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Seasonal changes in the vertical distribution of mesozooplankton in
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Seasonal changes in the vertical distribution of zooplankton abundance and biomass
are described for a 3000 m water column in the Greenland Sea basin, covering late fall,
winter, spring, early and late summer. Three different distribution strategies,
exemplified by calanoid copepods, are highlighted: (1) Seasonal migrants: herbivorous
species undergoing diapause at great depths and surfacing in summer (Calanus spp.,
Pseudocalanus minutus); (2) mesopelagic residents: omnivores with broadly over-
lapping but stationary depth distribution throughout the year and vertical partitioning
of the water column among the species (Chiridius obtusifrons, Gaidius tenuispinus,
Aetideopsis multiserrata); (3) bathypelagic residents: large omnivorous species with
broadly overlapping but stationary depth distribution throughout the year and vertical
partitioning of the deepest layers (Gaidius brevispinus, Aetideopsis rostrata). No
epipelagic residents appear to have evolved in this open ocean high latitude ecosystem,
underscoring the potential role of deep water as a refuge for plankton in periods of low
or nil surface production.
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Introduction

Calanoid copepods dominate mesozooplankton abun-
dance and biomass in the high Arctic (Longhurst, 1985;
Longhurst ef al., 1989; Hirche and Mumm, 1992), the
subarctic (Smith ez al., 1985; Hirche et al., 1991), and
boreal regions of the Greenland and Norwegian seas
(Wiborg, 1954; Gstvedt, 1955). The bulk is made up of
predominantly herbivorous forms of similar morphol-
ogy but different adult size, namely Calanus hyperboreus,
C. glacialis, C. finmarchicus, and Pseudocalanus spp.
(Fig. 1). The females of these species occupy distinct and
quasi non-overlapping size intervals of >4.5 mm, 3.2
4.5 mm, 2.4-3.2 mm, and <1.4 mm prosome length,
respectively (compiled from Frost (1989), Unstad and
Tande (1991), and Hirche et al. (1994)). This situation is
different from the one encountered in the Antarctic,
where considerable size-overlap occurs between the
dominant calanids Calanoides acutus and Calanus
propinguus (Schnack-Schiel and Hagen, 1994). However,
while morphologically similar, these latter species
display markedly different distribution patterns, feeding
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habits, and lipid storage mechanisms (Hopkins and
Torres, 1989; Hagen et al., 1993; Kattner and Hagen,
1995; Schnack-Schiel and Hagen, 1995). To what extent
differences in size, trophic level, biochemistry, spatial
and temporal distribution are important segregation
mechanisms that allow the co-existence of Arctic
calanoids is virtually unknown.

The present study highlights the vertical and seasonal
distribution patterns of the three reportedly herbivorous
calanoid copepods in the Greenland Sea Gyre (GSG), C.
hyperboreus, C. finmarchicus, and Pseudocalanus minutus
and contrasts them with the distributions of some lesser
known representatives of the omnivorous Aetideidae
Aetideopsis multiserrata, A. rostrata, Chiridius obtusi-
Jfrons, Gaidius brevispinus, and G. tenuispinus.

Material and methods

Zooplankton material for this study was collected on
repeated cruises to the GSG (75°N), covering late fall,
winter, early and late summer of 1988/1989 and spring
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Table 1. Station data for deep multinet hauls in the Greenland Sea Gyre, sampling the depth strata 3000-2000-1500-1000-500—

400-300-200-100-0 m.

RV Cruise Station Position Season Date Depth (m)
“Meteor” 8/1 613 T4°45N 01°04'E Late fall 08 Nov 88 37177
“Meteor” 8/2 653 74°06'N 03°02'W Late fall 27 Nov 88 3655
“Valdivia” 78/1 8 T4°45N 08°01'W Winter 07 Feb 89 3400
“Polarstern” ARK VI/3 91 T4°45N 01°02'E Early summer 15 Jun 89 3770
“Valdivia” 86 177 74°45'N 01°04'E Late summer 18 Aug 89 3780
“Polarstern” ARK IX/1b 61 75°00'N 02°38'W Spring 09 Apr 93 3688

of 1993 (Table 1). All stations were located in the ice-free
and weakly stratified waters centred on Greenland
Basin, where lateral advection is negligible, usually
<1 cm s™! (Visbeck, 1993). Details on the hydrography
of the area are given in GSP Group (1990), Visbeck
(1993), Budéus et al. (1993), and Schott et al. (1993).

Sampling was carried out with a Kiel Multinet
(0.25 m? mouth area, 150 um mesh) equipped with five
nets in two successive vertical hauls covering nine depth
strata from 3000 m to the surface. Sampling intervals
were 3000-2000-1500-1000—500-0 m for the deep hauls
and 500-400-300-200-100-0 m for the shallow casts.
Samples were preserved in 4% borax-buffered for-
maldehyde and sorted in a Bogorov plate. As a rule,
the entire sample was counted for the larger plankton
(>1 mm prosome length), and only occasionally was
the sample split with a Folsom splitter (1: 4 at most) for
enumerating very abundant species or stages. For
Pseudocalanus (<1 mm prosome length) an aliquot
(1:2, 1:4 or 1:10) of the sample was examined after
fractionation with a Folsom or Wiborg splitter.

Based on the abundance data (Richter, 1994),
percentile depths of distribution were calculated and
depicted as box plots, each box encompassing 50% of
total numbers, the whiskers 95% of the population in
question (Figs. 1 and 2). The line within each box gives
the 50-percentile or median depth of occurrence in terms
of abundance (zso depth henceforth), i.e. the depth
separating the upper and lower half of the population in
the water column. Calculations are based on the
assumption of random distribution of individuals within
each sampling interval.

Results

Figure 1 reveals very different distribution patterns for
the main calanoid herbivores in the Greenland Sea. The
largest species, Calanus hyperboreus undergoes pro-
nounced seasonal vertical migrations. The bulk of the
population descends into the bathypelagial (> 1000 m)
during the dark season, attains a residence zs, depth of
about 1500 m by mid-winter, rises in spring, and crowds
into the surface by early summer. The surface period is

fairly short and in late summer the descent to wintering
depths is already underway. Descent and ascent do not
appear to be strictly synchronous for the entire
population, judging by the wide-ranged vertical distribu-
tions during late fall and spring. Narrower vertical
ranges occur at the height of the dark and light seasons in
February and June, respectively, i.e. once the population
has reached its winter and summer residence levels.

The smaller congener C. finmarchicus shows a very
different seasonal distribution. The population is
confined to the epi- and mesopelagial (<1000 m)
throughout the year. Seasonal vertical migrations are
only weak, scarcely exceeding 300 m in terms of the
vertical displacement of the zso depths. The ascent from
the wintering depths appears to occur later than in C.
hyperboreus. In fact, in April there is no sign of a spring
rise, as yet. However, by June the entire population has
moved into the surface layer, where it remains for a brief
period. By August the bulk of the population is on its
way down again.

Pseudocalanus minutus occupies a somewhat inter-
mediate position between the two former species. It
overwinters in the lower mesopelagial, between about
500 and 1000 m. A spring rise is already discernible in
early April but it is not as evident as in C. hyperboreus.
By early summer the entire population has gathered in
the epipelagial. In contrast to the two preceding species,
P. minutus remains at the surface through summer.
From the early November distribution, it can be
deduced that a considerable portion of the population
remains at the surface through the fall. While the ascent
occurs in a relatively narrow band (as compared to C.
hyperboreus), the descent appears to be rather asynchro-
nous for this species, spanning about four months
between the first and last wintering stages, leaving the
surface in August and end-November, respectively.

In contrast to the herbivores, the omni- and
carnivores belonging in the calanoid family Aetideidae
show a vertical distribution that is largely unaffected by
season. Each species occupies a distinct depth stratum
that, in turn, leads to a vertical partitioning of the water
column among the family members (Fig. 2). Chiridius
obtusifrons populates the topmost layer in the upper
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Figure 1. Seasonal vertical migration patterns of the dominant calanoid herbivores, with illustration of females, drawn to the same
scale (after Sars (1903)). Boxes encompass 50%, whiskers 95% of the population in terms of number of individuals (all stages).

Shading illustrates dark and light season.

mesopelagial with zsy depths at 550+200 m. It is
followed by Gaidius tenuispinus in the lower mesopela-
gial (7001300 m). Aetideopsis multiserrata is centred in
the meso-bathypelagic transition zone (1000200 m).
The larger congeners of the two latter species, G.
brevispinus and A. rostrata, inhabit the bathypelagic
zone at 1200+ 200 m and 2200+ 500 m, respectively.
There is some overlap in the distribution ranges of the
named aetideid species and also some smaller scale
features (such as the apparent rise of 4. rostrata in
winter/spring) that cannot be resolved with the wide
sampling intervals employed in the lower reaches of the

bathypelagial. However, the maintenance of a specific
level in the water column over time is a recurrent feature
in all aetideids investigated and, as such, stands in
striking contrast to the changing depth preferences of
the migratory species.

Discussion

The present study confirms previous investigations in
the Norwegian Sea, Greenland Sea, and Arctic Ocean
which show that calanoid copepod species may carry out
considerable seasonal vertical migrations (Semme, 1934;
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Figure 2. Seasonal vertical migration patterns of calanoid omnivores belonging in the family Aetideidae. Boxes encompass 50%,
whiskers 95% of the population in terms of number of individuals (all stages). Shading illustrates dark and light season.

Ostvedt, 1955; Kosobokova, 1982; Hirche, 1991), while
others maintain their vertical position relatively un-
affected over time (@Dstvedt, 1955; Grainger, 1989),
reflecting differences in feeding modes (Raymont,
1983). Indeed, from eight species (out of five genera
and three families) presented, all three seasonally
migrating species are (predominantly) herbivorous
(Marshall and Orr, 1972; Corkett and McLaren, 1978),
whereas all non-migrating ones belong to the omnivor-
ous family Aetideidae (Harding, 1974; Hopkins, 1985,
1987). The question is: How does feeding mode translate
into distribution type? Given the observed variations in
the distribution patterns within the migrant and resident

groups, further questions to be answered relate to the
timing and spatial extent of seasonal vertical migrations
(SVM), and to the nature and consequences of spatial
segregation for non-migrating species. Perhaps a key to
the understanding of seasonal distribution patterns in
the GSG is the observation that none of the calanoid
species remain in the near-surface during the dark
season, raising the question: Why is there a fall
migration at all? This is, of course, equivalent to: Why
are there no epipelagic resident species in the Greenland
Sea Gyre?

Given the limited food resources in high latitude
ecosystems, it is of vital importance for a herbivore to be
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in the right place at the right time. During the short
growing season the right place unquestionably is the
sun-lit surface layer, where high primary production and
heavy grazing enable growth (Legendre et al., 1993),
lipid-accumulation and, eventually, survival during the
dark season (e.g. Kattner and Hagen, 1995). Not
surprisingly, this is the period when highest concentra-
tions of all three herbivorous species occur in the surface
layer (Richter, 1994). It is less obvious, on the other
hand, why the surface should be the “wrong” place to be
during the unproductive season, as again is unanimously
perceived by the GSG herbivores, which all leave the
surface by the end of the growing season (or even in
anticipation of the end, as suggested by the early leave of
Calanus spp.; cf. also Kaartvedt (in press)). One of the
often overlooked facts is that the fall descent is counter
to the positive buoyancy of the early overwintering
stages (Kogeler er al., 1987), which by late July in the
Greenland Sea have grown so fat as to float (Richter,
unpubl. observations). As such, the fall migration is an
active rather than a passive process, requiring an
unknown amount of energy. What then are the gains
to be expected from overwintering at depth? Bioener-
getic advantages (McLaren, 1963) and population
retention mechanisms (Russell, 1927) can be ruled out
because both vertical temperature differences and lateral
advection are negligible in the GSG (Quadfasel and
Meincke, 1987; Visbeck, 1993). Predator avoidance has
become a fashionable explanation for (diel) zooplankton
migrations, especially in response to visual predators
(Gliwicz, 1986; Frost, 1988; Bollens and Frost, 1989a, b,
1991; Bollens et al., 1992) and is likely to play a major
role in determining the overwintering depth of C.
finmarchicus in Norwegian Fjords (Kaartvedt, in press).
However, in the Greenland Sea, sizeable fish stocks are
confined to the frontal areas of the periphery and do not
occur in the centre of the gyre, as well as mesopelagic
fish which seem to avoid waters of negative temperatures
(Sameoto, 1989; Giske and Kaartvedt, pers. comm.). It
is therefore very unlikely that vertebrate predation is a
major factor influencing the vertical distribution of
zooplankton in the GSG.

Invertebrate predation, by contrast, might indeed
have a measurable effect, although it has rarely been
invoked to explain SVM in the sea, to date. One line of
evidence comes from upward-looking Acoustic Doppler
Current Profiler (ADCP) measurements that were
carried out in the same investigation area and period,
showing an almost invariable sound scattering layer
(SSL) of macroplankton-sized acoustic targets in the top
150 m throughout the dark season (Fischer and Visbeck,
1993). The authors speculate that the SSL might be due
to the euphausiid Thysanoessa longicaudata gathering in
its “feeding horizon”, which complies with earlier
observations on the vertical distribution of this
omnivorous species (Mauchline and Fisher, 1969;

Mauchline, 1980). A second likely candidate is the
hyperiid amphipod Themisto spp., as deduced from
incidental catches in mesoplankton samples in the area
(Richter, 1994). Both groups are known to feed on
copepods (Mauchline and Fisher, 1969; Falk-Petersen et
al., 1987), potentially threatening any wintering popula-
tion in their range. The second line of evidence comes
from the discovery in the GSG of a biomass-rich
omnivorous and carnivorous mesozooplankton commu-
nity, located somewhat deeper in the water column
(Richter, 1994). It is made up mainly of chaetognaths
and ostracods which are centred in the mesopelagial
(300800 m). Individuals escaping predation in the
epipelagial thus face continued risk of predation by
large Eukrohnia hamata capable of taking large copepod
prey (Sullivan, 1980; Oresland, 1990), while traversing
the mesopelagial. The bathypelagial, finally, by virtue of
its sparse population and decreasing percentage of
carnivores (Vinogradov, 1970), may be regarded as a
refuge, not only for the wintering herbivore stocks, but
also for the young of some mesopelagic species (e.g., the
ostracod Boroecia borealis; Richter, 1994). Herbivores
undergoing deep vertical migrations are likely to
experience lower mortality than others wintering at
shallower depths, and this indeed appears to be the case
when comparing Calanus spp. and Pseudocalanus
population declines over winter (Richter, 1994).
Mesopelagic Aetideidae, while capable of taking small
copepods in the size range of a wintering Pseudocalanus
(Harding, 1974; Hopkins, 1985) are subject to the same
potential threat of chaetognath predation as migrating
herbivores. However, they occur in low numbers,
thereby reducing encounter probabilities with their
predators. The large bathypelagic representatives of this
group are probably least affected by predating losses.
Moreover, they might take advantage of the seasonal
occurrence of Calanus hyperboreus, which overwinter as
copepodite stage III within their range (Hirche, 1991;
Richter, 1994). This is suggested by the co-occurrence of
Gaidius brevispinus with C. hyperboreus during the dark
season, and by the apparent “inverse” SVM of
Aetideopsis rostrata from the lower into the upper
bathypelagial during the late winter period. However,
the diets of these two species are unknown, let alone
their seasonal variations. Aetideidae appear to be year-
round opportunistic feeders, feeding on a variety of food
items (Hopkins, 1985, and references therein). Lack of
food specialization is believed to have resulted in a
vertical partitioning of the limited resources and in a
stepwise arrangement of species with depth (Raymont,
1983; cf. also Mauchline, 1995), allowing for a large
generic radiation within the Aetideidae (Razouls, 1993).
Their layered occurrence observed during this investiga-
tion confirms previous findings from the Norwegian Sea
(Dstvedt, 1955) and the North Atlantic (Grice and
Hiilsemann, 1965). How these species maintain their
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vertical position within the unstratified waters of the
GSG is one of the mysteries to be unravelled.

Clearly, more work needs to be done to obtain a finer
vertical and temporal resolution of the distribution of
Calanoida in the Greenland Sea, including the deep sea,
which is a likely zone of interaction between resident
and a transient faunas of active and overwintering
species.
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