). The contribution of microzooplankton to the
ecosystem at GME is unknown, but presumably the populations of Pyrosoma - which,
in volumetric terms, dominated the mesopelagic zone, were supported by these
small plankton. It is therefore possible that the total biomass at GME is
larger than given here, especially within the upper 1000m (see final discussion

Section 31).

Whatever effects microzooplankton may or may not have had on the present data it
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is pertinent to ask whether the low bathypelagic values recorded here are
anomalous or whether they are typical of the depth and area. Previous
bathypelagic data are scarce. Jaschnov (1961, 1962) and Grice and Hulsemann
(1965) analysed plankton biomass from the same general area as GME, and Grice
and Hulsemann (1967), Vinogradov (1968), Wishner (1980a) and Angel and Baker
(1982) summarised and discussed data from the Atlantic, Pacific and Indian
Oceans. Except for Angel and Baker (1982), the results of these previous
authors are similar to the present bathypelagic data. At first sight therefore
it seems that the GME biomass is not extraordinarily low. However, all the data
reported by Jaschnov, Grice and Hulsemann, Vinogradov and Wishner are derived
from fine mesh, small mouth area nets which sample smaller zooplankton than that
taken by the RMT1. Smaller zooplankton may be expected to be more abundant than
that sampled by the RMT1 but it is impossible to quantify this possibility here.
Comparisons between data taken by diferent sampling gears are indirect - as
Wishner (1980a) recognised. There is, however, one data set which is directly
comparable with the present results- that of Angel & Baker (1982) who analysed
plankton and micronekton biomass taken from the N E Atlantic with BRMT1 and RMT8 nets.

To facilitate this comparison, linear regression coefficients between the
logarithm of biomass and depth have been calculated for depths between 0-1000m
and between 1000-5440 (the bottom) (Table 6.10). The day and night regressions
for depths >1000m combine the day (or night) data between 1000-1500m with the
>1500m data. These deep regressions are compared with those of Angel and Baker

(1982) in Table 6.11, Fig. 6.IX - where Wishner's (1980a) N. Atlantic regression

is also shown.

Compared with similar RMT1 and RMT8 data, the biomass at GME is lower than
elswhere, perhaps reflecting the greater productivity further to the north and
east. The effects of surface production on bathypelagic biomass are uncertain.
Wishner (1980a) found little evidence for a direct relationship, but this is
contradicted both by Vinogradov's (1968) observations and by recent flux studies
which demonstrate a rapid coupling between the surface and the deep sea (see,
for example Fowler and Knauer, 1986). Presumably bathypelagic biomass is some
measure of overall surface production and reflects this plus seasonal effects.

Seasonality and repeatability in general are relevant throughout this report and
are discussed in the final section.
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Although the intercepts differ markedly, most of the slopes in Fig. 6.IX are
similar. (The major exception at 49°N was perhaps influenced by a storm). This
similarity also extends to smaller zooplankton, for which Wishner (1980a)
calculated similar regressions and found that all except one had slopes which
were not significantly different from that shown here. This similarity strongly
suggests that the processes controlling the distribution of biomass in the deep

oceans are similar despite differences in the overlying surface production.

Finally the rather ambivalent results from the near bottom samples (Fig. 6.VIII)
contrast with previous data. The first quantitative studies of deep-sea
benthopelagic plankton were those of Wishner (1980a,b) and Boxshall and Roe
(1980). The near bottom zone is now established as one where there is a marked
increase in biomass, in numbers of individuals, species and groups, in
particulates and biological activity (e.g. Wishner 1980a,b; Wishner and
Meise-Munns, 1984; Gowing and Wishner, 1986; Boxshall and Roe, 1980; Roe, 1986;
Hargreaves, Ellis and Angel, 1984; Hargreaves 1984). Previous studies, however,
have all been done in shallower water or in more productive areas. There are no
comparable water column/benthopelagic data from a deep oligotrophic area to
contrast with the present results. It may be that the situation observed at GME

is typical for abyssal oligotrophic regions.

Total numbers

The total numbers of each group of animals from both RMT1 and RMT8 catches are
given in Table 6.12-87. Cirripede larvae and echinoderms are not listed in
total but are discussed in Sections 12 and 19. In some of these tables the
numbers of contaminants are shown in brackets. Figs 6.X-XI show the vertical
distributions of the most abundant groups; they illustrate the extreme paucity
of animals below 1500m and reinforce the biomass results discussed previously.
Many of the individual groups are analysed in more detail in the following
sections where the total numbers are broken down in varying degrees. In the
time available little detailed analysis of planktonic groups was possible but

many of the micronekton groups have been worked up in considerable detail.
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7. SIPHONOPHORA P.R. Pugh and P.A.Kirkpatrick

Specific identifications of siphonophores were carried out on the samples from
the RMT8 and RMT1 (1.0-4.5mm fraction) nets. The number of individual animals
per haul was assessed according to the procedures outlined in Pugh (1984) and
standardized to unit volume, and these numbers are shown in Tables 6.20-24. In
addition, the total number of siphonophore 'pieces' in the RMT1 (0.32-1.0mm
fraction) was assessed, and these numbers also are shown. However, since more
than one piece may have originated from an individual animal, the total numbers
for the RMT1 net catches are most likely overestimates. The total numbers, for
the hauls within the top 1500m of the water column, are also plotted in Figures
6.X and 6.XI. The vast majority of the siphonophores caught by the RMT1 net
were found in the top 400m of water, while fairly large numbers of specimens
Caught by the RMT8 net were found throughout the water column down to 1500m
depth. There is, however, a great disparity in the numbers of siphonophores
caught by the two nets, indicating that the overall population was dominated by
small sized species that were not collected quantitatively by the RMT8 net.
Over 90% of the total RMT1 numbers was contributed by the small 'pieces' of
siphonophores, particularly in the top 400m of the water column. A visual
inspection of these 'pieces' showed that they were mainly components of the

eudoxid or sexual stage of the commoner epipelagic siphonophore species.

Overall the total number of siphonophores found in the top 1500m at the GME site
was similar to that previously found at adjacent sites e.g. Discovery St. 7856
at 30°N, 23°W and at the West Atlantic Water Station (Discovery St. 10380) in
the vicinity of the Azores Front at 32°N, 32°W (Pugh, unpublished data). At
deeper depths, the siphonophore population collected by the nets was quite small
and there did not appear to be any particular enhancement of the numbers in the

near-bottom tows.
Depth distribution of individual species

Sixty-four species of siphonophores were identified from the samples of which
all but nine belonged to the Sub-order Calycophorae. It is well known that
physonect siphoncphores, because of their fragility, are poorly sampled by nets

and it is probable that several of these species were present in the water
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column but were not collected, judging by the results from other areas (Pugh and
Harbison, 1986). The majority of the species found were relatively rare and
half of the total cccurred in low numbers in ten or less of the hauls (see Table
7.1). Only the depth distribution of the eighteen commonest species will be
dealt with in any detail, but as the results from the two néts often differed
considerably the species will be dealt with in systematic order rather than

order of dominance.
Sub-order Cystonectae

Only one cystonect species, Rhizophysa filiformis, was found to be present in

fours hauls, all of which were fished in the top 100m (see Table 7.1).

Sub-order Physonectae

Eight physonect species were found and most were relatively rare (Table 7.1).

Agalma okeni, Frillagalma vitiazi and Halistemma rubrum were the more abundant

species and the information suggests that they had extensive depth

distributicns.
Sub-corder Calycophorae
Family Prayidae

Eleven prayid species were identified but none of them were abundant (Table
7.1). The three species of the genus Amphicaryon were mostly found in the top

100m of the water column, and records from deeper depths probably are due to

contamination.
Family Hippopodiidae

All five species that belong to this family were present in reasonable numbers
at the GME station. The individual specimens are relatively large and so were
better represented in the RMT8 catches, and appeared only infrequently in the

RMT1 ones (Table 7.1). Each species is comprised of between eight and fifteen

nectophores, but since they are easily broken apart and losses of nectophores
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from the nets can be considerable, the total number of nectophores is considered
here. This may, therefore, represent an overestimate of the total number of

animals (see Pugh, 1984).

Hippopodius hippopus (Figures 7.IA, Table 7.2).

This was the shallowest living hippopodiid species, and the data indicate a diel
vertical migration (henceforth DVM) from the 100-200m depth range by day into
the top 100m at night, with 44% of the total population occurring in the 0-25m
depth range. Pugh (1974), however, found this species to undergo a more
substantial DVM from about 250m by day into the subsurface layers at night, at a
station close to the Canary Islands. At the 30°N, 23°W station, H. hippopus was
found to be present in large numbers throughout the top 400m of the water column
by day, but the population became concentrated in the top 100m at night (Pugh,
unpublished data). Pugh (1977) commented on the slow, sinusoidal DVM of this
species through the 250m depth zone at the same station and commented on the
effects that such a DVM might have on any interpretation of the depth
distribution of a species as assessed from the sampling programme, such as the
one carried out at the GME site. Because such species do not complete their DVM
within the dawn and dusk periods, the timing of the so-called 'day' or 'night'
nets at particular depths may give rise to misleading results, as vertically
migrating animals may be captured or missed entirely. This factor is discussed

further in Mackie, Pugh and Purcell (in press).

Hippopodius hippopus is a well-known epipelagic siphonophore species, having a

widespread distribution in the warm-waters of the World's Oceans but rarely
found in more temperate waters e.g. north of 40-45°N in the N. Atlantic Ocean
(Pugh, unpublished data). Purcell (1981) found that this species fed
exclusively on ostracods and Pugh (1986) attempted to relate the zoogeographical
distribution of this species with that of its prey taxa. The absence of H.
hippopus at higher latitudes, therefore, being associated with the relative

scarcity of ostracods at shallow depths (e.g. Angel, 1984a).

Vogtia glabra (Figure 7.IB, Table 7.3)

The depth distributions of V. glabra showed only a slight overlap with that of
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Hippopodius hippopus, and the majority of specimens were found between 200 and

600m depth. Although the population was spread out over a considerable depth
range by day (Fig. 7.IB), there was an indication that the deeper part of this
population underwent a DVM, as most of the nectophores were concentrated in the
200-400m depth range at night. At other similar stations the main population of
this species also is found in the 200-500m depth range (Pugh, unpublished data),
although Pugh (1974) found it to be concentrated between 500-600m by day but
with a spreading upwards at night possibly up to 150m.

Unlike its near-surface living relative Hippopodius hippopus, Vogtia glabra has

a widespread distribution throughout the World's Oceans and is abundant in
temperate waters (Pugh, unpublished data). Bigelow and Sears (1937) found it to
occur mainly below 400m in the Mediterranean, but it was never very abundant.
The data from the 48h series of hauls at 44°N, 13°W (see Roe et al, 1984)
indicated that V. glabra occurred mainly in the 450m depth zone by day, and the
250m one by night (Pugh, 1984). However, Pugh (1984) considered that this did
not indicate a large-scale DVM, but a small-scale migration of the components of

the total population that was spread over the 300-500m depth range by day and
200-400m by night.

Vogtia spinosa (Figure 7.IC, Table 7.4)

V. spinosa occurred over a similar depth range to that of V. glabra, but was
considerably less abundant. By day this species was concentrated in the
500-600m depth range, but at night it spread upwards as far as 200m. The SOND
Cruise data (Pugh, 1974) indicate a similar upward spread of the population at
night but from a depth of only 350-450m by day to ca. 250m at night. However,
at the 30°N, 23°W station, where the total number of nectophores was very
similar to the GME site (Pugh, unpublished data), the population was
concentrated in the 200-500m depth range both by day and by night. However,
during the 24h series of hauls at the same station, V. spinosa was present at
250m only at sunset and during the night (Pugh, 1977) indicating that the
species was undergoing a slow DVM. A similar small-scale DVM was observed
around the 250m depth zone during the 48h series at 44°N, 13°W (Pugh, 1984},
with 90% of the population remaining in the 200-300m depth range.
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There is little published information on the depth distribution of this species
(see Pugh, 1974), but Bigelow and Sears (1937) found it, in the Mediterranean,

at depths greater than 300-400m. In the N E Atlantic Ocean, V. spinosa has a

widespread distribution from the equator to 60°N, but is most abundant at

latitudes between 40 and 50°N.

Vogtia pentacantha (Figure 7.ID, Table 7.5)

V. pentacantha was relatively rare at the GME site, but it showed a very

discrete depth distribution with almost all specimens being found between 400
and 600m, with the majority in the 500-600m depth range. There were no

indications of a DVM. V. pentacantha is probably the rarest of the hippopodiid

specles worldwide, although at the GME site V. spinosa was less abundant. It
has a widespread geographical distribution and in the N E Atlantic occurs from
the equator to 53°N (Pugh, unpublished data). At more northerly stations it
occurs mainly in the 200-500m depth range but at lower latitudes is found
slightly deeper and at the 30°N, 23°W station and in the region of the Azores
Front it occurred mainly in the 400-600m depth range. At the West Atlantic

Water station the number of V. pentacantha present were very similar to the GME

numbers, but across the Azores Front, in the East Atlantic Water a much larger

population was found.

Vogtia serrata (Figure 7.IE, Table 7.6)

V. serrata is the deepest living of the hippopodiid species and occurred mainly
at depths below 500m and has a widespread distribution down to 1300m, with
occasional specimens being found at deeper depths (Table 7.1). This is a
well-known but uncommon species with a widespread geographical distribution in
the Atlantic Ocean from the Antarctic to at least 60°N. At nearby sites the
depth distribution and abundance of this species has been found to be very
similar to the GME data (Pugh, unpublished data) but it is generally more
abundant in temperate waters and tends to have a slightly shallower depth
distribution. Thus, Pugh (1984) found V. serrata mainly in the 300-600m depth
range at 44°N, 13°W, with an indication of a slight upward spreading of the
shallower part of the population into the 250m depth zone at night.
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Overall the five species of the Family Hippopodiidae show a degree of depth
stratification, although there is some overlap (Fig. 7.I). This stratification
of what may be congeneric species also was commented on by Pugh (1974).

Family Diphyidae

Twenty-four diphyid species were found in the GME samples but only seven of

these were present in any number. Species of the genus Sulculeolaria were

surprisingly rare (Table 7.1) but typically were found mainly in the top 100m of

the water column. At the 30°N, 23°W station large numbers of S. quadrivalvis

and S. chuni were found, but similarly low numbers of all species were found in
the Western Atlantic Water close to the Azores Front (Pugh, unpublished data).

Diphyes bojani (Table 7.7) also was surprisingly rare as a very large population

was found in superficial waters at 30°N, 23°W, while in the Azores Front region
reasonable numbers were present. It is not clear why these usually common

epipelagic species were rare at the GME site.

Lensia subtilis (Table 7.1) is usually found in the top 100m of the water column
(Moore, 1949, 1953; Patriti, 1964; Pugh, 1974) but at the GME site there are

very few records in that depth zone. However, there were several records in the
300-900m and 1900-5430m depth zones. Unfortunately there are too little data to
assess the main distribution range of this species or whether the deeper records
were due to contamination, despite the absence of near-surface records. It is
possible that a detailed analysis of the 0.32-1.00mm fraction of the RMT1
catches may provide better data on this and other small-sized siphonophore

species.

Eudoxoides spiralis (Figure 7.II, Tables 7.7-12)

Overall this was the commonest species found in the GME samples, although there
was a considerably disparity between the catches of the RMT1 and RMT8 nets. At
shallow depths the RMT1 (1.0-4.5mm fraction) contained about forty times more

specimens than the RMT8 net, while at deeper depths the ratio was ca. 15:1. The
depth distribution data (Fig. 7.II) show that there are two separate populations
of E. spiralis; one occurring mainly in the top 200m of the water column and the

other much deeper, in the 1000-1500m depth range. The RMT1 data indicate that
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the shallower population was most abundant in the 100-200m depth zone by day and
migrated into the top 10Cm at night. However, the nighttime numbers of this
shallow population are inexplicably about twice the day numbers (Tables 7.7-8),
unless the timing of a particular haul resulted in a failure to catch a large
part of the migrating population, as discussed in other instances by Pugh (1977)
and Mackie, Pugh and Purcell (in press). In this context, the smaller RMT8
catches indicate a clear DVM from the 200-300m depth range by day into the top
100m at night (Figure 7.II).

The deeper population of Eudoxoides spiralis is, for the RMT8 hauls, more

abundant than the shallower one and has a very marked peak of abundance in the
1200-1300m depth range. The RMT1 data, however, indicate a greater depth

distribution range mainly between 1000 and 1500m and, overall, this population
is less abundant than the shallower living one. At deeper depths this species

occurred sporadically.

Budoxoides spiralis is a common siphonophore species which has a widespread

geographical distributions in the warmer waters of the World's Oceans (Pugh,
1974). Although previous records indicate an extensive depth distribution for
this species, it is considered generally to be mainly epipelagic, with the bulk
of the population concentrated in the top 100-200m of the water column. The DUM
of this population has been studied on several occasions (Moore, 1949, 1953;
Pugh, 1974). However, the presence of a substantial deep living population does
not appear to have been recorded in the literature, although similar situations
have been found at the various stations in the vicinity of the Azores Front (ca.
32°N, 32°W), where again E. spiralis was the predominant sSiphonophore species
(Pugh, unpublished data). However, at 30°N, 23°W (Discovery St. 7856) and other
lower latitude stations in the N E Atlantic Ocean no deep-living population was

found (Pugh, unpublished data).

The great majority of records for the eudoxid stage of E. spiralis at the GME
site came from the top 100m of the water column (Tables 7.7-8) and it is
possible that other records from deeper depths are due to contamination. There
was no similar peak in eudoxid numbers in association with the deep-living
population and so it is not clear as to whether this deeper living population is

derived from the shallower one or has a different breeding cycle.
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Eudoxoides mitra (Figure 7.III, Tables 7.13-16)

This other species of the genus Eudoxoides also was common at the GME site. As
for E. spiralis, there is a marked disparity between the numbers caught in the
RMT1 net by day and by night, with the latter totals being about nine times
greater than the former. However, the day and night RMT8 catches were similar
and indicated a distinct DVM from the 200-300m depth zone by day into the top
100m at night, with the bulk of the population concentrated very close to the

surface. The eudoxid stage (Tables 7.13-16) had a similar depth distribution.

Eudoxoides mitra also is a widespread, warm-water epipelagic species and was one

of the commonest siphonophores in the Bermuda region (Moore, 1949), where it
undertook a DVM with a ca. 50m depth range. Pugh (1974) also considered that,
in the Canary Islands region, this species underwent a small-scale DVM, with the
majority of the population occurring in the top 150m of the water column.
Similarly at 30°N 23°W the bulk of the population was found in the 50-100m depth
range both by day and by night, but with an indication of a slight upward

movement at night.

The present data, therefore, indicate a slightly deeper daytime depth
distribution, but this is consistent with data from the Azores Front region
(Pugh, unpublished data) where similar numbers of animals were found in the

100-300m depth zone by day, and there was an upward migration into the top 50m
at night.

Chelophyes appendiculata (Figure 7.IV, Tables 7.17-18)

As with the previous two diphyid species, C. appendiculata was caught more

efficiently by the RMT1 net, but the disparity in numbers was not so marked.

The data for both nets indicate that the majority of the population was
concentrated in the top 100m although, by day, part of the population spread
down to deeper depths. At night most specimens were found in the 0-25m depth
zone. Very few eudoxid or sexual stages were collected (Table 7.1) and most of
these, suprisingly, were found in the RMT8 catches at shallow depths by day.

The single instance of an eudoxid in a deep RMT1 net almost certainly was due to

contamination of the sample as the net passed through the superficial waters.
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Chelophyes appendiculata is one of the commonest epipelagic siphonophores in the

warmer waters of the World's Oceans. Its geographical distribution is more
extensive than the previous two species of the genus Eudoxoides and, in the N E
Atlantic, has been found as far north as 53°N. Particularly high concentrations
were found at 40°N, 20°W (Pugh, unpublished data). Leloup and Hentschel (1935)
found that this species was most abundant in the top 100m of the water column,
and Bigelow and Sears (1937) concluded that it was the commonest siphonophore
species in the 0-200m depth range in Mediterranean waters. Moore's (1949, 1953)
detailed studies, in the Bermuda and Florida Current regions, also confirmed the
epipelagic distribution of this species and its DVM of less than 100m depth
range. Pugh (1974) found evidence for a more substantial DVM, in the Canary
Island region, from ca. 250m by day into the top 50m at night. Again he noted
that the depth distribution pattern established for this particular species
probably was affected greatly by the time at which certain depth horizons were

sampled. The sinusoidal nature of its DVM was considered by Pugh (1977).

The depth distribution and abundance of Chelophyes appendiculata at the GME site

is similar to that found previously in the Western Atlantic Water near the
Azores Front (Pugh, unpublished data), but at the 30°N, 23°W site (Discovery St.

7856) this species was considerably more abundant.

Diphyes dispar (Figure 7.V, Tables 7.19-21)

Despite the relatively large size of this species, the RMT1 net caught more
specimens per unit volume than the RMT8 one. The results for both nets show a
considerable disparity between the total day and night numbers. This may
indicate that the bulk of the population migrated into the top few metres of the
water column at night and was not sampled properly. By day most of the
population was found in the 0-50m depth zone. The depth distribution of the
eudoxid stage was similar to that for the polygastric cone (Table 7.20-21) and

again, any deeper records (see Table 7.1) are probably due to contamination at

the surface.

Diphyes dispar is a well-documented, but not abundant, species from the warmer

waters of the World's Oceans and the Mediterranean Sea. Pugh (1974) reviewed

the few earlier depth distribution records and concluded that it was mainly an



36

epipelagic species, with most examples occurring in the top 100m of the water
column. At both the 30°N, 23°W and the Azores Front sites D. dispar was less
abundant than at the GME site, but in both cases the depth distribution was

similar (Pugh, unpublished data).

Lensia multicristata (Figure 7.VIA, Tables 7.22-25)

L. multicristata reached greatest numbers in the 300-500m depth zone but, for

the RMT8 data, there was considerable disparity in the day and night totals. A
smaller, secondary population occurred between 900 and 1300m (Fig. 7.VIA) and
there were occasional records for this species at deeper depths right down to
the bottom of the water column. Several previous authors (e.g. Margulis, 1971;
Bigelow and Sears, 1937) also have recorded this species over a wide depth
range, but with the majority of specimens to be found in the region of 250-450m
(Pugh, 1974). However, most authors have not noted the presence of a second,

deeper-living population remininiscent of that found for Eudoxoides spiralis.

Pugh (1984) noted two such populations at 44°N, 13°W, with one mainly
concentrated between 200 and 300m with signs of a small-scale DVM around the
250m depth zone, and a second deeper population mainly concentrated in the
700-800m depth range. This deeper population actually was more abundant than

the shallower one. In these more temperate waters, and L. multicristata has

been found as far north as 60°N, the depth distribution of this species appears
to be shallower, possibly associated with the change in depth of certain
isotherms. Such a depth change was found in the data from the Azores Front
studies (Pugh, unpublished data). In the Western Atlantic Water the shallower

population of L. multicristata was found in the 400-500m depth zone, although

the numbers were lower than those found at the GME site. The small deeper
population occurred in the 800-900m, but overall the species had a widespread
depth distribution from 200 to 1900m. Although the abundance of this species
was fairly constant across the front, in the East Atlantic Water the bulk of the
population was found in the 200-400m depth range, as would be expected if the

distribution was related to the depth of certain isotherms.

Lensia fowleri (Figure 7.VIB, Tables 7.26-17)

The RMT1 net data indicate that almost the entire population of L. fowleri was
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found in the 100-200m depth zone, but twice as many animals were present in the
nighttime hauls. In contrast, four times more nectophores were found in the
daytime RMT8 hauls than the night ones, and the data indicate a daytime peak in

the 200-300m depth range. The picture, therefore, is confused.

This diphyid species has a widespread distribution in the Atlantic Ocean from
61°N to 34°S, and usually has a peak abundance at ca. 200m depth (Margulis,
1971). Moore (1949, 1953) found mean day levels of 165 and 100m in the Bermuda
and Florida Current regions. In the N E Atlantic L. fowleri was found in large
numbers between O and 11°N, while at 30°N, 23°W numbers were lower than those
found at the GME site and were concentrated in the 100-200m depth range with no
obvious signs of a DVM. In contrast, although the depth distribution remained
the same, the numbers of L. fowleri at the Azores Front stations were greater

than at the GME site {(Pugh, unpublished data).
Lensia spp. (Tables 7.28-33)

A few nectophores and eudoxids of Lensia spp. remained specificially
unidentified and the depth distribution data for these are presented in Tables
7.28-33.

Dimophyes arctica {Tables 7.34-37)

The nectophores of this species were fairly rare in the RMT1 samples with most
occurrences in the 100-400m depth range, particularly at night. The eudoxid
stage usually occurred much deeper, and several of the hauls at depths greater
than 1500m contained examples (Table 7.1). The data from the RMT8 hauls also
are inconclusive with a daytime maximum between 200 and 300m, while at night
most nectophores occurred in the 300-400m depth range. The small eudoxid stage
was rare in these samples. Pugh (1974) also found that whereas the nectophores
were commonest in the 200-250m depth range, the eudoxid stage was not found at
depths shallower than 660m. However, during the 24h series at 30°N, 23°W, large
numbers of eudoxids were found in the 250m depth zone (Pugh, 1977). As Totton
(1954) reviewed, although this species has a widespread geographical and depth
distribution, it is generally found in colder waters and is most abundant at

shallower depths in high latitudes. Thus, in the N E Atlantic Ocean, peak
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numbers were found in the 50-200m depth range at 53°N, while south of ca. 30°S
the species was rarely found (Pugh, unpublished data). Across the Azores Front
there was an increase in number of D. arctica from the Western Atlantic Water,
where numbers were similar to those at the GME site, across to the East Atlantic

Water.

Family Clausophyidae

Seven clausophyid species were identified but only three occurred in any number
and only these will be discussed here. The data for the other species are given
in Table 7.1

Clausophyes ovata (Figure 7.VIIA, Tables 7.38-41)

The majority of this species was found in the 700-900m depth range according to
the RMT1 catches, while the RMT8 ones indicated a more extensive range from 700
to 1100m with, in both cases, occasional records at deeper depths right down to
the bottom of the water column. The RMT8 data (Fig. 7.VIIA) give the appearance
that a slight DVM was taking place but, judging by the variability in results
between the two nets, this is considered unlikely. Pugh (1984) similarly found
the species mainly in the 600-1000m depth range, and at 600m, although it had an

erratic temporal distribution, there were no clear-cut signs of a DVM.

Pugh (1974) pointed out that there was relatively little information on the
depth and geographical distribution of this species, but that most previous
records had come from the Atlantic Ocean. In the N E Atlantic, Clausophyes
ovata has a widespread distribution from the equator to 60°N, and is generally
found in the 600 to 1000m depth range although it is often found at deeper
depths (Pugh, unpublished data). At the Azores Front site, the population in the
Western Atlantic Water was very similar to that at the GME site, but the
population was considerably enhanced in the Front and East Atlantic Water (Pugh,

unpublished data).

Chuniphyes multidentata (Figure 7.VIIB, Tables 7.42-44)

This large clausophyid species was found almost exclusively in the RMT8 net
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catches. It had a widespread depth distribution from 400m depth to the bottom
of the water column, with the majority occurring in the 1200-2700m depth range.
Most previous records from similar areas have indicated a peak abundance in the
600~-800m depth zone (Leloup and Hentschel, 1935; Pugh, 1974) but depths below
1000m were rarely sampled. At 30°N, 23°W peak numbers actually occurred between
500 and 600m, and there the population overall was an order of magnitude greater
than at the GME site. In contrast, in the Western Atlantic Water at the Azores
Front, numbers were slightly lower and the population was fairly evenly
distributed below 500m depth. Across the Front numbers were considerably
higher, with a widespread abundance peak in the 500-1200m range (Pugh,
unpublished data). Other data indicate that this species 1is more common in

temperate than tropical waters.

Chuniphyes moserae (Figure 7.VIIC, Tables 7.45-46)

This species was found mainly in the 1100-1500m depth zone, although there were
sporadic records at deeper depths. Little is known about the geographical and
depth distribution of this species, probably because most sampling programmes do
not adequately sample the bathypelagic depths at which it lives. In the N E
Atlantic C. moserae has been found at stations from the equator to 42°N, and
further to the north it is replaced by its congener, C. multidentata (Pugh,
unpublished data). At both the 30°N, 23°W station and in the vicinity of the

Azores Front, similar numbers of C. moserae were found, mainly in the 1000-2000m

depth zone.

Family Abylidae

Eight abylid species were found in the GME samples, but only three were present
in any number. Most abylid species are epipelagic, warm-water species
apparently with restricted geographical ranges, although the information in the
literature is not usually sufficient to assess these ranges in detail. One
species, Enneagonum hyalinum usually lives at deeper depths and has a widespread
geographical distribution (Pugh, 1974). At the GME site most of the records for
this species occurred in the 500-110m depth range (Table 7.1).
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Ceratocymba sagittata (Figure 7.VIIIA, Tables 7.47-49)

The RMT1 data indicated that this species was found mainly in the 400-500m depth
range by day but was more widely spread, between 50 and 300m at night. The RMTS8
data indicate a concentration of nectophores in the 200-500m depth range by day
with an apparent DVM for the deeper part of the pouplation so that, at night, it
was found mainly in 200-400m depth range. The eudoxid stage had a similar depth
distribution, and Pugh (1977) found, at 30°N, 23°W, that this stage underwent a
rapid DVM through the 250m depth zone at dawn and dusk.

Ceratocymba sagittata is a well known, but not abundant, epipelagic species in

the warmer waters of the World's Oceans (Pugh, 1974), it is well known from
samples in the vicinity of the GME site; at similar depths and in the same

abundance (Pugh, unpublished data).

Abylopsis eschscholtzi (Figure 7.VIIIB,C, Tables 7.50-53)

The RMT1 and RMT8 data show remarkable accord and indicate that this species is
concentrated in the top 50m of the water column, with no obvious DVM although
the sampling regime would be too coarse to assess any such small-scale
migration. The eudoxid stage of this species was caught in large numbers
(Tables 7.50-53), and had a similar depth distribution to the nectophores. It
is probable that all records from the deeper samples (Table 7.1) are due to

surface contamination.

Although Abylopsis eschscholtzi is a well-known epipelagic, warm-water species,
there is not a great deal of information in the literature on its depth
distributions. However, Leloup and Hetnschel (1935) and Pugh (1974) found it to
be commonest in the top 100m of the water column, while (Moore 1949, 1953) found

mean day levels in the top 50m, with little indication of any DVM.

The geographical distribution pattern of Abylopsis eschscholtzi and of its

congener, A. tetragona, appears to be complicated. At the GME site, and indeed

at 30°N, 23°W, (Pugh, unpublished data), A. tetragona is very rare while a

fairly sizeable population of A. eschscholtzi exists. Similarly at the Azores

Front site A. eschscholtzi was more abundant in the Western Atlantic Water than
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at the GME site, but showed a rapid decline across the front to low numbers in

the East Atlantic Water. A. tetragona, again, was very rare (Pugh, unpublished

data). However, elsewhere in the North Atlantic the two species do not appear
to be mutually exclusive and Pugh (1975) illustrated the variations in the

population of these two species in a transect across the Atlantic at 32°N.

Bassia bassensis (Figure 7.VIIID,E, Tables 7.54-57)

Bassia bassensis was found in large numbers in the top 200m of the water column,

and it is probable that all records from deep nets (Table 7.1) are due to
surface contamination. There is a great disparity between the day and night
totals for nectophores in both nets, with more being found at night. Thus,
although the population appeared to be migrating to very shallow depths at
night, such a conclusion should be treated with some caution. The eudoxid stage

had a similar depth distribution to the nectophores.

Bassia bassensis is a well-known, abundant, warm-water species occurring mainly

in the top 100m of the water column (see Pugh, 1974). Like Chelophyes

appendiculata, its geographical distribution is more extensive than other

epipelagic species and it has been found in large numbers at 40°N (Pugh,
unpublished data). Similar populations to the GME site were found at 30°N, 23°W
and in the Western Atlantic Water at the Azores Front, but across the front and

in the Eastern Atlantic Water numbers were considerably enhanced (Pugh,

unpublished data).
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8. CHAETOGNATHA K.C. Chidgey

Chaetognaths are caught by both the RMT 1 and RMT 8 but the present RMT 1
material was in poor condition and, except for the deep hauls, has not been
examined in detail. Total numbers of chaetognaths in both RMT 1 and RMT 8
catches are given in Tables 6.25-6.29. The total numbers caught by the RMT 8
throughout the water column were surprisingly low and especially low in the
0-50m layer. There was an increase in total numbers caught at night in the
0-25m hauls (13: 171) and in the 0-100m hauls (176: 435 - Table 6.28), but the
numbers of individual species caught by day and night were too low to obtain any

specific results on diel vertical migration except for Sagitta hexaptera.

In the RMT 8 hauls five genera of pelagic chaetognaths were found (Table 8.1)
comprising 18 species, including one new species of Sagitta, a single specimen

of Heterokrohnia davidi only recorded once before (Casanova, 1985) and another

new Heterokrohnia species not yet described. There was also one specimen of H.

murina, another species only recorded once before (Casanova, 1985) in a deep RMT
1 haul. The results are compared with other unpublished I0S data previously
obtained in the north east Atlantic, with the Sond Cruise results (Chidgey,

1985) and with a 24 hour series of hauls at 30°N, 23°W (Roe, 1974).

Krohnitta subtilis (Table 8.2)

K. subtilis is an epi- or mesopelagic species found between the surface and 900m
in warm and temperate regions, but surprisingly few of this species were caught
in these hauls considering the numbers obtained previously at 28°N, 14°W between

0 and 960m (Chidgey, 1985) and at 30°N, 23°W between 240 and 260m {(Roe, 1974).

Pterosagitta draco (Tables 8.2, 8.3)

The numbers caught were again lower than expected but it probably was not
adequately sampled by the RMT 8 as its maximum length is only 11mm. P. draco
occurs above 300m in all oceanic temperate and tropical waters and it is
recorded in the Discovery Collections at 18°N, 25°W, at 28°N, 14°W, at 30°N,
23°W and at 40°N, 20°W (Chidgey, 1985; Roe, 1974 and IOS unpublished data).
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Eukrohnia spp.

The genus Eukrohnia was not well represented at this site, especially in the

deeper hauls; only E. hamata, E. fowleri and E. bathyantarctica were found in

small numbers and virtually no specimens occurred below 1500m. No specimens of
E. bathypelagica were caught although it has been found at 18°N, 25°W and at
40°N, 20°W (IOS unpublished data).

E. hamata is epipelagic at high latitudes and meso- or bathypelagic at lower
latitudes. Very few specimens were caught in the night hauls or below 1200m and
the maximum numbers caught were by day at 400-500m (Tables 8.2, 8.4). At 18°N,
25°W E. hamata was found between 110 and 1250m with maximum numbers at 210-290m,
at 28°N, 14°W between 350 and 960m with maximum numbers at 475-570m; at 40°N,
20°W between 110 and 2000m with maximum numbers at 910-1000m and at 42°N, 21°W
it was found in the 3475-3640m layer (Chidgey, 1985 and IOS unpublished data).

E. fowleri is a cosmopolitan meso- or bathypelagic species and in these series
of hauls it was found below 800m, but with very few specimens below 1500m
(Tables 8.5, 8.6). In the Discovery Collections it is recorded at 18°N, 25°W,
at 28°N, 14°W, at 40°N, 20°W and at 42°N, 21°W with a depth range of 410-4021m
(Chidgey, 1985 and IOS unpublished data).

Only a few specimens of E. bathyantarctica were found (Table 8.2) but it has now

been recorded in the Discovery Collections at this site (31°N, 25°W), at 18°N,
25°W, at 40°N, 20°W and at 42°N, 21°W (IOS unpublished data), thereby increasing
its geographical range from one solely in the Antarctic (David, 1958) to a more

widespread bathypelagic distribution in the north east Atlantic.

Heterokrohnia spp.

Due to recent improvements in deep fishing techniques (Roe and Shale, 1979; Roe
and Darlington, 1985), the known species of Heterokrohnia now number nine. H.

davidi was found in an RMT8 haul at 2700-3110m (Table 8.2); H. murina in an RMT

1 haul at 4295-4720m; 15 specimens of Heterokrohnia nov. Sp. were caught in the

deep RMT1 hauls and a single specimen in a deep RMT 8 (Table 8.2). These three
species have also been found at 42°N, 21°W between 3500 and 4000m (IOS
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unpublished data).
Sagitta spp.

The genus Sagitta comprised eleven species at this site; S. lyra (2009

specimens) and S. hexaptera (1985 specimens) were the most numerous.

S. lyra is an epi- or mesopelagic species with an extensive vertical
distribution, although maximum numbers are usually found in the epipelagic
layers. 1In this species there is a direct relationship between size, and
therefore maturity, and depth large individuals being deepest. In the RMT §
hauls it was not well represented in the 0-100m layer and the maximum numbers
caught were between 300 and 600m (Tables 8.7, 8.8). S. lyra has been caught
extensively throughout the water column at 18°N, 25°W, at 28°N, 14°W, at 30°N,
23°W and at 40°N, 20°W (Chidgey, 1985; Roe, 1974 and IOS unpublished data) but

at 40°N it was also low in numbers in the 0-100m level.

S. hexaptera is an epi- or mesopelagic species with maximum numbers usually

occurring between the surface and 300m in all warm and temperate oceanic waters.

In the RMT 8 hauls the numbers of S. hexaptera caught in the 0-100m layer showed

a slight increase at night and a corresponding decrease in the 100-300m layer
indicating a small diel vertical migration (Tables 8.9, 8.10). Both juveniles
and adults were caught throughout the water column whereas at 18°N, 25°W and at
28°N, 14°W there was a slight diel vertical migration of only the juvenile

population within the 0-100m layer (Chidgey, 1985 and IOS unpublished data).

As with S. lyra, virtually no S. hexaptera were caught in the 0-100m layer at
40°N, 20°W (IOS unpublished data).

S. decipiens is usually described as a cosmopolitan mesopelagic species of warm

and temperate waters but it was very scarce at this site; only two specimens
were caught in the night RMT 8 hauls (Tables 8.2, 8.11). It has been recorded
in high numbers at 18°N, 25°W, at 28°N, 14°W, at 30°N, 23°W and at 40°N, 20°W
(Chidgey, 1985 and IOS unpublished data). However, it is a slender species with
a maximum bedy length of 14mm and the previously recorded high numbers included
hauls using the finer meshed N113 and RMT 1 nets.
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Too few specimens of S. bipunctata were caught to draw any conclusions although

this is a cosmopolitan epipelagic species commonly found in the north east
Atlantic (Tables 8.2, 8.12). It has previously been found in quite high numbers
in the Discovery Collections at 18°N, 25°W and at 28°N, 14°W, but only a small
number at 40°N, 20°W (Chidgey, 1985 and IOS unpublished data).

A few specimens of S. serrodentata were caught (Table 8.2). This species is a

common epipelagic species of warm Atlantic waters, usually below 50°N, and has
been found in high numbers at 18°N, 25°W and at 28°N, 14°W. This species is

often confused with S. tasmanica which however is generally found in colder

waters than S. serratodentata (Chidgey, 1985 and IOS unpublished data).

Three specimens of the epipelagic S. enflata were caught in the RMT 8 hauls
{Table 8.2). It is recorded in the Discovery Collections in low numbers at
28°N, 14°W, at 30°N, 23°W and at 40°N, 20°W, but at 18°N, 25°W it was the second
most numerous chaetognath caught (Chidgey, 1985 and IOS unpublished data).

S. planctonis is considered by some authors to be a separate species (David,

1956) or it is considered, with S. zetesios to be a form of a polytypic species,

S. planctonis f. planctonis, (Pierrot-Bults, 1969). I consider it to be a

separate species but closely related to S. zetesios and to the deep Sagitta nov.

sp. found at this site (Chidgey, in prep.).

S. planctonis is generally described as a shallow mesopelagic species found

between 40°S and 40°N, and in these RMT 8 hauls it was found between the surface
and 1500m and in an RMT 1 haul at 5132-5233m (Table 8.13). At 18°N, 25°W it was
found between 49 and 900m, at 28°N, 14°W between the surface and 800m and at
42°N, 21°W between 1000 and 4031m (Chidgey, 1985 and IOS unpublished data).

S. zetesios was found below 500m in the RMT 8 day hauls and below 600m in the
night hauls, and 1 specimen was caught in the 5345-5385m haul (Tables 8.2,
8.14). Its distribution ranges from 60°S to 60°N and between 40°S and 40°N it
is usually described as a deep mesopelagic species. However, in the Discovery
Collections it has been found at 18°N, 25°W between 300 and 1250m, at 28°N, 14°W
between 400 and 960m, at 30°N, 23°W between 240 and 260m, at 40°N, 20°W between
400 ad 2000m and at 42°N, 21°W between 1000 and 4021m (Chidgey, 1985; Roe, 1974
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and IOS unpublished data).

S. macrocephala is a widely distributed meso- or bathypelagic species rarely
occurring above 500-600m. It was found in the RMT 8 hauls below 600m by day and
800m at night, and as deep as 5110m (Table 8.15, 8.16). At 1200-1300m the
population consisted entirely of juveniles and adults were only found below

1910m. It has been recorded at all the other areas studied below 440m (IOS
unpublished data).

One specimen of S. maxima, a cold deep water species, was found at 1100-1200m
(Table 8.2). It has previously been recorded in the Discovery Collections at

42°N, 21°W and at 60°N, 20°W (IOS unpublished data).
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9. GASTROPODA C.d. Ellis

Pteropoda

These holopelagic opisthobranch molluscs swim by means of muscular footlobes
which look like wings and give them the common name of sea butterflies. There
are three groups of pteropods, the gymnosomes, pseudothecosomes and the
euthecosomes. The gymnosomes are shell-less carnivores, their prey usually
being euthecosomes. The majority of pteropods are shallow living but some

species e.g. Peraclis bispinosa (a pseudocthecosome) and Clio polita (a

euthecosome) are deep mesopelagic to bathypelagic. Pteropods were collected by
both RMT 1 (Tables 6.33-35) and RMT 8 nets.

Gymnosomata

Gymnosomes are particularly difficult to identify to species usually due to
their contraction during fixation (van der Spoel 1976). They are poorly known

and little information is available on their distributions or biology.

Only eight specimens were taken in the BMT 8 nets (Table 9.1). Six of these
were caught below 500m and were possibly predatory on the deep-living species

mentioned above.

The RMT 1 caught a great many very young juveniles about 0.5mm diameter
(apparently all the same species). The data for juveniles are distinguished
from the much larger adult specimens in Table 9.2. Juveniles seemed to occur
principally at mesopelagic depths from 100-600m whereas adults occurred

erratically throughout the water column.

Pseudothecosomata

The Pseudothecosomata includes 3 diverse families, the Desmopteridae,
Peraclididae and Cymbuliidae. All have the parapodia fused to a swimming plate
and the mouth is raised and projects ventrally. The pseudothecosomes use a
funnel-shaped mucous sheet to trap food. Fragments of large fast moving prey

can be found in the stomach contents (Gilmer and Harbison 1986) so it is not
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clear whether they should be regarded as carnivorous trappers or suspension

feeders. Probably they exploit a wide range of food sources.

Relatively few pseudothecosomes were caught. Data for cymbuliids are given in

Table 9.3 but they have not been identified to species.

Peraclids, with their distinctive shells have been specifically identified.

Three species were found, of which Peraclis bispinosa was the commonest (Tables

9.4-9.6). This is a deep meso- to bathypelagic species. Numbers per m?* of sea
surface are low; 1.23 by day and 1.72 by night for the top 1500m, but how this
compares with other areas is unknown as no comparable data are available.

Pafort-van Iersel (1985) regards P. bispinosa as a typical inhabitant of

subtropical and transitional waters up to 45°N.

A very few specimens of the shallower-living species P. apicifulva and P.
depressa were found; 0.78/1000m*® between 300-400m (day) and 23.17/1000m® between
0-100m (day) respectively.

Euthecosomata

Most euthecosomatous species are found in the top 20Cm of the water column,

though some such as Clio pyramidata are commoner at mesopelagic depths and Clio

polita is a deep meso/bathypelagic species. Specimens of species other than

Clio polita caught below ca 800m probably represent leakage contaminants or

dead/dying individuals.

Most species undertake a diurnal vertical migration. In RMT 1 hauls the peak
density for euthecosomes was between 100-200m by day and 0-100m by night (Tables
9.7-9, Fig. 6.X). The number per m? of sea surface in the top 1000m was 47.25
by night and 59.96 by day. Most individuals (predominantly Limacina spp!) are in

the smaller (0.32mm) size fraction - 44.8/m? by night and 59.0/m? by day.

The larger species are better sampled by the RMT 8 (Table 9.10) which gave an
estimated 6.35/m* by day and 2.13/m? by night in the top 1000m. These data are
similar to the densities observed in June at 35°N 33°W where there were 9.08/m?

by day and 8.94/m? by night (Ellis unpublished data). Both sites are depauperate
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when compared with samples taken in June in the Sargasso Sea (30°N 33°W) where
there were 56.42/m® by day and 60.02/m? by night. There are no comparable data
available for RMT 1 hauls. These densities are unlikely to be constant
throughout the year and occasionally huge monospecific swarms occur. One such

swarm was sampled at 39°30'N 15°W where Cavolinia inflexa reached an estimated

density of 3,850 individuals per m® sea surface in the top 200m, (Ellis pers.

obs.).

The details of vertical migration in individual species are mostly poorly known
and probably differ with season and latitude. However, migration to the surface
is unlikely to occur from depths greater than 600m. There is no evidence of
migration in the unusually deep-living Clio polita and this species, which
appears to be the only bathypelagic euthecosome in these samples, was not

recorded from depths greater than 2700m.

Euthecosomes do, however contribute to a downward flux of material to the

benthic environment. For example single Peraclis bispinosa shells, with

fragments of the soft parts attached, were found in two near bottom samples (Stn
11261#55, 11262#25). These had perhaps been attacked and partially eaten by
gymnosome predators. Also amongst the stomach contents of two species of

asteroid Styrachaster horridus and Hyphalaster inermis (Billett pers. comm.)

were 3 shells of adult Cavolinia gibbosa. Pteropod shells may provide a useful

source of nutrition as their aragonite is laid down on a proteinaceous matrix
and also the nutritive value of a shell may be increased by fungal hyphae which

may invade during degradation (Thiel 1983a).

Limacina species

These were the commonest euthecosomes in the RMT 1 catches. They are small
specles which were not sampled by the RMT 8. Four species were caught, L.

bulimoides, L. inflata, L. leseurii and a species that was not identified.

Limacina bulimoides

This species is regarded by Pafort-van Iersel (1985) as a strong vertical

migrant. In these samples it congregated at 100-200m by day and moved to
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50-100m by night (Tables 9.11-12)}. Records from deeper than 300m are probably

leakage contaminants.

Limacina inflata

This is an abundant warm water species which Pafort-van Iersel (1985) has shown
to be a distinct vertical migrant. Data from GME samples also indicate a

migration, from 300-500m by day to the top 100m by night (Tables 9.13-14).

Limacina leseurii

The distribution and vertical migration pattern were similar to Limacina inflata
(Tables 9.15-16).

Limacina sp.

These tiny patulous-shelled animals also showed a vertical migration from
100-200m by day to 50-100m by night (Tables 9.17-18).

Diacria major

This relatively large species was previously considered to be a subspecies of D.
trispinosa, hence not much information on its distribution is available.
However, Pafort-van Iersel(1985), using data from the AMNAPE transect, found
that it occured mainly from 25°N to 30°N in the mid North Atlantic. She also
suggested that the species was a non-migrant. The present depth range (50-300m)
is identical to that found in the AMNAPE material (Table 9.19). The number per
m? of sea surface in the top 500m was 0.06 by day and 0.05 by night.

Diacria trispinosa

This species has a wider geographic range than D. major in the mid North
Atlantic. Pafort-van Iersel (1985) found it between 25-51°N. It also shows a
clear diurnal vertical migration with peak densities at 200-300m by day and

50-100m by night in the AMNAPE material, and between 300-400m by day and 0-25m
by night at GME (Table 9.19).
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Juvenile Diacria trispinosa or D. major

A number of juvenile specimens were taken by the RMT 1 that could belong to
either of these species: there is no known way to distinguish them prior to the

development of the adult shell. Depth range was 50-100m by day and 50-200m by
night (Table 9.19).

Diacria quadridentata

The adults of this species are relatively small (about 3mm high) but were
sampled by both RMT 1 and RMT 8s (Table 9.19). It occurred principally in the
top 100M. Bé and Gilmer (1977) suggested that it prefers boundary currents, and
is a good indicator species of the Gulf Stream. Conversely however, Pafort-van
lersel's (1985) analysis of the AMNAPE material suggested that it is restricted

Lo subtropical waters and is absent from the Gulf Stream.

Cuvierina columnella

This species is common in tropical and subtropical waters though often patchily
distributed (B& and Gilmer, 1977). Pafort-van Iersel (1985) found a marked
diurnal migration which is repeated in both RMT 1 and RMT 8 material here, with

a peak day time density between 200-400m and a peak night time density between
0.25m, (Table 9.20).

Cavolinia tridentata

A few specimens of this large species were collected in the RMT 8 nets (Table
9.20). All the specimens were taken by day from 50-100m. Little is known of
the depth or geographic distribution of this seldom captured species in the

North Atlantic, though it is generally regarded as being subtropical (Be and
Gilmer 1977).

Cavolinia gibbosa

Adults were sampled by the RMT 8 and Juveniles by the RMT 1 (Table 9.20).

Pafort-van Iersel (1985) comments on its patchy distribution, and from the data
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available from the AMNAPE material and GME it is difficult to determine whether

or not the species migrates diurnally.

Clio pyramidata

Specimens were taken in both RMT 1 and RMT 8 nets (Table 9.21). Both sets of
data suggest a marked diurnal migration similar to that observed by Pafort-van
lersel (1985). She also records that it is a strongly seasonal species which is

relatively rare in the summer. Hence the low numbers caught here may be a
seasonal effect.

Clio cuspidata

A few specimens were taken by both RMT 1 and RMT 8 (Table 9.21). Diurnal
migration was demonstrated by Pafort-van Iersel (1985) at 45°N 34°W and she also

notes that it was absent south of 30°N in the summer collections of AMNAPE.

Clio polita

This species occurred from 1910m to 2700m in the RMT 1s and from 500m to 1910m
in the RMT 8 (Table 9.21). This depth range seems to be normal for the species

(Pafort-van Iersel, 1985). It does not appear to be a vertical migrant.

Styliola subula

This small, conical-shelled sSpecies was occasionally taken in the RMT 8 catches
but is much better sampled by the RMT 1 (Tables 9.22-24). Most specimens pass
through the 1.0mm mesh into the .32mm subsample, since although the shell length
can be up to émm the diameter is seldom more than 1.0mm. The GME data are
somewhat erratic for day hauls but at night most specimens occurred at 25-50m.
Pafort-van Iersel (1985) found a diurnal vertical migration from 200-400m by day

to 0-50m by night at 45°N. She also described seasonality, the species being
least abundant in the summer.
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Creseis sp

The shells of Creseis resemble those of Styliola subula but are longer, thinner

cones. Most specimens were damaged and shell-less and had to be identified on
soft characters notably the wing cusp. Identification to species was not
possible. Specimens were taken mainly in night hauls (Table 9.25) and perhaps

sSuggest a patchy distribution.

Unidentified euthecosomes

A few specimens which had lost their shells and were very badly damaged or very

small could not be identified. These are listed in Table 9.25.

Heteropoda

The Heteropoda are prosobranchs highly modified for a holopelagic carnivorous
exlistence. They are typically shallow living (see Tables 6.36-38). Occurrences
of heteropods in samples below 600m are most probably leakage contaminants or
dying. Heteropods fall into two main types, the gelatinous pterotracheids and
carinariids in which the shell is absent or greatly reduced and the more common
and less modified atlantids which can completely retract into a coiled shell.

Data on Seasonality in these animals is very poor but they can occur in large
swarms (Taylor & Berner, 1970).

Pterotracheids and Carinariids (Table 9.26)

Three carinariids and 3 pterotracheid species were present in the GME samples.
One species of carinariid, Carinaria Challengeri was taken only in the >4 .5mm
subsample of RMT 1 11261431, hence it is not included in the RMT 1 data in Table
9.26, but its presence at GME should be noted. This record is considerably

further south than records given by Pafort-van Iersel (1983). Likewise a

specimen of Pterotrachea hippocampus was found in the >4.5mm subsample of RMT 1
11261473, which is also not included in Table 9.26. The commonest species in

both RMT 1 and RMT 8 hauls was Firoloida desmaresti, the smallest of the

pterotracheid species with a maximum body length of 40mm. This species was not

Seen in samples taken at 30°N 33°W in June 1981 (Ellis, unpublished data) whilst
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P. scutata, which was common in these latter samples, was absent from GME. This
1s possibly due to seasonality of the species. There is some previous evidence
of seasonality and Pafort-van Iersel (1984) notes that most species were
commoner in the spring and summer collections of the Amsterdam mid-North
Atlantic plankton expedition. The general paucity of material, as illustrated
Dy these samples, makes an understanding of the seasonal and geographical

distributions a difficult task.

Atlantids

In these shelled heteropods the shell seldom exceeds 12mm diameter. It is

multispiral and flattened in one plane with the large outer whorl encircled by a

D

weel. 1s with the pterotracheids and carinariids they are shallow living. The
data for total atlantids is figured (Fig. 9.I). Table 9.27 lists species in the
Lop 300m of the water column. Occurrences below 300m are either contaminants or
=2lse in the process of sinking out of the water column. Identification of

specles was based on Tesch (1949) and van der Spoel (1976). The separation of

Atlanta zaudichaudi and 4. peroni was particularly difficult as many specimens
were juvenile and could not be keyed out. It was assumed that large specimens

with pigment at the base of the keel were A. gaudichaudi. Juveniles were

separated on the basis of a black-pigmented duct lying between the head and

hepatopancreas - those with a black duct were attributed to A. gaudichaudi.

There is some doubt that 4. peroni and A. gaudichaudi are separate species.

Eight species were found in the samples and two main types of veliger
larvae (Table 9.27). One veliger type with purple shells was ascribed to A.

inflata. They are probably not A. helicinoides (also purple shelled at GME) as

the rate of whorl expansion does not fit with this species. The white shelled
veligers could belong to several of the other species or they could be mixed

species. Most probably they are juvenile A. peroni or A. gaudichaudi - though

they might also be juveniles of another species, e.g. A. leseuri which occurred
at 30°N 33°W in June 1981 (Ellis unpublished data), and the possibility that

they were juveniles of A. inclinata (comparatively rare in these samples) cannot
be excluded.
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The data are by no means conclusive, but are suggestive of a minor diurnal
vertical migration over a short range, at least in A. peroni and possibly A,
inflata. Examination of Table 9.27 and Figure 9.1 also suggests that a diurnal
migration occured in the 1.0-4.5mm fraction i.e. that the larger atlantids
migrated upwards from 50-100 to 0-50m at night. In the small size class
(.32-1.0mm) there is a large discrepancy in numbers by day and night with fewer
by night (4.22 per m? sea surface - in hauls #29, #30 and #31) than by day
(179.14 per m? sea surface - hauls #73, #74 and #75). This is likely to arise if
the animals are concentrating at the surface at night and so escape being

sampled effectively.
Monotocardia

3esides the holopelagic gastropods (opisthobranch pteropods and prosobranch
neteropeds) the juveniles of some more snail-like monotocardian prosobranchs
Jere found. Tnese seem to survive capture fairly well as the animals can
retreat into their shells. However, the shells may become fragile in the
preservative. All the specimens were small, seldom more than a few millimetres
shell height and their contribution to the biomass was trivial. The great

majority were tiny juveniles of a ianthinid species occurring largely in the top

100m of the water column.

The material was sent to Dr. P. Bouchet of the Museum National d'Histoire
Jdaturelle (Paris) wno identified them in collaboration with Dr. A. Waren of the
Naturnistoriska Riksmuseet (Stockholm). Material from the RMT 8 and the EMT 1

nets are considered separately.

RMT 8 Samples

Eleven specimens were found, all too small for their populations to have been
representatively sampled by the RMT 8 nets. However, the material included two
species not found in the RMT 1 catches, viz the tconnaceans Tonna galea and

Cypraecassis sp. The data are listed in Table 9.28.

All were probably the teleplanic larvae of shallow water Tonnacea. The nearest

possible locality for the source community is Cruiser Seamount some 140 miles to
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the northwest. Decapod larvae of similarly shallow-living species have also
been found in GME samples (see Section 17). Hence it can be deduced that there

is some measure of horizontal flux in these communities.

RMT 1 Samples

The RMT 1 samples yielded some 596 specimens of eleven species. The majority
(576 specimens) were the larvae of a Ianthina species (Tables 9.29-31). The
other ten species were represented by only one or two specimens per subsample
and in view of the paucity of the data it would be misleading to provide numbers
per 1000m® for these (Table 9.32), particularly as gastropod shells, being
heavy, sink quickly so numbers are likely to be poorly estimated from fractions.
The value of the data lies in illustrating the potential for vertical
interchange between the benthos and the water column in the form of larval

gastropods. The specimens of Benthonella, Haloceras and eulimid are all larvae

of benthic species and are discussed below.
lanthina sp. A (Taenioglossa: Ptenoglossa: Ianthinidae)

lanthina species are holopelagic. They enclose air in bubbles of mucus to form
a raft which allcws them to stay floating at the sea surface where they feed

largely on siphonophores, especially Velella (Fretter and Graham, 1G62).

Juvenile specimens were abundant in the top 100m of the water column (Tables
9.29-9.31). They were small and of uniform size, about 0.5mm spire height,
suggesting that they were recently released. The numbers were erratic, estimated
numbers per m’ for the top 100m were 16.74 by day and 47.46 by night on the
basis of the three hauls subdividing the top 100m, whilst estimates based on
0-100m hauls give 104.99 per m? by day and 6.17 per m® by night. These data and

the biology of Ianthina suggest that the juveniles are highly patchy in their
distribution.

Specimens apparently occurring deeper in the water column are likely to be

leakage contaminants in view of their small size and relatively high densities
at the surface.
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lanthina sp. B (Taenioglossa: Ptenoglossa: Ianthinidae)

4 single specimen of a different ianthinid species was found at 1100-1200m. Tais

is probably a surface coentaminant {(Table 9.32).
-ymatiid spp. (Taenioglossa, Tonnacea, Cymatiidae)

Four species were found in the RMT ! samples (Table 9.32). 3Sp. C was the
commonest, with 4 specimens in RMT 1 catches and 6 in the RMT 8. Of these ten
Specimens nine occurred in hauls taken in the top 100m of the water column; the
tenth was taken in haul 11261#19 and is probably a contaminant as this haul
contains a range of shallow-living species. Cymatiids are carnivorous
arosooranchs, squipped with an efficient neurotoxic saliva that they sguirt over

“aelr orey which is frequently echinoderm (Fretter and Graham, 1962).
Zchinospira larvae (Taenioglossa: Lamellariacea)

Echinospira larvae are found in three families, Lamellariidae, Eratoidae and
Capulidae. These larvae are long-lived in surface waters with an elaborate
shell which helps to keep them afloat. The single specimen caught was
nautiloid - suggesting that it was a lamellariid (Table 9.32). These are

carnivorous prosobranchs typically feeding on tunicates (Fretter and Graham,
1962).

Benthonella (Taenioglossa: Rissoacea)

Three specimens were taken, between 1700-2600m off the bottom (Table 9.32).
There were a number of adult Benthonella taken in the sledge samples (see
Section 30). It is known that larvae of this genus migrate to the surface and
then return to the benthos after metamorphosis (Bouchet, 1976a,b; Bouchet and
Fontes, 1981). From the size of the shell it would seem likely that the present

specimens were caught in the process of sinking to the bottom.

Turrid, Eulimid, Haloceras and unknown species

Juveniles of these were found in the near bottom samples suggesting that the
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larvae of these species migrate a few tens of metres off the bottom but do not

make the migration to the surface seen in Benthonella.

The turrids (Stenoglossa: Conacea: Turridae) live mainly on soft bottoms feeding
on polychaetes. At bathyal and abyssal depths they are usually the commonest
prosobranchs both in terms of Species and numbers of specimens (Bouchet and
Waren, 1980}. Unusually at GME the benthic fauna is dominated by echinoderms

rather than polychaetes so the turrids are also likely to be less important at
this site (Section 22, 30).

“he eulimids (Taenioglossa: Aglossa: Eulimidae) are ectoparasitic, usually
associated with echinoderms and specialising in feeding on body fluids (Fretter

and Graham, 1362). This Juvenile specimen could not be identified at species or
=ven generic level.

“verall these gastropod larvae make 3 comparatively trivial contribution to the
Clomass. However the Possibility exists that the larvae arising from benthic
specles may provide an upward pathway for flux of material off the bottom into

the pelagic communities. In some species the larvae may even reach the surface.
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10. OSTRACODA C.Jd. Ellis

Ostracods are usually the second most abundant group after copepods in plankton
samples. At GME there were 1206/m? sea surface in the top 1000m by day and
1465/m? by night. This is a similar density to that seen at 35°N, 33°W where
there were 1373/p2 by day but less than observed at 30°N 33°W (1818/m? day) and
at 49°N 14°W (2401/m? day) (Ellis unpublished data).

Ostracods were present throughout the water column, their density declining with
increasing depth so that at about 1500m there was only about 1% of the density
seen 'n shallow water (Tables 6.42-44;5 Fig. 6.X). No near-bottom increase in
overall density occurred at GME, in contrast to ostracods elsewhere in the North
Atlantic (Hargreaves, Zl1lis and Angel, "984; Ellis, 1985), However, this
seneral view disguises the near-bottom increase observed in one ostracod genus,

3athyconchoecia, t is probable that leakage contaminants arfect the overall

Figures, disguising a small but real increase near-bottom. Elimination or
contaminants requires ldentification to species and a more complete data bank on

vertical distributions than is currently available.

Identification of Species is particularly difficult with GME material as the
condition of most of the OStracods was very poor. Most ostracod species can be
recognised by carapace characters, when sex or instar is also apparent.

However, Many of the present Specimens consisted of detached and battered
-arapaces, or were missing appendages that might have aided identification. The
near-bottom ostracod community contains many undescribed species (e.g. Angel and
Baker 1982), and the present samples had a number of new or partially described
Species. In very few benthopelagic species have both sexes and larval stages
been fully described (Ellis, in press). Clearly nothing is known of the ecology
of undescribed Species and very little about described abyssal and benthopelagic
Species. Even within the better known meso- and bathypelagic species such
aspects of the ecology as deep tails to vertical distributions (Angel, 1979,
1983a) are not properly understood. These problems make analysis of the data

from this under-researched group very difficult.

ldentification to genus, and in some cases to species has been possible. Eight

genera were distinguished Gigantocypris, Macrocypridina, Halocypris, Halocypria,
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Archiconchoecia, Bathyconchoecia, Conchoecia and Thaumatoconcha. For five

genera only one species occurred, hence generic numbers are equivalent to

specific numbers. All Archiconchoecia and a few Bathyconchoecia were identified

to species.

Gigantocypris

The features distinguishing the two species of Gigantocypris that occur in the N

E Atlantic are only usable for adult undamaged specimens. The majority of
Specimens in these samples were battered and Juvenile or were detached
carapaces. Material from the RMT8 hauls could not be identified to species
(Table 10.1). However 4 adults caught in the >4.5mm mesh of the RMT 1 samples,

w“ere in better condition and were tentatively identified as G. dracontovalis.

“ther specimens in the RMT1 samples were mostly juvenile or carapaces; they

malnly occurred between 2310-4295 suggesting that they tco were G. dracontovalis

‘Tables 10.2-3; Fig. 10.I). This species is deeper living than its congener G.
mulleri. Angel (1979, 1983a) recorded it between 2100-3900 (42°N, 17°W) below
2500m (44°N, 13°W) and below 3000m (20°N, 21°W). This species is not thought to

undertake any vertical migration.

Jdacrccypridina

There is only one pelagic species in this genus, M. castanea. It was regular
dut not abundant between 300-1400m in the RMT 8 catches (Table 10.1); a few
specimens were also taken by the RMT 1 (Tables 10.4-10.5, Fig. 10.I). These
data agree with those of Angel (1979) who found that at 30°N, 23°W the adults
were deep mesopelagic (500-1500m) by day and that a substantial proportion

migrated upwards at night; whilst juveniles were shallower (50-400m) by both day
and night.

Halocypris

Two species of this genus were encountered in the GME samples, H. inflata and H.
pelagica. They are Cclosely related, the most obvious distinguishing character
is size combined with a subtle distinction in carapace shape (Angel, 1982).

Adults are relatively easy to distinguish, however juveniles are more difficult
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- especially when the material is in poor condition. A single specimen of H.
inflata -~ an adult female, was caught between 50-100m (Day). All the other

specimens were identified as H. pelagica (Tables 10.6-10.8, Fig. 10.I).

Most H. pelagica were taken in the top 200m, hnowever there was a deep tail to
the population consisting largely of females which extended to between 800-2700m
(Tables 10.6-10.8, Fig. 10.I). Below this, the samples appeared to contain more
Juveniles than adults and the relative numbers of sexes and stages seem more
like those of shallow hauls - suggesting that they might be leakage
contaminants. Vertical migration occurred with peak densities at 100-200m by

day and 0-100m by night (Fig. 10.I).

angel (72982) recorded the overall dominance or 4, pelagica in the water column
at 30°N, 223°y though H. inflata dominated a neuston net catch at this position.
He also found a deep distributional tail of females at both 30°N, 22°W and 32°N,

24°W {Angel, '979).
Halocypria

H. globosa is the Sole species within this genus. Females occurred erratically
throughout the water cclumn but were taken mainly from 0-300m by day and 0-100m
by night (Tables 10.9-11; Fig. 10.1). Juveniles were taken by day only in the

top 200m. Only two males were caught, one at 600-700m (day) and the other at
700-80Cm (night).

Angel (1979) regards H. globosa as typically a centre gyre species which may be
advected into peripheral regions. At 32°N 64°W, he found that females and
Juveniles were concentrated in the top 200m, whereas males occurred deeper,
mainly between 800-900m. The female distribution showed a distinct deep tail
going down to 2000m. Deevey (1968) failed to observe adult males in samples

taken off Bermuda, probably because the maximum depth of her samples was 500m.

The deep distributional tail of females is a common feature of H. globosa
distributions (Angel, 1979, 1983a) but has not been fully explained. Angel
(1982) reported numerous adult female H. globosa at depths around 1000m in the
Porcupine Seabight and Suggested that the capture of H. globosa might be a



62

function of season and depth of fishing. However, the extreme depth of females
at GME is surprising, though if they were leakage contaminants then it would be

expected that some juveniles would also have been seen - and this was not the

case.

Archiconchoecisa

The species of this genus can be split into three types, cucullata-group,

striata-group and ventricosa-group. All the specimens of Archiconchoecia have

ceen identified to species (Tables 10.12-10.14) .

The largest species are in the cucullata-group. Currently only one species has
Seen described but there are at least three others oeing described, {Angel, in
$TeD.J, two of which were also found here. These new species are not yet named

and are designated A. sp.M and A. sp.P.

Adult A. cucullata and A. sp.M can be distinguished on size. However, many of

the specimens in this group were badly damaged and Juvenile, making it difficult
LO assign them to species. The data should therefore be treated with

circumspection.

A. cucullata

-+5 specles occurred throughout the water column below 1000m, but appeared to
avoid the near-bottom environment. It was not present in samples closer than

200m off the sea bed. Angel (1979) found that it occurred deeper in the water

column than A. sp.M at these latitudes.

A. sp.M

This small species showed peak densities at 800-900m by day and 300-400m by
night. It occurred at low densities throughout the water column and most

Specimens at abyssal depths are probably leakage contaminants.
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A. sp.P

This is an abyssorpelagic and benthcpelagic species. It occurred at low

densities below 2700m. Twelve specimens were taken and most were badly damaged.

A. striata

A. striata is a very small species, the female, which is larger than the male,
is about 0.5mm carapace length (Deevey, 1968). Probably only the female is

adequately retained by the RMT 1 mesh, and all save one of the specimens (a male

taken in 11261#12) were female.

At 30°N, 23°W Angel (:979) found it between 50-400m. At GME it was most

aouncant at shallow mesopelagic cepths thougn its occurrence was rather erratic.

4. bispicula and A. zastrodes

These species fall into the ventricosa-group of eleven Species considered by
Deevey (1978).

Two females and one male 4. bispicula were taken. These were identified by the

WO prongs on the frontal organ and the size and setation of the claw setae of
the sixth limb.

ne male was tentatively identified as A. gastrodes. The identification is

uncertain as Deevey (1978) described only the female, taken at 32°N 64°W in a

haul frem 1000-1500m. However, the size and setal characters of the present
male fit the characters for this species.

Archiconchoecia SPp. occurred throughout the water column. Deevey (1978)

observed that the bercentage contribution of Archiconchoecia to total ostracod

numbers increased from 1.2% at 0-500m to 10% at 1500-2000m. A similar general

Increase with depth was also seen at GME (Tables 10.20-10.22).

Bathyconchoecia

The distribution of this genus is clearly abyssopelagic and benthopelagic at GME
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(Tables 10.15-10.16, Fig. 10.I). The highest densities occurred within 100m of
the sea bed. 1In the three trawls taken in the bottom 100m the highest densities

were between 25 and 50m above bottom.

Identifying the Bathyconchoecia material to species was not feasible. Only 19

species of the genus have been described and probably an equal number of
undescribed species are represented in Discovery Collections. Both male and
female have been described in only six species, and four species have been
described from juveniles only. Identification of specimens was rendered more
difficult by the state of the material, and only 21 of a total of 129 specimens
oelonged to species with distinctive carapace characters; the remainder could

not be sorted into Species, described or undescribed.

‘he 21 specimens belonged to four species. Three specimens were of 7-spined
species - two were Juveniles of a species currently being described (Ellis, in
BreSS) and the other appears to be a juvenile of a closely-related but
undescribed species. One specimen of an undescribed 3-spined species was
caught. The other seéventeen specimens were of another undescribed Species,
which has dramatic diagonal striation. Specimens of this species were taken
mainly within 100m of the bottom but one specimen was taken in 11262#10, some
1000m offr bottom, and two in 11261#68 at 1400-12500m; these two may possibly be
hang-up from a previous haul. A specimen of this species was also found in the

gut of the fish Echinomacrurus mollis {Section 29).

Conchoecia
Z2eoelld

The great majority of halocyprid ostracod species are classified in Conchoecia
(Tables 10.17-10.19, Fig. 10.I); there are over 200 species in the genus. Some
groups of similar species can be identified within the genus but distinguishing
species within the groups can be difficult especially when the material is in
boor condition. Time did not permit specific identification of this genus.
However, Conchoecia sSpecies dominated all the samples {Tables 10.20-10.22),
contributing more than 55% of the total ostracods. Any near-bottom increase in
benthopelagic Conchoecia Species would probably be concealed by leakage
contaminants, a particular problem in this predominantly shallow living genus.

Little is known of the ecology of benthopelagic species and only a few
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descriptions have been published (Angel and Ellis, 1981).

Thaumatoconcha

The thaumatocyprids are recarded as the most primitive of the halocyprids. They

have a long fossil history dating pack at least to the Permian (Kornicker and

Sohn, 1976). They are generally benthic or troglodytic.

A tiny Jjuvenile, tentatively assigned to the genus Thaumatoconcha, was caught in
11261455 (5388-5415m, 24-55mob) .

The members of this genus are typically
centhic.  Tnis specimen is of particular note as this is the deepest record for
a thaumatocyprid in the North Atlantic. The previous deepest record was for T.

celvihrix at 2222m (Kornicker and Sonn, 1976).



66

11. COPEPODA H.S.J. Roe

Introduction

Copepods were the most abundant planktonic group sampled at GME (Tables
£.45-47). They occurred throughout the water column but were most numerous in
the top 500m. Overall there was a distinct upward vertical migration at night in

the epi and mesopelagic populations (Fig. 6.X).

No detailed specific analyses of copepods could be made in the time available.
However the deep RMT1 samples, including one set of near bottom tows were

examined. The replicate near bottom tows were not studied and all the copepod

numbers in Tabl

S 5.45-47 are slight overestimates because they include

[

-ontaminants and carcases {(see below).

“lethods

For each sample (Table 11.1) the calanoid and non-calanoid copepods considered

to be alive when captured, and to inhabit the depth sampled, were counted.

Shallow living contaminants, principally species of Acartia, Pleuromamma,

Clausocalanus, Oithona and Oncaea were also counted. Contamination of deep

plankton samples by shallow living copepods is a common problem, see, for
=xample Grice and Hulsemann (1965, 1967, 1968), Wheeler (1970), Roe (1972} and
darding (1972). Contaminants leak through the closed mouths of the RMT1s,
usually as they are being paid out or recovered through the surface layers. The
level of contamination here was apparently high, ranging from 1-78% (mean 29%)
of the total numbers of copepods caught. These figures are rather misleading
however; in percentage terms a small number of contaminants will be very large

if the number of non-contaminants is very low - as in the deepest hauls here.

The number of copepod carcases was also counted. These comprised moulted
exoskeletons and corpses with advanced degeneration of internal structure.
Individuals were counted as carcases when the cephalothorax musculature (if
present) appeared as undifferenciated, presumably decaying, tissue, and no trace

of the gut remained. Similar Criteria have been used by other authors (Farran


















































































































































































































































































































































































































































































































































































































