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ABSTRACT: Vertical distribution, seasonal and diurnal migrations and seasonal variability in abundance of Parathemisto
gaudichaudi were investigated using the Longhurst Hardy Plankton Recorder (LHPR) for a 4-y period (1971 to 1974} at Ocean
Weather Station (OWS) ‘India’ (59° 00'N 19° 00'W) in the north-east Atlantic Ocean. The results from this programme were
compared with those from the wider geographical coverage of the Continuous Plankton Recorder {(CPR) survey and placed in the
context of an 18-y series of data (1960 to 1977) from the north-east Atlantic Ocean. The results from the CPR survey showed that P.
gaudichaudi was widespread over the northern north Atlantic, being most abundant in the Labrador/Greenland current system
and in the oceanic area to the west of the UK from June to October, while at OWS 'India’ they were most abundant between July
and September. The young juveniles (less than 3 mm in length) accounted for 76 % of the population at OWS ‘India’; they were
found in the surface waters (0-50 m) during both day and night. There were considerable changes in the vertical distributions of
adults by night and day with amplitudes of diurnal migration of 200 m. These migrations would not have been evident if the
population had not been divided into size categories to identify the different behaviour patterns exhibited with age. The
population data suggest a 6- to 8-week generation time from egg to adult (8 mm), allowing 2 weeks from egg laying to liberation
of young from the brood pouch and a further 4 to 6 weeks to grow from 3 mm to an adult with a corresponding weight increase of

120 fold from 0.025 mg (3 mm) to 3.00 mg (8-13 mm).

INTRODUCTION

The principal hyperiids in the plankton of the
North Atlantic Ocean are Parathemisto gaudichaudi
(Guerin), which predominates in the colder oceanic
waters, and P. gracilipes (Norman) over the western
and eastern continental shelves (Stephensen, 1925;
Grice and Hart, 1962); although Sheader and Evans
(1974) consider them to be forms of the same species. P.
gaudichaudi exhibits a wide range of morphological
forms between two extremes, namely P. gaudichaudi f.
compressa and P. gaudichaudi f. bispinosa. It can
moult towards either form, but the factors affecting the
degree of development towards either extreme are not
fully understood (Sheader and Evans, 1974). The geo-
graphical distribution of P. gaudichaudi in the north-
ern hemisphere has been summarised by Bowman
(1960) and Dunbar (1964); Kane {1966) has shown that
it has a circum-polar distribution in the southern
hemisphere in the sub-polar west wind drift waters.
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Because of its abundance in the plankton and
swarming activities (Hardy and Gunther, 1935; Gray
and McHardy, 1967) Parathemisto gaudichaudi pro-
vides a source of food for a number of larger predators.
In the Antarctic Ocean P. gaudichaudi forms the food
of the sei whale (Nemoto and Yoo, 1970}, penguins
(Ealey and Chittleborough, 1956) and seals (Siegfried,
1965); it is eaten by horse mackerel off South Africa
(Siegfried, 1965), cod in the North Sea and North
Atlantic (Brown and Cheng, 1946; Gray and McHardy,
1967) and redfish in the North Atlantic Ocean (Lam-
bert, 1960; Jones, 1970). P. gaudichaudi is a voracious
predator, the gut contents generally reflecting the
composition of the zooplankton (Siegfried, 1965;
Sheader and Evans, 1975); on occasions fish larvae
represented over 20 % of its food in the North Sea
(Sheader and Evans, 1975).

Parathemisto gaudichaudi was one of the species
studied in detail at Ocean Weather Station (OWS)
‘India’ (59° 00'N 19°00'W) from 1971 to 1975 as partof a

0171-8630/81/0004/0289/% 02.00



290 Mar Ecol. Prog. Ser. 4: 289-298, 1981

general study of the plankton ecosystem of the north-
east Atlantic Ocean (Williams and Robinson, 1973;
Williams, 1974; Williams and Hopkins, 1975, 1976:
Williams and Wallace, 1977). This paper aims to
describe the seasonal variability in abundance of P.
gaudichaudi from the 4 years sampling at OWS ‘India’
and to compare the results with those from the wider
geographical coverage of the Continuous Plankton
Recorder (CPR) survey of the North Atlantic Ocean
(Hardy, 1939; Glover, 1967; Edinburgh Oceanographic
Laboratory, 1973).

MATERIALS AND METHODS

The material used in this work was collected from
two sources: (a) the CPR survey of the North Atlantic
Ocean (Colebrook, 1975a, b) and (b) oblique hauls
taken with the Longhurst-Hardy Plankton Recorder
(LHPR) at OWS ’India’ (Fig. 1) from March 1971 to
October 1974.

The LHPR system (Longhurst et al., 1966; Longhurst
and Williams, 1976), with a net and filtering gauze of
280 um nylon mesh, was towed for 1 h in double ob-
lique hauls between the surface and 500 m at a com-
bined towing and hauling speed of 3.7 to 4.6 km h™};
only the ascent samples were used in this study. Plank-
ton samples were collected at 1-min. intervals which,
at the hauling speed of 0.3 m s~ !, gave approximately
one sample every 10 m depth. Temperature, depth and
flow through the mouth of the net were recorded simul-
taneously with each plankton sample. An average of
500 m? of water was filtered during each ascent haul
and the counts of organisms were converted to num-
bers m~? over the depth range sampled.

Hyperiids were extracted from the samples and
specimens of Parathemisto gaudichaudi were iden-
tified and measured (from the anterior part of the head,
excluding the antenna, to the end of the uropods) using
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Fig. 1 Chart of the North Athantic Ocean showing sub-divi-

sion into the ‘standard areas’ used in the Continuous Plankton

Recorder survey. The position of Ocean Weather Station
‘India’ (59°00'N 19°00'W) is shown by a circled star

an eye-piece graticule with grid lines of 0.08 mm. They

were divided into 5 size categories to assess the popu-

lation in terms of dry weight biomass and age:

(1) <3 mm, young juveniles recently released from
the brood pouch and those forcibly extruded from
the brood pouch by the female striking the net;

(2) 3 to < 8 mm (designated juveniles);

(3) 8to < 13 mm;

(4) 13 to < 18 mm;

(5) Z 18 mm.

Categories (3) to (5) were considered to be adult. The
mean dry weight was calculated for each size category

using methods given by Williams and Robins (1979).

RESULTS
Geographical Distribution

The distribution of hyperiid amphipods, from samp-
ling at 10 m by the CPR, in the North Atlantic Ocean
from 1971 to 1974 is shown in Figure 2. The average
monthly abundance for each year is based on sampling
at monthly intervals in rectangles of 1° latitude by 2°
longitude (see Edinburgh Oceanographic Laboratory,
1973). The numerical category levels in Figure 2 are
the same for all years and show annual mean values of
abundance per sample of 3 m® for each grid rectangle.
Some rectangles of the CPR survey area were not
sampled monthly throughout the year. Rectangles
which were only sampled during the winter months
had low annual means but the data can be used to give
an overall picture of geographical distribution and an
indication of areas of high abundance during the
period we sampled at OWS ‘India’. Hyperiids were
widespread over the survey area but most abundant in
the Labrador/Greenland current system and in the
oceanic area to the west of the UK.

Seasonal Variability in Abundance

The mean seasonal variability in abundance of the
hyperiids in the CPR Survey from 1958 to 1977 is given
in Figure 3. The highest numbers were recorded from
June to October with few occurrences at 10 m in the
winter months (December to March). The seasonal
variability in abundance of Parathemisto gaudichaudi
observed during the 4-y study at OWS ‘India’ can be
compared and placed in the context of the long time
series from the CPR in the north-east Atlantic Ocean.
To illustrate this comparison we have selected the data
from an 18-y period (1960 to 1977) from 3 ‘'standard
areas’ (Fig. 1, B6, B5 and C5) used in the CPR survey
closest to the weather station (Fig.4). The monthly
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Fig. 2. Hyperiidea. Annual distribution from sampling at
10 m depth by the Continuous Plankton Recorder. Data for all
months sampled were combined to produce charts showing
the mean abundance in each of the years from 1971 to 1974.
Samples were assigned to rectangles of 1° lat. by 2° long.
Rectangle means are represented by 3 graded symbols and
indicate the following categories of abundance (average
numbers per sample of 3.0 m®: < 1:1-3: > 3. The absence
of symbols (in the sampled area) indicated that hyperiids
were not found in Plankton Recorder samples (see, Edinburgh
Oceanographic Laboratory, 1973). The boundary of the sam-
pled area is shown by straight lines in the chart

temperature data for the 18-y period, in Figure 4, were
derived from data given by Colebrook and Taylor
(1979). Although there were considerable year-to-year
changes in the levels of abundance of the hyperiids,
the seasonal pattern of occurrence was relatively con-

stant between years over the period. In all 3 areas the
hyperiids were more abundant at 10 m from June to
October with peak numbers in August and September
(Fig. 4). The timing of their seasonal occurrence in
‘'standard areas’ B6, B5 and C5 was roughly similar to
the timing of 9° 10 ° and 11 °C temperature contours
respectively.

The seasonal thermal stratification at OWS ‘India’,
1971 to 1974, based on daily bathythermographs,
temperature readings from Nansen water bottle casts
and LHPR thermistor data, were given by Williams et
al. (1973-1976). In all 4 years weak stratification was
first observed in April; by the end of June the 10 °C
isotherm had penetrated down to at least 100 m and
persisted until October (Fig.5). The majority of
juvenile Parathemisto gaudichaudi were found be-
tween the surface and the 10 °C isotherm (Fig. 5b)
while adults were found over a greater depth range
between the 9 °C isotherm and the surface (Fig. 5a).
The numbers and biomass under 1 m? from the surface
to 500 m at 'India’ are given in Figure 6. The numerical
data have been converted to dry weight biomass using
the following mean dry weight values for each of the
following size categories: <3 mm - 0.025mg, 3 to
<8mm - 0.80mg, 8 to <13 mm - 3.00mg, 13 to
<18 mm - 6.30 mg and = 18 mm - 10.00 mg. In 1971
and 1972 the dry weight biomass was concentrated
during August and September whereas in 1973 and
1974 it was distributed over a longer period (July to
September).

Vertical Distribution and Diurnal Migration

Stephensen (1925) recorded Parathemisto
gaudichaudi from the surface to 300 m in the North
Atlantic Ocean while Bigelow (1926} observed the
young near the surface in the Gulf of Maine. Kane
(1966) has shown that the species aggregated closer to
the surface at night and McHardy (1970) found that
hyperiids were much more abundant by night than by
day over the whole of the areas sampled by the CPR
(Fig. 7, from McHardy, 1970). This diurnal migration
was more noticeable during the summer months May
to September (Fig. 8, Table 1). Numbers of hyperiids in
the surface waters (10 m) were highest during August
and September; for night samples the seasonal peak
was in August and for day samples it occurred in
October (Fig. 8).

Table 1 Parathemisto gaudichaudi. Ratio of night/day

densities during 1962-1965

Month: Jan Feb Mar AprMay Jun Jul AugSept Oct Nov Dec
Ratio: 3.5 45 24 40 71 87 57 94 59 33 40 5.0
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Fig. 3. Hyperiidea. Average monthly distribution from sampling at 10 m depth by the Continuous Plankton Recorder for the
period 1958 to 1977 (see legend to Fig. 2). Rectangle means are represented by 3 graded symbols and indicate the following
categories of abundance (average numbers per sample of 3.0 m?): 1.1-<4.3 . 4.3-11.1 - > 11.1 The boundary of the sampled area

Eight oblique hauls, from the 98 LHPR hauls col-
lected at OWS ‘India’, have been used to illustrate the
vertical and diurnal migration of the juveniles and
adults through their reproductive period in the summer
months (Fig. 9). These hauls contained numbers in all
our designated size categories, whereas the majority of
the LHPR hauls were dominated numerically by young
juveniles (Fig. 10). Specimens less than 3 mm had a
vertical distribution which is heavily skewed towards
the surface, both during day and night (Fig. 9) indicat-
ing that the females release their young from the brood
pouch at or near the surface. There was one exception

— (28.8. 72} Figure 9 — where specimens less than
3 mm appeared at 200 m in a daytime haul (09.38 h
GMT). Examination of the size and development of
individuals indicated that they had been prematurely
released from the brood pouch by impact of the ripe
adult female (> 8 mm} with the sampling system. This
artefact also accounted for the deeper distributions of
young juveniles (3 mm) seen in Figure 10. The vertical
distribution of the juveniles in Figures 9 and 10 sup-
ports McHardy's observations from 10m that the
youngest stages stay close to the surface (0-40 m). The
juveniles (3 to < 8 mm) showed some evidence of diur-
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is shown by straight lines in the chart. The absence of symbols in the sampled area indicates that hyperiids were absent or atan
occurrence of < 1.1 per sample per rectangle

nal migrations in the day and night pairs of LHPR
hauls (Fig. 9) although the adults (£ 8 mm) exhibited

the largest diurnal vertical migration of amplitudes in

excess of 200 m into the upper 40 m of the water

column at night (Figs 9 and 10).

DISCUSSION

Throughout the 4-y sampling period (1971 to 1974) at
OWS ‘India’, the results from the oblique hauls showed
that the main concentration of the spring/summer
population of Parathemisto gaudichaudi occurred in

the upper 50 m of the water column; this was most
evident in the case of the young juveniles of less than
3mm in length which invariably constituted the
majority of the developing population (Fig. 10). Com-
bining the data for all 98 LHPR hauls (day, night) from
March 1971 to October 1974, 76 % of the hyperiids
were < 3mm in length. The wvertical distributions
shown in Figures 9 and 10 illustrate that the P.
gaudichaudi — sampled during both day and night, at
10 m, by the Continuous Plankton Recorder — would be
indicative of the population present in the epiplankton
(0—200 m}. The percentages of the population present
in the 0 to 10-m samples (1971 to 1974) were 10.3, 16.6,
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Fig. 4. Seasonal abundance of
Hyperiidea from 1960 to 1977 at a
depth of 10 m in ‘standard areas’
B6, B5 and C5 of the Continuous
Plankton Recorder Survey (see
Fig. 1). The indices of abundance
per sample in each ‘standard area’
were derived by averaging the
means for each month in all the
rectangles (1° X 2° in each stan-
dard area. Contour levels are 0.5,
0.25 and 0.12 per sample of
3.0m® The monthly mean sea
surface temperatures have been
contoured for the 18 years based
on data collated by Colebrook and
Taylor (1979)

Fig. 5. (a) Parathemisto gaudi;
chaudi. Vertical distribution of
adults (Z 8 mm) at Ocean Weath-
er Station ‘India’ (1971 to 1974).
The contour levels of abundance
are 4, 8 and 16 individuals per
10 m®. The 9 °C isotherm is shown
as a dotted line
(b) Parathemisto gaudichaudi.
Vertical distribution of juveniles
(<8mm) from LHPR oblique
hauls at Ocean Weather Station
‘India’ (1971 to 1974) in the north
east Atlantic Ocean. The contour
levels of abundance are 4, 8 and
16 individuals per 10m® The
10 °C isotherm is shown as a dot-
ted line
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Fig. 6. Parathemisto gaudichaudi. Numbers and dry weight
biomass (mg) in the LHPR hauls (0-500 m), 1971 to 1974, at
Ocean Weather Station 'India’ (see Fig. 2)
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Fig. 7. Average densities of the Hyperiidea at 10 m in some
of the 'standard areas’ of the CPR survey (see Fig. 1); x is the
mean number of hyperiids per sample in each standard area
from 1962 to 1965 from samples taken at night (shaded), by
day (unshaded). Data from McHardy 1970 (Ph. D. thesis)

18.4, 10.2 by day and 27.6, 13.6, 42.8, 20.2 by night
respectively (Fig. 10).

The results from both sampling systems, LHPR and
CPR, indicated that maximum numbers occurred from
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Fig. 8. Average monthly densities of Hyperiidea at 10 m in
the ‘standard areas’ of the CPR survey given in Figure 7, in
which x is the mean number per month of hyperiids per
sample in each standard area from 1962 to 1965 from samples
taken at night (shaded), by day (unshaded) and from all
samples (circle). Data from McHardy, 1970 (Ph. D. thesis)

July to September in the north-east Atlantic Ocean.
Bigelow (1926) found the summer months to be the
main breeding period in the Gulf of Maine although he
observed that breeding continued from February to
October. Stephensen (1924) concluded that breeding
continued throughout the year in the Mediterrannean
and the North Atlantic Ocean. At OWS ‘'India’ Para-
themisto gaudichaudi (< 3 mm) were sampled in large
numbers in July of 1971 and 1972 and slightly earlier,
in June of 1973 and 1974. In laboratory experiments at
9 °to 10 °C Sheader (1977) has shown that the duration
of embryonic development of P. gaudichaudi was 13 to
12 d from laying to hatching of the eggs plus a further
3-4 d to moult through the 3 development stages in the
brood pouch prior to liberation. The liberated juveniles
are capable of feeding but still possess yolk reserves
which enable them to survive starvation for up to a
month at temperatures between 7 ©and 10 °C (Sheader,
1977). At OWS ‘India’ juveniles were released in the
upper 30 m at temperatures between 10 ° and 12 °C;
this would result in increased metabolic activity caus-
ing a faster utilisation of their energy reserves. We
estimate the generation time from egg to young adult
(Z 8 mm) to be in the region of 6-8 weeks at OWS
‘India’, allowing 2 weeks from egg-laying to the libera-
tion of young from the brood pouch, and 4-6 weeks to
grow from 3 mm to an 8 mm adult. The corresponding
weight increase from 3 mm (0.025 mg) to an adult of
8-13 mm (3.00 mg) would be 120 fold.
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Fig. 9. Parathemisto gaudichaudi. Vertical distribution of 3 size categories (< 3 : 3—< 8 : = 8 mm) from 4 pairs of day and night

LHPR oblique hauls at Ocean Weather Station 'India’ The numbers in each day (shaded) and night hauls (black] are plotted in

10 m depth intervals, as percentages of the total numbers (n) present in each size category. Two histograms are shown for the day

haul at 09.30 hrs. GMT on 28. 8. 1972, the unshaded histogram includes the large aggregation of juveniles around 200 m and the
shaded histogram excludes this group of individuals

Mating takes place when an appropriate site of
attachment is available; Sheader and Evans (1975)
have shown that Hydromedusae are suitable mating
sites for Parathemisto gaudichaudi and can be used,
also, as food. Aglantha digitale (O. F. Miiller) is the
most abundant species of Hydromedusae in the north-
east Atlantic Ocean accounting for over 80 % by num-
bers and biomass of all coelenterates (R. Williams and
D.V.P. Conway, unpubl.). The period when A. digitale
is most abundant precedes the numerical peak of P.
gaudichaudi by approximately 1 month, roughly cor-
responding to the time required for the embryonic
development and release of the juvenile hyperiids. It
therefore seems likely that this hydromedusa plays an
important role in the development of the hyperiid
population of the north-east Atlantic.

It is necessary to differentiate the Parathemisto
population into size categories in order to show the
different patterns of diurnal migrations which occur in
different age groups. Schulenberger (1978) working
with the 10 most abundant hyperiids in the North
Pacific Central Gyre concluded, after examining the
frequency cumulative percentage curves for similarity
with the Kolmogorov-Smirnov (KS) test (Sokal and
Rohlf, 1969), that only 2 out of the 10 species exhibited
diurnal migrations at the 5 % (P < 0.05) significance

level. When the numbers of all size categories of P.
gaudichaudiin each LHPR haul are summed, the verti-
cal profiles of the total populations are similar to those
of the young stages (< 3 m) — the most abundant size
category. If Schulenberger had separated each of his
species into juveniles and adults we believe that many
more cases of diurnal migrations of limited vertical
amplitude would have been observed. In any case, the
way Schulenberger used the KS test on his data was
incorrect, the test should be carried out on original or
summed frequencies from the hauls, and not on mean
frequency values which could give erroneous results.
In large numbers of plankton species the developmen-
tal stages exhibit different migratory behaviour and
occupy different depths in the water column. This is
clearly shown in differences between the shallower
distribution of juvenile P. gaudichaudi and the deeper
vertical distribution of the older stages.

Adult Parathemisto gaudichaudi, although con-
tributing to a large percentage of the dry weight
biomass of the population, especially in the latter part
of our sampling periods (September/October), are
patchily distributed within the upper 250 m. The large
adults are very active and might be able to avoid a
sampler towed at approximately 4.0 km h~!, so caus-
ing an underestimation of the adult population. From
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1971 to 1974, at OWS ’India’, P. gaudichaudi contri-
buted to 4.3, 2.4, 2.8 and 4.2 % respectively of the total
zooplankton dry weight biomass and 11.9, 11.2, 9.2 and
9.8 % of total planktonic carnivore biomass. The other
carnivorous zooplankton were the copepod Euchaeta
norvegica Boeck, the coelenterate Aglantha digitale,
species of the annelid Tomopteris, the chaetognath
Sagitta maxima {Conant) and larva of the fish
Maurolicus muelleri (Gmelin). P. gaudichaudi feeds
actively on all the younger stages of these organisms,
except Tomopteris spp., which it actively avoids
(Sheader and Evans, 1975). Hyperiids would have a
greater impact on the ecosystem of the north-east
Atlantic than these general integrated values indicate
because their effects would be concentrated in the
summer months in the 0-50 m depth zone when large
populations of Metridia lucens Boeck, Acartia clausi
Giesbrecht, and predators such as chaetognaths are
present with similar vertical distributions.
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