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Abstract

Abundance indices of zooplankton obtained from offshore plankton surveys carried out in
June–July from 1950 to 1984 off West Greenland were examined for trends and relationships
with sea temperature and salinity. The zooplankton displacement volume and most of the
zooplankton taxa showed higher abundance indices in the generally warmer period 1950–68
compared to the more variable period 1969–84. Sandeel larvae (Ammodytes sp.) were generally
more abundant during cold periods after 1969. Zooplankton displacement volume showed a
positive correlation (r = 0.28) with temperature, whereas correlations of individual zooplankton
taxa with temperature or salinity were weaker. The relationships of zooplankton abundance
indices with temperature suggest changes in zooplankton productivity during 1950–84.

Key words: distribution, fish, ichthyoplankton, Greenland, shrimp, species interactions,
zooplankton

Introduction

In the twentieth century there have been major
changes in the international annual landings of
commercially important fish species in West Greenland
waters (NAFO, 1995, 1998; Anon., 1998a). Histori-
cally, Atlantic cod (Gadus morhua) and redfish
(Sebastes marinus and S. mentella) were the most
important commercial fish species. In the late-1960s
landings of both species declined drastically and have
fluctuated at much lower levels since then. A few strong
cod year-classes in the 1970s and 1980s were of
Icelandic origin (Buch et al., 1994). During the last
two decades Northern shrimp (Pandalus borealis) and
Greenland halibut (Reinhardtius hippoglossoides) have
been the most important fishery resources at West
Greenland with annual landings peaking in 1992 at
87 000 and 30 000 tons, respectively (NAFO, 1998).
The shift in landings composition over the last decades
is assumed to be due mainly to changes in recruitment
patterns driven by changes in oceanographic
characteristics. Investigations of climatic variability off
West Greenland indicate general decreasing trends in
air and seasurface temperatures from the late-1960s
onwards (Stein and Borovkov, 1997), which have been
related to an increasing trend in the North Atlantic
Oscillation index (Buch, MS 1990; Hurrell, 1995;
Buch, MS 1998; Stein, 1998). Recruitment overfishing

2  Retired

has not been described as an important cause of
recruitment variability in West Greenland fish stocks.

Long time-series of plankton samples can be used
to identify patterns of variation in marine systems
(Aebischer et al., 1990; Mackas et al., 1998; Anderson
and Piatt, 1999). Correlations with hydrographic data
may reveal processes underlying the patterns.
Understanding these processes provides building
blocks for better understanding of the dynamics of
marine systems, and thereby for better management of
marine resources (Cushing, 1995a and b). Retro-
spective analyses of time-series of fishery-relevant
environmental data is important for detection and
prediction of climatic changes and their influence on
the living marine resources (Anon., 1998b).

This paper presents data from zooplankton surveys
conducted in West Greenland waters during 1950–84.
The main objectives of the zooplankton investigations
were: 1) to obtain abundance indices of larval Atlantic
cod and other fish species to predict year-class
strengths, 2) to obtain zooplankton abundance indices
as indicators of food availability and quality for larval
fish, 3) to provide a basis for identifying trends over
time in species composition and productivity, 4) to
identify indicator species for different hydrographical
conditions.
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Fig. 2. Map showing the major physiographic features off West Greenland and the location of the
study area and three sampling sections S1, S2 and S3. Dots are positions of sampling stations.
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TABLE 2. List of species identified in the West Greenland zooplankton samples. X indicates group or
species included in the analyses, abbreviations given in parentheses.

    Ctenophora:
Beroe cucumis
Mertensia ovum

    Hydromedusae:
X Aglantha digitale (WAGLA = white form and RAGLA = red form)

Sarsia tubulosa
Sarsia princeps
Euphysa sp.
Bougainvillia superciliaris
Ratkea ocopunctata
Catablema vesicarium
Catablema multicirrata
Halitholus cirratus
Laodicea undulata
Staurophora mertensi
Ptychogena lactea
Halopsis ocellata
Obelia sp.
Aeginopsis laurentii

    Scyphomedusae: (Discarded, not included in plankton displacement volume)
Aurelia aurita
Aurelia limbata
Cyanea capillata
Periphylla periphylla

    Siphonophora:
Physophora hydrostatica
Dimophyes arctica

    Polychaeta:
Tomopteris spp.
Autolytus sp.

    Ostracoda:
Concoecia elegans
Concoecia obtusata

X Copepoda  (COP):
X Calanus hyperboreus (CALHY)
X Calanus finmarchicus (include also C. glacialis) (CALFI)
X Euchaeta (Pareuchaeta) norwegica (EUCH)

Other species in total copepoda:
Pleuromamma robusta
Eucalanus elongatus
Rhincalanus nastutus
Euchirella rostrata
Centropages sp.
Metridia longa
Heterorhabdus norwegicus

X Hyperiidae (HYPER):
Parathemisto abyssorum
Parathemisto gadicaudi
Parathemisto libellula
Hyperoche medusarum
Hyperia galba
Hyperia medusarum
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TABLE 2. (Continued). List of species identified in the West Greenland zooplankton samples. X indi-
cates group or species included in the analyses, abbreviations given in parentheses.

    Gammaridea:
Gammarus wilkitaki and others

X Euphausiacea (EUP):
Thysanoessa longicaudata
Thysanoessa inermis
Thysanoessa raschii
Meganyctiphanes norwegica

    Mysidacea:
Boreomysis nobilis

    Pteropoda:
X Limacina (Spiratella) retroversa (LIMR)
X Limacina (Spiratella) helicina (LIMH)
X Limacina sp. (LIMA)
X Clione limacina (CLIO)

X Chaetognatha (CHAE):
Eukrohnia hamata
Sagitta elegans
Sagitta maxima

Copelata:
Oikopleura spp.
Fritillaria borealis

Decapod crustacean larvae:
X Shrimp (Pandalus sp.), mainly Pandalus borealis (SHR).

Other shrimp larvae: Spirontocaris sp., Sabinea septemcarinata, and Pontophilus
norvegicus.

X Brachyuran zoeae, Hyas sp. and Chionoecetes opilio  (CRAB)

    Gastropoda:
Velutina velutina

    Cephalopoda:
X Gonatus fabricii juv. (GONA)

    Fish eggs and larvae:
X Atlantic cod (Gadus morhua) (COD)
X Greenland halibut (Reinhardtius hippoglossoides) (GHL)
X Redfish (Sebastes sp.) (RED)
X American plaice (Hippoglossiodes platessoides) (PLA)
X Wolffish (Anarhichas sp.) (WOLF)
X Sandeel (Ammodytes sp.) (SAND)
X Capelin (Mallotus villosus) (CAP)

Correlations between temperature, salinity, and
abundance indices of different zooplankton taxa were
investigated using Spearman rank correlations (SAS
CORR procedure; Anon., 1985) using data for
individual stations. One-way ANOVA were used to
examine residuals and test trends in the abundance of
the different zooplankton taxa and covariability with
temperature.

Results

Mean sea temperature and salinity

Residuals and least squares means of multi-way
nonparametric ANOVA showed general trends of
higher mean sea temperatures (MTEMP) during 1952–
66, 1977 and 1979, on section 2, at depth to bottom
between 200–400 m and in July (Fig. 3, Table 3).



53PEDERSEN and SMIDT: Zooplankton in West Greenland

Fig. 3. Mean with standard error (A) sea temperature and (B) salinity of the 10–50 m layer, and (C)
zooplankton displacement volume (ml) [log10(x+1)] in June–July by year and section (see
Appendix 1). Horizontal reference lines indicate long-term mean (1950–84).

Section 1

Section 2

Section 3

1950 52 54 56 58 60 62 64 66 68 70 72 74 76 78 80 82 84

1950 52 54 56 58 60 62 64 66 68 70 72 74 76 78 80 82 84

1950 52 54 56 58 60 62 64 66 68 70 72 74 76 78 80 82 84

5

4

3

2

1

4

3

2

1

33.8

33.6

33.4

33.2

33.0

32.8

32.6

0

T
em

p
er

at
u
re

 (
°C

)
Z

o
o

p
la

n
k

to
n

 a
b

u
n

d
an

ce
 (

v
o

lu
m

e)
S

al
in

it
y
 (

‰
)

A

B

C



54 J. Northw. Atl. Fish. Sci., Vol. 26, 2000

TABLE 3. Results of nonparametric multi-way analysis of variance (ANOVA) of hydrography data and abundance
indices of different zooplankton taxa from individual stations. DF = degrees of freedom. 0.00 = (Pr <0.005).
Abbreviations shown in Table 2.

Source of variation
Year × Year ×

Year Section Depth Month Section Month

Dependent variable=MTEMP Total DF=454 R-square=0.75
DF 31 2 10 1 57 13
F Value 12.41 8.55 9.32 50.34 1.95 2.04
Pr>F 0.00 0.00 0.00 0.00 0.00 0.02

Dependent variable=MSAL Total DF=427 R-square=0.78
DF 29 2 10 1 54 10
F Value 13.52 157.81 8.61 17.51 1.84 1.79
Pr>F 0.00 0.00 0.00 0.00 0.00 0.06

Dependent variable=PLVOL Total DF=531 R-square=0.66
DF 31 2 10 1 58 13
F Value 5.6 13.9 13.06 62.17 1.8 2.59
Pr>F 0.00 0.00 0.00 0.00 0.00 0.00

Dependent variable=AGLA Total DF=270 R-square=0.69
DF 20 2 10 1 28 2
F Value 10.48 11.46 8.52 2.5 0.91 1.38
Pr>F 0.00 0.00 0.00 0.12 0.60 0.26

Dependent variable=COP Total DF=268 R-square=0.58
DF 20 2 10 1 28 2
F Value 5.78 2.57 4.84 2.95 2.27 0.14
Pr>F 0.00 0.08 0.00 0.09 0.00 0.87

Dependent variable=CALFI Total DF=226 R-square=0.56
DF 18 2 10 1 22 2
F Value 4.95 7.42 3.64 1.47 1.73 0.28
Pr>F 0.00 0.00 0.00 0.23 0.03 0.76

Dependent variable=CALHY Total DF=226 R-square=0.60
DF 18 2 10 1 22 2
F Value 7.39 5.14 3.28 2.73 0.78 0.42
Pr>F 0.00 0.01 0.00 0.10 0.75 0.66

Dependent variable=EUCH Total DF=230 R-square=0.54
DF 18 2 10 1 22 2
F Value 4.18 0.77 5.19 1.02 2.51 0.86
Pr>F 0.00 0.47 0.00 0.31 0.00 0.43

Dependent variable=HYPER Total DF=270 R-square=0.50
DF 20 2 10 1 28 2
F Value 4.18 0.5 5.74 0.59 2.5 0.66
Pr>F 0.00 0.61 0.00 0.44 0.00 0.52

Dependent variable=EUP Total DF=269 R-square=0.50
DF 20 2 10 1 28 2
F Value 3.74 1.84 5.42 0.28 1.44 0.52
Pr>F 0.00 0.16 0.00 0.60 0.08 0.60




