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Preparing to sample Zooplankton at the Plym outh L4 
M onitoring site in the English Channel (report site# 29). 
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FOREWORD

Environm ental tim e-series data are essential for 
observing changes in  m arine ecosystem s over 
seasonal, in terannual, and  longer tim e frames. 
These changes m ay be continuous or they  m ay 
occur as sudden  shifts, requiring longer tim e- 
series for b e tte r detection  of trends and  statistical 
com parison. Every year of data added  to a tim e- 
series m akes the entire dataset m ore valuable than  
it w as the year before. As m ore years are added  to 
a tim e-series, the subset of questions th a t can be 
answ ered grows, and  exciting new  questions and 
discoveries often develop. Yet a m ajority of the 
funding  vehicles available for this kind of research 
m ake it extrem ely difficult to fund sam pling for 
m ore th an  three to five years from  a given grant or 
funding  source. For this reason, any long -runn ing  
tim e-series is a true sign of the com m itm ent of the 
scientists and  institu tions involved in  keep ing  such 
an  ongoing program m e funded  and  staffed. W ith 
Zooplankton tim e-series, the level of effort required 
is even greater because, unlike an  au tom ated  buoy 
or conductiv ity -tem peratu re-dep th  (CTD) cast, the 
datapo in ts often represen t hours of laboratory and 
m icroscope work.

Looking beyond the grow ing evidence of w arm ing 
and  acidifying oceans, increases in  the jellyfish 
com ponen t of the p lank ton , and  biogeographic 
shifts in  key food com ponents of the p lank ton  
com m unity, som e of the trends in  this report's 
data collection are less obvious, a lthough  equally 
concerning. For example, m ore th an  30% of the 
featured  tim e-series contain at least one 6 -m onth  
gap in  their sam pling (and a num ber have m ore 
or even larger gaps). Three of the tim e-series in 
the collection have a m ultiyear backlog in  sam ple

processing, w hereas m ore th an  a handfu l of 
p rogram m es have had  to reduce their sam pling 
frequency over tim e (i.e. from m onth ly  to just a few 
tim es a year). Finally, a lthough  no t apparen t from 
any of the datasets, m any of the taxonom ic experts 
are approaching retirem ent age and  there are no 
trained  replacem ents available.

A t a crucial tim e, w hen  w e are seeing substantial 
changes in m arine ecosystem s globally, the 
m onitoring  capability and hu m an  expertise 
needed  to detect these changes is being  reduced, 
w hich in  tu rn  reduces our ability to understand  
the full im pact and  im plications of these changes. 
There is an  im m ediate n eed  to m odify the short­
term  funding  focus and  policies of the various 
governm ent science funding  entities across N orth  
America, Europe, and  the rest of the w orld in order 
to increase these crucial m onito ring  com ponents so 
th a t their capacity to track the status and  health  of 
m arine ecosystem s is no t only continued b u t also 
enhanced.

This report w ould no t be possible w ithou t the hard  
w ork and  contributions of the scientists, institutes, 
and  agencies involved directly and  indirectly in 
these ongoing m onitoring  efforts.

Todd D. O 'Brien 
Peter H. Wiebe 
Steve Eiay
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1. INTRODUCTION
Todd D. O'Brien, Peter H. Wiebe, and Steve Hay

In  its Strategic Plan, ICES recognizes its role 
in  m ak ing  scientific inform ation  accessible to 
the public and  to fishery and  environm ental 
assessm ent groups. D uring  the ICES A nnual 
Science C onference 1999, ICES requested  tha t 
the O ceanography C om m ittee w orking groups 
develop data  products and  sum m aries th a t could 
be provided routinely to the ICES com m unity. The 
W orking G roup on Z ooplankton  Ecology (WGZE) 
has prioritized the production  of a sum m ary report 
on Zooplankton activities in  the ICES Area, based  on 
the tim e-series obtained from  national m onitoring 
program m es.

This is the eigh th  sum m ary report of Zooplankton 
m onitoring  in  the ICES Area. This year's report 
includes seven new  survey sites: one in  the w estern  
N orth  A tlantic (Site 9, B erm uda Atlantic Time- 
series Study, or BATS), tw o in  the Baltic Sea (Site 
19, G ulf of Finland; Site 23, the Baltic Proper), one 
adjacent to the N orth  Sea (Site 28, Loch Ewe), and 
three along the w est Iberian pen insu la  (Site 31, 
Gijon; Site 33, Vigo; Site 34, C ascaisj.T he total site 
count has only increased from  37 to 40 from  the last 
report because four transect-based  sites from the 
previous 2008 report w ere com bined into a single 
site and  sum m ary section (e.g. Svinoy East and 
Svinoy W est are now  sum m arized u nder Svinoy 
transect, Site 13).This report sum m arizes the N orth  
A tlantic Basin and  its m ajor subregions using these 
40 Zooplankton m onito ring  sites (Figure 1.1) as well 
as the 40 C ontinuous P lankton  Recorder (CPR) 
standard  areas (Figure 1.2).

A lthough this report follows previous reports in  its 
general structure and  analysis, new  standardized 
data com ponents and  graphical visualizations have 
b een  added. For example, each site report now  
begins w ith  a standard  figure series dem onstrating  
the seasonal cycles of Zooplankton, chlorophyll, and 
tem perature  at th a t site. M ultivariate figures then  
provide a quick overview of Zooplankton interactions 
and /o r synchrony w ith  o ther co-sam pled biological 
and  hydrographic variables available for the site. 
Finally, a long-term  assessm ent of each m onitoring 
area is m ade using a 100-year record of sea surface 
tem perature  data and  up to 60 years of CPR 
Zooplankton data  (w hen available n ear th a t site). 
The m ethods and  data  sources used for this report 
are sum m arized in  Section 2.

The m onito ring  sites in  th is report represen t a 
broad  range of hydrographic environm ents, ranging 
from  the tem perate latitudes sou th  of Portugal to 
the colder regions n o rth  of Norway, Iceland, and 
C anada (Figure 1.3), and  from  the low er salinity 
w aters of the Baltic to the h igher salinity w aters 
of the M editerranean. Across this b road  range of 
physical conditions, the diversity, abundance, and 
b iom ass of Zooplankton vary betw een  sites and 
years, w ith  clear seasonal and  cyclical patterns, 
ranging from a few  years to decades in duration, 
apparen t at all sites. Tem perature greatly influences 
the com m unity structure and  productivity of 
Zooplankton, causing large seasonal, annual, and 
decadal changes in population  size and  in  species 
com position and  distribution.

This sum m ary report does no t a ttem pt extensive 
synthesis or cross-site com parison of the sites in 
this report. G iven the evidence of ocean climate 
changes and  regim e shifts, as well as the potential 
effects of acidification and  pressures on m arine 
ecosystem s from  fishing, aquaculture, and  offshore 
energy developm ents, it is hoped  that, in  future, 
tim e and  expertise can be harnessed  and  funded 
to provide a m ore com prehensive and  detailed 
analysis and  synthesis. Increasingly, these data 
are incorporated  into m odels and  syntheses of 
ecosystem s at local to basin  scales, providing 
insights, evidence, and ecosystem  perspectives, and 
relating  the im pacts of climate and  o ther factors on 
m arine com m unities. The detailed exam ination of 
individual species is beyond the scope of this report. 
Eiowever, changes in  ocean climate are likely to 
affect som e species m ore th an  others, particularly 
those at the boundaries of their geographic ranges, 
w here they  m ay be m ost susceptible to changes in 
seasonal tem perature, food supply, com petitors, or 
predators. Such species m ay prove to be the best 
indicators of changes in  their environm ent. The 
need  for continuous m onito ring  of m arine p lankton  
at local, regional, and  global scales is becom ing 
increasingly central to our unders tand ing  of m arine 
ecosystem s and  to our advice on the sustainable 
m anagem ent of m arine services and  resources.
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Figure 1.1
Zooplankton monitoring sites 
within the ICES Area plotted 
on a map o f average chlorophyll 
concentration. Only programmes 
summarized in this report are 
indicated on this map (white 
stars). The red boxes outline CPR 
standard areas (see Figure 1.2 
and Section 9).

Figure 1.2
Map o f CPR standard areas in 
the North Atlantic (see Section 9 
for details). Grey dots and lines 
indicate CPR sampling tracks.

Figure 1.3
Zooplankton monitoring sites 
within the ICES Area plotted 
on a map o f average sea surface 
temperature. Only programmes 
summarized in this report are 
indicated on this map (white 
stars). The red boxes outline CPR 
standard areas (see Figure 1.2 
and Section 9).
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2. TIME-SERIES DATA ANALYSIS 
AND VISUALIZATION
Todd D. O'Brien

The C oastal and  O ceanic P lankton  Ecology, 
P roduction  & O bservation D atabase (COPEPOD; 
http://w w w .C O PEPO D .org) is a global database of 
p lank ton  cruise data, tim e-series, and advanced data 
products hosted  by the N ational M arine Fisheries 
Service (NMFS) of the N ational O ceanic and 
A tm ospheric A dm inistration  (NOAA). T hrough its 
scientific collaboration and  data-processing  support 
w ith  groups such as the ICES W orking G roup on 
Z ooplankton  Ecology (WGZE) and  the Scientific 
Com m ittee on O cean Research (SCOR) W orking 
G roup on G lobal C om parisons of Z ooplankton 
Tim e-Series (WG125), COPEPO D  has developed a 
collection of p lankton-tailo red , tim e-series analysis 
and  visualization tools, m any of w hich have been  
used  in  the creation of this and  previous WGZE 
reports (Figure 2.1).

This section describes the tim e-series data- 
analysis m ethods (Section 2.1), the standard  
data-visualization  figures used  th roughou t this 
report (Section 2.2), and  the supplem ental data 
sources (e.g. sea surface tem perature, salinity, and 
chlorophyll) included in  the standard  analyses of 
each m onitoring  site (Section 2.3).

2.1 Time-series data analysis

The W GZE tim e-series analysis com pares 
Zooplankton and  o ther hydrographic variables 
from  a num ber of different variable types, 
m easurem en t units, and  sam pling frequencies (e.g. 
"m illigram s of total Zooplankton biom ass per cubic 
m etre sam pled three tim es a year" vs. "num ber of 
copepods per square m etre sam pled m onthly").
The W GZE analysis m e th o d  uses a un itless ratio 
(or "anom aly") to look at changes in data values 
over tim e relative to the long-term  average (or 
"clim atology") of those data.

Each Zooplankton tim e-series Z(f) is rep resen ted  as 
a series of log-scale anom alies z'(f) relative to the 
long-term  average Z of those data:

z'(f) = log10[Z(f)]Hog10[Z] = log10 [Z{t)/Z\

If a dataseries at a given site is collected consistently 
and  uniform ly for the duration  of a m onitoring  
program m e, the sam pling bias b is rep resen ted  in 
the equation  as follows:

z'(f) = log10[b x z (f)]- lo g 10[£>xz] = log10 \bZ(t)lbZ]

As the sam pling bias (b) is p resen t in b o th  the 
num erato r and  denom inato r of the equation, it is 
cancelled ou t during the calculation. Likewise, the 
m easurem en t un its of the values are also cancelled 
out, creating a unitless ratio (the anomaly):

z'(f) = log10[¿>x Z (f)]-|Og 10[¿>xz] = 

log J b Z ( t) /b Z ]  = log 10[Z(f)/Z]

http://www.COPEPOD.org
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By using unitless anom alies, W GZE can m ake cross­
site com parisons in  the form  "a t Site A, copepod 
abundance doubled  during the sam e tim e interval 
th a t to tal Zooplankton biom ass increased by half at 
Site B".

The W GZE analysis exam ines in te ran n u a l 
variability  and  long-term  trends by looking 
at average annual values th roughou t a tim e- 
series. In m ost regions of the N orth  Atlantic, 
Zooplankton has a strong  seasonal cycle, w ith  
periods of h igh  (usually in  sum m er) and  low  
(usually in w inter) abundance and /o r biom ass. As 
a result of this strong seasonal cycle, calculation 
of a simple annual average of Zooplankton from 
low -frequency or irregular sam pling (e.g. once per 
season, once per year) can be greatly influenced

Figure 2.1
Illustration o f the interactive 
mapping and visualization tools 
used for the creation o f this report 
and as available online at: 
http://WGZE. net'.

by w h en  the sam pling occurs (e.g. during, before, 
or after the sum m er peak). This problem  is further 
com pounded  by m issing m onths or gaps betw een  
sam pling years. The W GZE analysis addresses 
this problem  by using  the m ethod  of M ackas et 
al. (2001), in  w hich the annual value (actually the 
in terannual anom aly) is calculated from  the average 
of individual m on th ly  anom alies w ith in  each given 
year. As this effectively rem oves the seasonal signal 
from  annual calculations, this m ethod  reduces the 
m ajority  of issues caused by using  low -frequency 
and /o r irregular m on th ly  sam pling to calculate 
annual m eans and  anom alies.

http://WGZE
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Figure 2.2
Figure series illustrating the steps 
used in the WGZE analysis for  
creating annual anomalies of 
small copepod abundance from  
the Helgoland Roads time-series 
(Site 26).
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The W GZE analysis involves a series of calculation 
steps (Figure 2.2).

1.The incom ing data (i.e. to tal copepod abundance) 
are b inned  by m on th  over the entire tim e-series. 
D uring this step, the p lank ton  and  nu trien t 
values (but no t tem perature  and  salinity) are log 
transform ed. The average values for each m on th  
of each year of the tim e-series are p lo tted  as small 
b lue dots (Figure 2.2.a). The sam e m onth ly  data 
are show n over the duration  of the tim e-series by 
m o n th  and  by year in  Figure 2.2c.

2. The long-term  average for each m onth , also 
know n as its climatology, is th en  calculated (the 
large open circles in  Figure 2.2b).

3. Each m on th 's  clim atology value (Figure 2.2b) is 
th en  subtracted from each m on th -by -m on th -by - 
year value (e.g. Figure 2.2c) in  order to calculate the 
m o n th -by -m on th -by -year m on th ly  anom aly values 
for the tim e-series (Figure 2.2d). In  th is figure, any 
m o n th  w ith  an anom aly value greater th an  th a t of 
its clim atology is show n in red, indicating a positive 
m on th ly  anomaly. Fikewise, any m on th  w ith  an 
anom aly  value less th an  th a t of its climatology 
is show n in blue, indicating a negative m onthly  
anomaly.

4. A nnual anom alies for all of the years in  the 
tim e-series (Figure 2.2e) are th en  calculated as the 
average of all of the m on th ly  anom alies (Figure 
2.2d) w ith in  each year. A ny years in  the tim e-series 
w ith  no m onth ly  data are indicated  w ith  an  open 
circle (e.g. 2007 and  2008 in Figure 2.2e). M onths 
w ith  no data are left as a b lank  w hite area (see 
Figure 2.2c and  d).

The h ighest positive annual anom aly of small 
copepod abundance (Figure 2.2e) w as in  1985, 
and  the low est negative anom aly  w as in  2006. As 
these anom alies represen t log values, the annual 
average sm all copepod abundance in 1985 w as 
approxim ately threefold h igher th an  the long­
term  average abundance, i.e. log (3.2) = 0.5, and 
approxim ately one-th ird  of the long-term  average 
in  2006. O ver the extended period from 1985 to 
2006, sm all copepod abundance decreased tenfold.
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2.2 Time-series data visualization: 
standard figures

W ith m ore th an  250 different tim e-series variables 
in  the W GZE collection (e.g. w et and  dry mass; 
taxonom ic group counts and  individual genus or 
species counts; surface, a t-dep th , or in tegrated  
tem perature , salinity, and  nutrien ts), draw n from 
Zooplankton m onito ring  sites across the N orth  
A tlantic, one of the biggest challenges in  creating 
th is report w as to find a w ay of quickly represen ting  
these data  in a standard  visual form at. From a 
Zooplankton perspective, these figures need  to 
quickly report the seasonal variability, in terannual 
changes, and  the presence (or absence) of any long­
term  trends. In this year's report, th is w as done using 
three types of figure: the seasonal sum m ary plot 
(Section 2.2.1), the m ultiple-variable com parison 
plot (Section 2.2.2), and  the long-term  com parison 
plot (Section 2.2.3).

2.2.1 Seasonal summary plot

The seasonal sum m ary plo t (see exam ple in 
Figure 2.3) show s the seasonal cycle of the key 
variables (average m onth ly  values of Zooplankton, 
chlorophyll, and  surface tem perature) at a given 
m onito ring  site. For the Zooplankton subplot, the 
prim ary b iom ass or abundance variable from  the 
m on ito ring  site is p lo tted  (typically"total biom ass" 
or "to tal copepod abundance"). For the chlorophyll 
subplot, at-site  collected data (if available) or the 
corresponding G lobC olour dataset (see Section

2.3.2) is p lo tted . For the surface tem perature 
subplot, the  corresponding FladlSST dataset (see 
Section 2.3.1) is plotted.

In each subplot, the  sm all solid dots (not always 
visible in  the surface tem perature subplots) show  
the spread of individual datapo in ts w ith in  tha t 
m onth , and  the large open  circles indicate the 
m onth ly  average of those points. The y-axis value 
ranges for the Zooplankton and  chlorophyll subplots 
are da ta -d ep en d en t and  vary from  plo t to plot. This 
is necessary for b e tte r visualization of the seasonal 
m inim a and  m axim a w ith in  each site. In contrast, 
all of the surface tem perature  subplots have a fixed 
y-axis range of -5  to 30°C in order to illustrate bo th  
seasonal cycle and  average year-round conditions.

The seasonal sum m ary plots in Figure 2.3 allow 
quick com parison of two m onitoring  sites: one 
in the N orth  Sea (Figure 2.3a) and  one in the 
M editerranean  (Figure 2.3b). Both sites exhibit a 
seasonal surface tem perature m axim um  in A ugust 
and  a m in im um  in February-M arch, w ith  surface 
tem peratures consistently  around  10°C cooler in  the 
N orth  Sea th an  in the M editerranean. Z ooplankton 
dem onstrates a la te-sum m er m axim um  at the N orth  
Sea site and  a spring m axim um  at the M editerranean 
site. C hlorophyll follows a sim ilar pa ttern , w ith  
the seasonal chlorophyll m axim um  preceding the 
Z ooplankton m axim um  at bo th  sites. N ote th a t the 
Z ooplankton subplots are no t always quantitatively 
com parable; in  Figure 2.3, for example, the N orth  
Sea data refers to (copepod) abundance, w hereas 
the M editerranean  data refers to b iom ass (total 
sam ple dry w eights).
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Figure 2.3
Two seasonal summary plots 
showing average month-to-month 
Zooplankton, chlorophyll, and 
surface temperature values in the 
North Sea (Stonehaven, Site 27) 
and the eastern Mediterranean 
(Saronikos S l l ,  Site 40).
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2.2.2 Multiple-variable comparison plot

The m ultiple-variable com parison plot (see example 
in  Figure 2.4) provides a seasonal and  in terannual 
com parison of co-sam pled variables w ith in  each 
of the m onitoring  sites, som e of w hich have m ore 
th an  30 variables. A n interactive figure show ing 
all available variables is accessible online via the 
interactive ICES W GZE tim e-series explorer at 
h ttp://w w w .W G Z E .net. For th is p rin ted  publication, 
how ever, only a select num ber of variables are 
show n in this figure because of space lim itations.

In this example, a clear shift in  p lank ton  and 
hydrographic conditions in  the central Baltic Sea 
is quickly apparent. The figure illustrates a m ajor 
abundance reversal be tw een  two copepod species, 
linked to a m ajor shift in  surface salinity th a t can 
be a ttribu ted  to an increase in  tem perature  and  an 
increase in  freshw ater inpu t into the region. (This 
is discussed in greater detail in  the sum m ary for 
the eastern  G otland Basin, Site 22.) The online 
interactive version of this figure (at h ttp ://w w w . 
W GZE.net) includes additional Zooplankton taxa 
and  hydrographic variables.

The subplots on  the rig h t-h an d  side of Figure 2.4 
sum m arize the in terannual pa tterns w ith in  the 
tim e-series, using  annual anom aly  values (see 
Section 2.1 for m ethod  of calculation). Positive 
annual anom alies, indicating  years w ith  an average 
value greater th an  the long-term  average of the 
entire tim e-series, are rep resen ted  by a red bar. 
N egative annual anom alies, indicating  years w ith 
an average value below  the long-term  average of 
the entire tim e-series, are rep resen ted  by a blue bar. 
W ithin a tim e-series, any entire year in  w hich data 
are no t available is indicated w ith  an open circle in 
this plot.

A t a small subset of m onitoring  sites, Zooplankton 
is only sam pled in one m on th  of each year, typically 
during its local peak  biom ass period  in late sp rin g - 
early sum m er. As th is w ould show  up as only a 
single p o in t in  th e  le f t-h a n d  "seasonal"  subp lo t 
and  w ould  no t provide any seasonal inform ation 
for th a t site, only the r igh t-hand  ("in terannual 
com parison") portion  of the m ultiple-variable 
com parison figure is provided in  these cases.

Figure 2.4
Seasonal and interannual 
comparison o f  Pseudocalanus 
acuspes and Temora longicornis 
biomass with surface temperature 
and salinity in the eastern 
Gotland Basin o f the Baltic Sea 
(Site 22).
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2.2.3 Long-term comparison plot

The long-term  com parison plot (see example in 
Figure 2.5) displays a given Zooplankton tim e- 
series on a com m on axis w ith  its corresponding 
100-year H adlSST tem perature  tim e-series and, 
w h en  available, C ontinuous P lankton  Recorder 
(CPR) copepod abundance data from  the nearest 
CPR standard  area. By show ing these longer 
tim e-series data, this plot can often illustrate 
how  recent (shorter term ) w ater tem perature 
or Zooplankton conditions relate to the longer 
tim e-record  for a region. For example, using  the 
available in situ data  from  a 20-year tim e-series of 
Zooplankton (copepod) abundance (Figure 2.5a) 
and  surface tem perature  (Figure 2.5b), a plot of 
annual anom alies dem onstrates large in terannual 
variation in copepod abundance w ith  a slight h in t of 
increasing tem perature  over the sam pling period.

The addition  of the 100-year H adlSST tem perature  
tim e-series (see Section 2.3.1) for this region (Figure 
2.5d) m akes clearer the w arm ing trend  over the 
period of the Zooplankton tim e-series. Further, it is 
evident th a t w ater tem perature  in this region has 
b een  generally w arm ing over the past 100 years and

is currently  at or above the w arm est tem perature 
seen  in the past 100 years (Figure 2.5d, red dashed  
line). Looking at the longer-term  Zooplankton 
record for this region, copepod abundance from 
CPR standard  area E4 (see Section 9) appears to 
be at the bo ttom  of an alm ost 50-year decrease in 
abundance (Figure 2.5c).

C om parisons w ith  adjacent CPR standard  areas, 
how ever, m ust be m ade w ith  caution, because the 
CPR data generally represen t a larger spatial area 
of deeper, open -ocean  w aters. This is in contrast 
to W GZE m onitoring  stations, w hich are typically 
sm aller spatial areas, often located nearshore or 
on  shelf w aters th a t m ay experience local currents, 
upw elling  events, or shelf-w ater mixing. The 
CPR and  local Zooplankton data  m ay no t always 
dem onstrate  synchronous behaviour, bu t the long­
term  trends of the CPR data m ay still be useful 
in characterizing how  the b roader Zooplankton 
populations are faring in the areas su rrounding  a 
sam pling site.
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Figure 2.5
Long-term comparison plot of 
Zooplankton abundance with CPR 
copepod abundance and HadlSST 
sea surface temperatures at the 
Santander (Site 30) monitoring 
site. Sections 9 and 2.3.1, 
respectively, discuss the CPR and 
HadlSST time-series data. The 
red dashed line in (d) marks the 
maximum temperature anomaly 
seen from  1900 to 2008.
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2.3 Time-series supplemental data

W ater tem perature  is an  excellent indicator of 
the physical environm ent in  w hich Zooplankton 
is living because it affects Zooplankton bo th  
directly (i.e. th rough  physiology and  grow th 
rates) and  indirectly (i.e. th rough  w ater colum n 
stratification and  related nu trien t availability). 
Similarly, chlorophyll concentration  is an  excellent 
indicator of the availability of Zooplankton food 
(i.e. phytoplankton). U nfortunately, co-sam pled

tem perature  and  chlorophyll data are no t available at 
every site, and  the lim ited data th a t exist frequently 
differ in  the dep th  and  m ethod  of sam pling (e.g. 
"surface tem perature" vs. " tem perature  at 50 m " 
vs." in teg ra ted  tem perature  from 0 to bo ttom "). In 
order to provide a collection-w ide set of standard- 
m ethod  tem perature  and  chlorophyll data, W GZE 
includes supplem ental tim e-series data  (in addition  
to any available in situ data) w ith  each site. These 
datasets are sum m arized below.

Figure 2.6
Map o f HadlSST sea surface 
temperatures overlaid with
Zooplankton time-series site
locations (white stars) and CPR 
standard areas (red boxes).

0.0 2.5 5.0 7 J 10.0 12.5 15.0 17.5 20.0 22.5 25.0

2.3.1 Sea surface temperature data: 
HadlSST

In order to provide a com m on, long-term  dataset 
of w ater tem peratures for every site in the N orth  
A tlantic study area, the H adley C entre G lobal Sea lee 
Coverage and  Sea Surface Tem perature (HadlSST, 
version 1.1) dataset, produced by the UK M et Office, 
w as used to add  standard  tem perature  data to each 
site (Figure 2.6). The H adlSST is a global dataset 
of m onth ly  SST values from 1870 to present. This 
p roduct com bines historical in situ ship and  buoy 
SST data w ith  m ore recent b ias-ad justed  satellite 
SST and  statistical reconstruction  (in data-sparse 
periods and /o r regions) to create a continuous 
global tim e-series at one-degree spatial resolu tion  
(roughly 100 km  x 100 km ).T he H adlSST data are 
no t in tended  to represen t the exact tem peratures 
in  w hich Zooplankton w ere sam pled, bu t they  do 
provide a >100-year average of the general w ater 
tem peratures in  and  around  the sam pling area.

For each Zooplankton tim e-series, the im m ediately 
overlaying H adlSST one-degree grid cell was 
selected. For single-point Z ooplankton sam pling 
sites (e.g. S tonehaven, P lym outh  L4), this one- 
degree cell included a -100  km  x 100 km  area in 
and  around  the sam pling site. For transects and 
reg ion-based  surveys (e.g. Iceland, Norway, Gulf of 
M aine), the centre po in t of a transect or region was 
used  to select a single one-degree cell to represent 
the general conditions of the entire sam pling area. 
(C om parisons w ith  m ulticell averages revealed no 
substantial differences.) O nce a one-degree cell 
w as selected, all H adlSST tem perature  data were 
extracted from th a t cell for the period 1900-2008 
and  used  to calculate annual anom alies.

The H adlSST v. 1.1 dataset is available online at 
h ttp ://badc.nerc .ac .uk /data/had isst/.

http://badc.nerc.ac.uk/data/hadisst/
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Figure 2.7
Map o f GlobColour chlorophyll 
concentrations overlaid with 
Zooplankton time-series site 
locations (white stars) and CPR 
standard areas (red boxes).
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at a resolution  of 4.63 km, it w as b inned  into a one- 
degree spatial resolu tion  (roughly 100 km  x 100 
km) in order to be com patible w ith  the H adlSST 
dataset. The G lobC olour dataseries w ere assigned 
to corresponding one-degree boxes using  the same 
m ethod  outlined for the H adlSST dataseries (see 
Section 2.3.1).

The G lobC olour Project chlorophyll concentration  
m erged  level-3 dataset (GlobColour) is available 
online at http://w w w .globcolour.info/.

2.3.2 Sea surface chlorophyll data: 
GlobColour

In  order to provide a com m on, long-term  dataset of 
chlorophyll for every site in  the N orth  A tlantic study 
area, the G lobC olour Project chlorophyll m erged 
level-3 ocean colour data  product (GlobColour) 
w as used to add  standard  chlorophyll data to each 
site (Figure 2.7). This product is a global dataset of 
m on th ly  satellite chlorophyll data  from 1998 to the 
p resent. A lthough the original product is available
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Figure 2.8
Seasonal and interannual
variability o f PROBE-Baltic 
model surface salinity data from  
(a) eastern Gotland Basin and (b) 
Arkona Basin.
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2.3.3 Baltic surface salinity data: 
PROBE-Baltic model

Z ooplankton  com position and  biom ass in the 
Baltic Sea are governed heavily by salin ity  which, 
in  turn , is driven by freshw ater input from land  and 
precipitation in  the region, and  from  occasional 
influxes of seaw ater from the N orth  Sea (see Section 
5 for a full discussion and  site-specific examples). 
D espite salinity playing such a large role in  the 
Zooplankton com m unity, in situ co-sam pled salinity 
tim e-series data  w ere no t readily available for any of 
the Baltic Sea Zooplankton tim e-series sites at the 
tim e of this report. Therefore, the WGZE study used 
a tim e-series of surface salinity generated  by the 
PR O gram  for B oundary layers in  the Environm ent 
(PROBE)-Baltic m odel (O m stedt and  Axeli, 2003), 
w hich uses a database of in situ data for initialization 
and  validation of the m odel param eters.

The PROBE-Baltic salinity data consist of m onthly  
m ean  salinity values from 1958 to 2008 (Figure 2.8). 
U nlike the gridded one-degree spatial fields of the 
H adlSST and  G lobC olour datasets, the PROBE- 
Baltic data are spatially divided into the m ajor 
basins of the Baltic Sea (e.g. B othnian Bay, B othnian 
Sea, G ulf of Finland, Gulf of Riga, eastern  G otland 
Basin, no rthw estern  G otland Basin). PROBE-Baltic 
salinity from  the corresponding basin  w as added  to 
each of the Baltic Sea Zooplankton tim e-series sites 
in  Section 5.

A dditional inform ation  on the PROBE-Baltic m odel 
and  data products is available online at h ttp ://w w w . 
oceanclim ate.se/.

R ight. G athering freshly caught plankton from the Plym outh L4 
m onitoring site in the  English Channel (report site #29). Photo by 
C. Halsband-Lenk.

http://www
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3. ZOOPLANKTON OF THE 
WESTERN NORTH ATLANTIC
Peter Wiebe, Erica Head, Jon Hare, Jack Jossi, M ichel Harvey, Pierre Pepin, 
Debbie Steinberg, Jack Jossi, Joe Kane, A n n  Bucklin, Cabel Davis, 
Jeffrey Runge, and Jamie Pierson

The N orthw est A tlantic shelf regions, w here these 
Zooplankton tim e-series sam ples are collected 
(Figure 3.1), are influenced by w ater flowing tow ards 
the equator from  the Arctic via the Labrador Sea/ 
Shelf (Loder et al., 1998). Sea ice is p resen t on 
the L abrador and  N ew foundland shelves and  in 
the Gulf of St Lawrence from late w in ter to early 
spring (D ecem ber-M arch). Since the early 1990s, 
as tem peratures have risen, the duration  and  extent 
of sea ice have decreased (ICES, 2008): in  w in ter 
2008/2009, there w as virtually no ice in  the G ulf of 
St Lawrence (E. H ead, pers. comm .). O n  the shelf, 
cold, relatively fresh w ater flows southw ards from 
the L abrador Shelf to the N ew foundland  Shelf, 
around  the sou thern  tip of N ew foundland, and into 
the Gulf of St Lawrence th rough  the Strait of Belle 
Isle. From the G ulf of St Lawrence, w ater flows out 
th rough  C abot Strait and  southw estw ards along 
the coast of Nova Scotia, w here it mixes w ith  flow 
from the offshore slope w ater in  the central region. 
This mixture flows w estw ards to the Gulf of M aine, 
w here it is joined by inflow  from  the slope w aters 
via the N ortheast C hannel. From the Gulf of M aine, 
w ater flows around  G eorges Bank and  along the 
M id-A tlantic Bight to Cape H atteras.

The changing com position of the w ater along the 
shelf is reflected in  changes in  the Zooplankton 
species com position, w ith  boreal species m ost 
abundan t in the n o rth  and  tem perate species 
m ore im portan t in  the sou th  (H ead and  Sam eoto, 
2007). The Gulf of M aine-G eorges Bank region 
represen ts a sou thern  boundary  for m any boreal 
species and  a no rth ern  limit for som e tem perate 
and  subtropical coastal species, a lthough  this is 
changing w ith  the w arm ing  trend  th a t is becom ing 
evident in  the area. In  the G ulf of M aine, broadscale 
surveys have revealed th a t Zooplankton abundance 
and  biom ass are h igher in  coastal regions and  on 
G eorges Bank th an  in  central deep-w ater areas, 
reflecting differences in  phy top lankton  biom ass 
and  production.

A n increased influx of Arctic freshw ater during 
the early 1990s w as accom panied by increased 
abundance of Arctic Zooplankton species (Calanus 
glacialis, Calanus hyperboreus), first on  the 
N ew foundland  Shelf in  the 1990s and  th en  on the 
Scotian Shelf in the 2000s (H ead and  Sam eoto, 
2007). This increase in  freshw ater inpu t also led to 
increased stratification on the N orthw est A tlantic 
continental shelf and  in  the Gulf of M aine, w hich, in 
turn , led to earlier starting  tim es for spring bloom s 
(Ji et al., 2008). In  the 2000s, salinities increased on 
the N ew foundland  and  Scotian shelves, as did sea
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Figure 3.1
Locations o f the western North 
Atlantic survey areas (Sites 
1-9) plotted on a map o f average 
chlorophyll concentration (see 
Section 2.3.2).

surface tem peratures (SSTs), the ne t effect being 
a slight decrease in stratification. O n  the Scotian 
Shelf and  in  the Gulf of M aine, the increases in 
phytoplankton  b iom ass in  the 1990s w ere associated 
w ith  increases in the abundance of sm all copepods 
and  w ith  changes in  the abundance of larger forms 
(e.g. Calanus finmarchicus; Pershing et al., 2005; 
H ead  and  Sam eoto, 2007). M ost of these changes 
reversed in  the 2000s, a lthough  phytoplankton  
levels did no t decline m uch.

The spring b loom  on  the N ew foundland  Shelf 
generally starts earlier in w arm  years w h en  the 
ice re treat is early (H ead et al., In press). O n  the 
Scotian Shelf, the  b loom  started  particularly early 
in  1999 and  w as associated w ith  early reproduction  
in  C. finmarchicus and  a h igh  level of haddock 
(.Melanogrammus aeglefinus) recru itm ent (Platt et 
al., 2003; H ead  et al., 2005). Bloom intensities on 
the N ew foundland  (Station 27) and  Scotian (HL2) 
shelves w ere unusually  h igh in  2007, bu t re turned  
to average values in  2008 (H arrison et a l,  2009). 
D iatom s dom inate during the spring b loom  on the 
N ew foundland  and  Scotian shelves, and  on the 
Scotian Shelf in  autum n; in  the Bay of Fundy, they 
are dom inan t year-round.

In the Gulf of M aine, conditions in  the past few 
years have re tu rned  to those seen in  the 1980s, 
w ith  a relatively h igh  N orth  A tlantic O scillation 
(NAO) index, low er surface salinities, and  h igher C. 

finmarchicus abundance (A. J.Pershing,pers. comm.). 
However, the NAO index in w in ter 2009/2010 has 
taken  a dram atic negative trend, w hich m ay portend  
m ajor changes in the hydrography and  p lankton  
dynam ics in the Gulf of M aine and  G eorges Bank, 
w ith  a 1- to 2-year tim e-lag  sim ilar to changes 
experienced in  the G ulf of M aine after the 1996 
negative NAO index (G reene and  Pershing, 2003).
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Sites 1-4: NM FS Ecosystem  M onitoring  (northeast U S con tin en ta l sh elf)

Jon H are, Jack Jossi, and  Joe Kane

Figure 3.2
Location o f the NM FS Ecosystem 
Monitoring regions (Sites 1-4) 
plotted on a map o f average 
chlorophyll concentration. Regions 
are determined by biophysical 
properties: M AB = Mid-Atlantic 
Bight, SNE = Southern New  
England, GOM = G ulf o f Maine, 
and GB = Georges Bank.

The N ortheast Fisheries Science C enter (NEFSC) 
of the N ational M arine Fisheries Service (NMFS) 
has a long-stand ing  Ecosystem  M onitoring 
program m e covering m ost of the no rtheast US 
continental shelf. The NEFSC sam pling protocol 
divides the continental shelf into four regions 
(Figure 3.2), based  on  their different physical and 
biological characteristics, and  collects hydrographic 
and  tow  data  using  a random ized  spatial sam pling 
technique th a t sam ples approxim ately 30 stations 
per region per 2 -m o n th  period. D uring these 
surveys, Zooplankton is collected using a bongo net 
(60 cm diam eter, 333 pm  m esh) tow ed obliquely 
from 200 m  (or near the bottom ) to the surface. 
The Zooplankton tim e-series started  in  1977 and 
continues to the present.

A long the no rtheast US continental shelf, prim ary 
production is highest near the shore.The distribution 
of Zooplankton biom ass is similar to th a t of prim ary 
production, w ith  h igh  levels also found during 
sum m er (Figure 3.3). C hanges in  the no rtheast 
US con tinen tal shelf Zooplankton com m unity  
have b een  observed in  all regions, w ith  a generally 
increasing trend  in to tal annual Zooplankton 
biom ass since the early 1980s (Figure 3.4).

C hanges in  species com position  over th is period  
have been  observed in  the adjacent G eorges 
Bank region (Kane, 2007), w ith  sm aller-bodied 
taxa increasing in  abundance in  the 1990s (Figure 
3.5). There is also som e evidence of a shift in 
seasonality  for som e Zooplankton species (e.g. 
Temora longicornis), w ith  the peak  abundance period 
beg inn ing  earlier in  the season and  lasting longer. 
These changes probably occurred in  the M id- 
A tlantic region as well.

L ong-term  SST trends w ith in  each of the regions 
(Figure 3.6) dem onstrate  tha t tem peratures are 
currently at or above the 100-year average, bu t 
low er th an  the 100-year m axim um  seen in  the 
1950s. Since 1960, w ater tem peratures in  the M id- 
A tlantic Bight have rem ained cooler th an  the 1950 
m axim um , bu t have been  slowly increasing tow ards 
this m axim um  in all of the regions (Ecosystem 
A ssessm ent Program , 2009). W ater tem peratures 
are influenced by the influx of cooler, fresher w ater 
from  the north , and  the occurrence of low -salinity 
events has also increased since the early 1990s 
(M ountain, 2004).
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Site 1: M id-Atlantic Highi (MAB)
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Figure 3.3
Seasonal summary plots for 
Zooplankton, chlorophyll, and 
surface temperature in each of 
the NM FS Ecosystem Monitoring 
regions (see Section 2.2.1 for an 
explanation o f this figure).
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Figure 3.4
Seasonal and interannual 
comparison o f select co­
sampled variables across the 
NM FS Ecosystem Monitoring 
regions (see Section 2.2.2 for an 
explanation o f this figure).
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Figure 3.5
Interannual comparison o f five  
dominant copepod species and 
water temperatures sampled at 
Georges Bank.
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Figure 3.6
Long-term comparison o f NMFS  
Ecosystem Monitoring regions 
Zooplankton (total displacement 
volume) with HadlSST sea 
surface temperatures for each 
region (see Section 2.2.3 for an 
explanation o f this figure).
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Site 5: Prince 5 (Bay o f Fundy)

Erica H ead
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Figure 3.7
Location o f the Prince 5 (Site 5) 
survey area and the seasonal 
summary plots for Zooplankton, 
chlorophyll, and surface 
temperature in this area (see 
Section 2.2.1 for an explanation 
o f this figure).

Z ooplankton  are sam pled every 2-4  w eeks at 
Prince 5, w hich is 100 m  deep and  located just 
off C am pobello Island in  the no rthw estern  Bay 
of F undy  approxim ately 6 km  offshore from  St 
A ndrew s, N ew  Brunswick (Figure 3.7). Vertical 
tow s are m ade from near-bo ttom  to surface 
using  a ringnet (75 cm diam eter, 200 pm  m esh). 
A  sm all vessel is u sed  as the sam pling platform . 
C onductiv ity -tem pera tu re-dep th  (CTD) profiles 
are recorded, and  w ater sam ples are collected 
w ith  N iskin bottles for m easuring  phytoplankton, 
nu trien ts, and  extracted chlorophyll. Z ooplankton  
sam ples are split: one half is used for w e t-d ry  w eight 
determ ination  and  the o ther half is subsam pled for 
taxonom ic identification and  enum eration . Biomass 
of the dom inan t groups is also calculated using 
dry w eights and abundance data for the dom inant 
species groups (Calanus, Oithona, Pseudocalanus, 
and  Metridia).

The da ta  are en te red  in to  th e  "B ioC hem " 
da tab ase  at the C anadian  D epartm en t of Fisheries 
and  O ceans (DFO). A  Scientific Advisory Report 
(previously an  Ecosystem  Status Report) on the state 
of phy toplankton  and  Zooplankton in  C anadian  
A tlantic w aters is p repared  every year by the 
C anadian  Science Advisory Secretariat. This report 
is available online at h ttp ://w w w .m eds-sdm m . 
d fo -m p o .g c .c a /c s a s /a p p lic a t io n s /P u b lic a tio n s /  
publicationIndex_e .asp.

M onthly  average abundance of total copepods 
is variable, bu t values are low est during w in ter 
(January-April) and  highest in late sum m er/au tum n

(A ugust-O ctober). A nnual average copepod 
abundance anom alies w ere h ighest in 2001 and 
2006 and low est in  2002 and  2005 (Figure 3.8a). In 
years of low  abundance (i.e. years w ith  negative 
annual abundance anom alies), the  sum m er/au tum n 
period  of h igh abundance w as often w eaker and/or 
of shorter duration.

In  addition  to  copepod abundance, co­
sam pled tim e-series of total Zooplankton w et 
w eight, in tegrated  chlorophyll, and  in tegrated  
tem perature  data are available for the site (Figure 
3.8b-d). A lthough  the seasonal cycles of copepod 
abundance and  to tal w et w eight are similar, the 
annual anom alies of total w et w eight differ slightly 
because of the influence of phytoplankton  bloom s 
on  the m easurem ent. Chlorophyll concentrations 
dem onstrate  a seasonal cycle similar to th a t of 
the copepods, bu t preceding it by one m onth , 
and  the annual chlorophyll concentrations have 
dem onstra ted  a slight dow nw ard trend  over 
tim e. In tegrated  tem perature  sam pled at this site 
and  FiadlSST tem peratures dem onstrate  similar 
in terannual increases and  decreases (Figure 3.8d 
and  e), bu t differ slightly in  their seasonal cycles, 
m ost probably because of the larger spatial area 
rep resen ted  by the FiadlSST data.

The SST values are at the h igh  end  of an 
approxim ately 50-year m ultidecadal trend  (Figure 
3.9). W ithin this region, w ater tem peratures are 
often correlated w ith  the state of the NAO. A t this 
tim e, any relationship betw een  w ater tem perature 
and  Zooplankton abundance is inconclusive.
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Figure 3.8
Seasonal and interannual 
comparison o f select co-sampled 
variables at Prince 5 (see Section 
2.2.2 for an explanation o f this 
figure).
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Site 6: H alifax Line 2 (Scotian Shelf)

Erica H ead
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Figure 3.10
Location o f the Halifax Line 
2 (Site 6) survey area and the 
seasonal summary plots for 
Zooplankton, chlorophyll, and 
surface temperature in this 
area (see Section 2.2.1 for an 
explanation o f this figure).

Z ooplankton  are sam pled every 2-4 w eeks at Station 
2 of the Halifax Line (HF2), w hich is 150 m  deep and 
located approxim ately 12 km  offshore from Halifax, 
on the inshore edge of Em erald Basin (Figure 3.10). 
Vertical tow s are m ade from  near-bo ttom  to surface 
using  a ringnet (75 cm diam eter, 200 pm  m esh). 
Research ships, trawlers, and  sm all vessels are used 
as sam pling platform s. CTD profiles are recorded, 
and  w ater sam ples are collected w ith  N iskin bottles 
for the m easurem en t of phytoplankton, nutrients, 
and  extracted chlorophyll. Chlorophyll and nu trien t 
concentrations are m easured  for individual depths, 
w hereas subsam ples from each d ep th  are com bined 
to give an  in tegrated  sam ple for phytop lank ton  cell 
counting. Z ooplankton  sam ples are split: one-half 
is u sed  for w e t-d ry  w eight determ ination  and  the 
o ther half is subsam pled for taxonom ic identification 
and  enum eration . Biomass of the dom inan t groups 
is calculated using  dry w eights and  abundance data 
for various groupings.

The data are en tered  into the "B ioChem " database 
at the DFO. A  Scientific Advisory R eport (previously 
an Ecosystem  Status Report) on the state of 
phytoplankton  and  Zooplankton in  C anadian  
A tlantic w aters is p repared  every year by the 
C anadian  Science Advisory Secretariat. This report 
is available online at h ttp ://w w w .m eds-sdm m . 
d fo -m p o .g c .c a /c s a s /a p p lic a t io n s /P u b lic a tio n s /  
publicationIndex_e .asp.

M onthly  average abundance of total copepods 
is variable at HL2, bu t dem onstrates m inim a 
in  February and  Septem ber. A nnual average 
abundance anom alies w ere h ighest in  1999 and

2000 and  low est in  2002 and  2007 (Figure 3.11a), 
suggesting  an  overall dow nw ard trend. In addition  
to copepod abundance, co-sam pled tim e-series 
of total Zooplankton w et w eight, in tegrated  
chlorophyll, and  in tegrated  tem perature  data  were 
available for the site (Figure 3.11b-d). A lthough the 
seasonal cycles of copepod abundance and  total w et 
w eigh t are similar, the  annual anom alies of total 
w et w eigh t differ slightly because of the influence 
of phytoplankton  bloom s on the m easurem ent. 
Chlorophyll concentrations dem onstrate  a seasonal 
cycle sim ilar to th a t of the copepods. hike Prince 5, 
the annual chlorophyll concentrations dem onstrate 
a slight dow nw ard trend  over tim e, th o u g h t to be 
caused by a decline in  d iatom  abundance (Fi et al., 
2006). In tegrated  tem perature  sam pled at the site 
and  H adlSST tem peratures dem onstrate  similar 
in terannual increases and  decreases (Figure 3.l i d  
and  e), bu t differ slightly in  their seasonal cycles, 
m ost probably attributable to the larger spatial area 
rep resen ted  by the H adlSST data.

The CPR standard  area closest to HF2 is E10 (Figure
1.2). C opepod abundance from the CPR corresponds 
neatly  w ith  the HF2 copepod abundance (Figure 
3.12), w hereas differences betw een  CPR copepod 
abundance and  H F2 w et w eight are probably 
caused by con tam ination  w ith  phytop lank ton  in  the 
w et-m ass m easurem ent. The SST values are at the 
h igh  end  of an approxim ately 50-year, m ultidecadal 
trend  (Figure 3.12). In general, w ater tem perature  is 
often correlated w ith  the state of the NAO. A t this 
tim e, any relationship betw een  w ater tem perature 
and  Zooplankton abundance is inconclusive.
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Figure 3.11
Seasonal and interannual 
comparison o f select co-sampled 
variables at Halifax Line 2 (see 
Section 2.2.2 for an explanation 
o f this figure).
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Figure 3.12
Long-term comparison o f Halifax 
Line 2 copepod abundance 
and wet weight with copepod 
abundance in CPR standard area 
E10 and HadlSST sea surface 
temperatures for the region (see 
Section 2.2.3 for an explanation 
o f this figure).
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Site 7: Anticosti Gyre and Gaspé Current (Gulf of St Lawrence)

M ich e l H a rvey

Figure 3.13
Location o f the Anticosti Gyre 
and Gaspé Current (Site 7) survey 
areas plotted on a map o f average 
chlorophyll concentration (see 
Section 2.2.1 for an explanation
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The A tlantic Zone M onitoring Program m e (AZMP) 
w as im plem ented  in  1998 to collect and  analyse the 
biological, chemical, and  physical field data  necessary 
to (i) characterize and  u nders tand  the causes of 
oceanic variability at the seasonal, in terannual, and 
decadal scales; (ii) provide m ultidisciplinary datasets 
th a t can be used to establish relationships am ong 
the biological, chemical, and physical variables; and 
(iii) provide adequate data to support the sound 
developm ent of ocean activities. The key elem ent 
of AZM P sam pling strategy is oceanographic 
sam pling at fixed stations and  along sections. Fixed 
stations are occupied approxim ately every 2 weeks, 
conditions perm itting, and sections are sam pled in 
June and  N ovem ber. Z ooplankton  is sam pled from 
the bo ttom  to the surface w ith  a ringnet (75 cm 
diam eter, 200 pm  m esh). CTD profiles are recorded, 
and  sam ples for phytoplankton, nutrients, and 
extracted chlorophyll are collected using N iskin 
bottles at fixed depths. Sam ples are com bined to 
give an in tegrated  sam ple.

A n ecosystem  status report on the state of 
phytoplankton  and Zooplankton is p repared  every 
year.

This report is available online at h ttp ://w w w . 
m e d s -s d m m .d fo -m p o .g c .c a /c s a s /a p p lic a tio n s /  
Publications/publicationIndex_e.asp.

D ata p resen ted  in  this report are from two sam pling 
stations in  the northw est Gulf of St Lawrence (GSL) : 
the A nticosti Gyre (AG) and  the G aspé C urrent 
(GC), w hich  together com prise Site 7 (Figure 3.13). 
The GSL is a coastal m arine environm ent w ith  a 
particularly h igh Zooplankton biom ass, relative 
to o ther coastal areas, w hich  is dom inated  by 
Calanus species (de Lafontaine et al., 1991). A nnual 
anom alies of Zooplankton b iom ass and  abundance 
indicate that, in 2007-2008, b iom ass w as slightly 
below  norm al at AG (Figure 13.15a a n d b ) and  low er 
th an  norm al at GC (Figure 3.15e and f), w hereas 
abundance at b o th  sites w as norm al in  2007 and 
m uch  higher th an  norm al in  2008. H ierarchical 
com m unity  analysis revealed that, numerically, 
copepods continued to dom inate the Zooplankton 
year-round at b o th  fixed stations in  2007-2008, 
except for a pulse of larvaceans th a t w as observed 
during sum m er 2007 at AG and  GC. There w as no 
apparen t change in  copepod com m unity  structure 
in  2007-2008 at e ither station  (Harvey and  Devine, 
2009).
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Z ooplankton  abundance and  biom ass do no t follow 
the sam e seasonal cycle or in terannual pa tterns as 
chlorophyll (Figures 3.14 and  3.15). For example, 
the Zooplankton m inim um  observed at AG in 2001 
corresponded to a chlorophyll a peak (Figure 3.15b 
and  c), w hereas the Zooplankton peak at GC in 2003 
corresponded to a chlorophyll a m in im um  (Figure 
3.15f and  g). This absence of correlation betw een  
Zooplankton and  algal b iom ass has b een  observed 
in  the GSL (de Lafontaine et al., 1991; Roy et al., 
2000) and  w as attribu ted  to the com plex estuarine 
circulation p a tte rn  observed at GC and  AG.

A nnual cycles of sea surface tem perature  at bo th  
sites are similar, w ith  values below  0°C in w in ter 
and  peaks above 14°C during sum m er (Figure 3.15d 
and  h). L ong-term  tem peratures in the region reveal 
th a t tem peratures are currently  at the h igh end 
of an  approxim ately 50-year m ultidecadal trend. 
Tem perature has b een  near, or even above, the 
100-year m axim um  (Figure 3.16c and  f, red dashed 
line) since 1998. The exact effects of these h igh 
tem peratures are no t fully understood , a lthough 
to tal Zooplankton abundance at b o th  regions 
(Figure 3.16b and  e) is currently increasing w ith  
increasing tem perature at AG and  GC.

Figure 3.14
Seasonal summary plots for  
Zooplankton, chlorophyll, and 
surface temperature at the 
Anticosti Gyre and Gaspé 
Current sites (see Section 2.2.1 
for an explanation o f this figure).
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Figure 3.15
Seasonal summary plots for 
Zooplankton, chlorophyll, and 
surface temperature at the 
Anticosti Gyre and Gaspé 
Current sites (see Section 2.2.1 
for an explanation o f this figure).
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Figure 3.16
Long-term comparison of 
Anticosti Gyre and Gaspé 
Current Zooplankton wet mass 
and abundance with HadlSST 
sea surface temperatures for the 
region (see Section 2.2.3 for an 
explanation o f this figure).
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Site 8: Station 27 (Newfoundland Shelf)

Pierre P epin
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Figure 3.17
Location o f  Station 27 (Site 8) 
and the seasonal summary plots 
for Zooplankton, chlorophyll, 
and surface temperature in this 
area (see Section 2.2.1 for an 
explanation o f this figure).
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Z ooplankton  is sam pled every 2-4  w eeks (if 
possible) from  research vessels, using a ringnet (75 
cm diam eter, 200 pm  m esh) from a fixed site (Station 
27), and  seasonally from  a num ber of stations on 
a series of transects runn ing  perpendicular to the 
coast of N ew foundland  across the N ew foundland 
and  Labrador shelves and  the G rand  Banks. The 
m ost frequently  sam pled station, S tation 27, is 
located 5 nautical m iles east of St John 's harbour, 
on the no rthw estern  edge of the G rand Banks, at 
a d ep th  of 170 m  (Figure 3.17). CTD profiles are 
recorded, and  sam ples for phytoplankton, nutrients, 
and  extracted chlorophyll are collected using  N iskin 
bottles at fixed depths. Subsam ples are com bined to 
give an in tegrated  sam ple.

Z ooplankton  sam ples are split: one half is used for 
w e t-d ry  w eight determ ination , and  the o ther half is 
subsam pled to give at least 200 organism s, w hich 
are identified to genus or species and  counted. 
A no ther subsam ple is taken  contain ing at least 100 
Calanus spp., w hich are identified to species and 
stage and  th en  counted. Biom asses of the dom inant 
groups are calculated using  average dry w eights of 
various groupings (Calanus, Oithona, Pseudocalanus, 
and  Metridia) and  abundance data.

Total copepod biom ass is lim ited in  seasonal 
variability (Figure 3.18a) but, overall, tends to 
be h igher in  au tum n  th an  in  w in ter or spring. 
In terannual variations in  total copepod biom ass 
ten d  to m irror th a t of large copepods (Figure 3.18b), 
w hich dom inate  the com m unity in  w eight, bu t no t 
in  num bers. Large copepods are m ost abundan t 
follow ing a spring phytoplankton  bloom , reflecting 
the production  cycle of nauplii and  copepodites of 
the dom inan t Calanus species, w hereas the biom ass

of sm all copepods peaks in  late au tum n (Figure 
3.18c) as a result of large num bers of Oithona spp. 
Overall, there are greater in terannual variations in 
the b iom ass of large copepods relative to sm aller 
species.

The seasonal cycle in local tem peratures differs 
m arkedly  from the H adlSST tem peratures, a lthough 
the general p a tte rn  in in terannual variability is 
sim ilar (Figure 3.18e and  f).T he differences reflect 
the w ide area of the continental shelf represen ted  
in the H adlSST estim ates relative to the m ore 
local m easurem ents taken  at S tation  27, w hich is 
located in  the inshore arm  of the L abrador C urrent. 
Sim ilarities in  in terannual variations are the result 
of large decorrelation scales for SST anom alies in 
the region (O uellet et al., 2003).

In terannual variations in  the abundance andbiom ass 
of copepods correspond well w ith  the nearest CPR 
standard  area (E9), bu t the long-term  p a tte rn  in 
variation dem onstrates no clear relationship w ith  
tem perature  anom alies in  the region (Figure 3.19). 
Overall, the  abundance of copepods at S tation  27 
increased in  2007, follow ing 3 -4  years w ith  low 
abundance indices, b u t re tu rned  to low  levels in 
2008.

A m ore detailed report on the ecosystem  status of 
chem ical and  biological oceanographic conditions in 
the N ew foundland  and  Labrador region (C anadian 
A tlantic w aters) is p repared  every year as a Science 
Advisory R eport by the C anadian  Science Advisory 
Secretariat (CSAS). This report is available online 
at h ttp ://w w w .m eds-sdm m .dfo-m po.gc.ca/csas/ 
applications/Publications/publicationindex_e.asp.
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Figure 3.18
Seasonal and interannual 
comparison o f select co-sampled 
variables at Station 27 (see 
Section 2.2.2 for an explanation 
o f this figure).

>i. Total C o p e p o d  B iom ass (g n r : ) 

o  ¿  O .  ' I , - ' ,

r o.» 

mai 

-u.U

?  * 
E 1i

1 2  3 9 S b ?  tí 9  10 IL 12 t« t )  lu w  

b. L arge C o p ep o d  Biom ass (g m '1)

O o O O ^ È Ô O ^ C

i97u I9S0 ]<*9Ü 2Q0Û aim

J

1950 1900 l<KT 1980
’ —

¡990

D.50 

0.00 

-0.50
M l 20m

I '

c. Sm all C o p e p o d  B iom ass (g m  J)
0.50 

Ü.OÜ 

1- -0.50
I 2 3 1 S Í  7 Í  »  w n t t 19S) L9eo 1070 i ™ 1990 2000 2010

E
E
£.
E

d. In teg ra ted  C h lo ro p h y ll (m g n r -  at <}-1 (Ki m )

O 0  ^  Ù <i> Q O 0  <¡) <ÿ

----------
I 2,1 i  5 4 7 i  *  101112 1 9 U  15KÍU l*J7o 

f. Integrated Tempera hj re (C a t B-SO m)

l<wn ¡9911 amo

^ O f l O Í 1
  :---------T

TI
I 2 1 1  5 6 7 M 5 1011 12 19» [900 19711 19*11

—r—
1990 2000

f, HadlSST (d a te -m atched)

■
. 0  
o
i—:—;—:—;—:—■—-  

I 1 3  4 5 ti 7  í  9 1011 l í

HU 

o.OO

n «- -o.u 
2om

1.00 
t -  0.50

ooo 
- q . u  

n *- -i.oo 
2010

r  1 «
ü .u  
0.00 

-0.50 
*- -lflO

LuU LOM) 1970 I9S0 1990 : oüo 2010 T
em

pé
ra

tu
re

 
A

no
m

al
y 

T
cm

pc
ri

ln
rc

 
A

iw
m

nl
y 

C
hl

w
O

ph
ÿB

 
A

no
m

lly
 

St
on

tâ
» 

A
no

m
ftl

y 
B

io
m

as
s 

A 
no

 m 
.il 

y 
Sr

om
n«

 
A

iw
rn

al
y



fB
'm

pe
rn

iu
rv

 
A

n
ra

n
.i

ly
 

A
b

u
n

d
a

n
ce

 
An

om
.iK

 
, 

. 
. 

Bu
wt

va
k* 

A
n

u
n

u
ly

ICES Z ooplankton  S tatus Report 2008/2009

a »  i 

0.00 

- 0 3 Q

1 "tiül Cthptípüd Bun™ « (g m '=)

J_

:

«150
(Mii

- A M

I 9 U0  1910 192 0  1930 1 1 9 5 0  

b. Total Copepod Abundance (N ni"?)

1 1
I 9 60 L97Ü

— 1--------- ■--------- 1--------- 1--------- a--------- ---------- '
1980 1990 2Q 0ÍI  2 D I 0

. M V , \

1900 1930 1920 1930 l + W  1950 

c .  CÏ^K-E^Copçpod Abundance (N rrC3}

3960 1970 I 9 6 0  1990 2 0 0 0  2010

-

*  | * |  11 1 T  *  I j *

P '  ! ' 1 * I 1 ~ ' 1 
I 9 UÜ 1910  192 0  1930 W  1 9 »

d .  H a d l S S T  ( 1 9 Û0 - 2 Ü 0 8 )

I 9 6 0 1970
í  1 i ' l l  

W !  1990 2Ü 0Ü 2 0 (0

J ïu  JÏL,j i n i ï h  J m rJLlfh
i r *  ■ | | | r i | i | | i , n  i  ■ - * " 1 *

1*  ! ■ ■ ■ " ft

Figure 3.19
L ong-term  com parison  o f  
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Site 9: BATS (Sargasso Sea)

Debbie S teinberg

Figure 3.20
Location o f the BATS (Site 9) 
survey area and the seasonal 
summary plots for Zooplankton, 
chlorophyll, and surface 
temperature in this area (see 
Section 2.2.1 for an explanation 
o f this figure).
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The B erm uda A tlantic Tim e-series Study (BATS) site 
is located in  the Sargasso Sea at 31°50'N  64°10'W  
(Figure 3.20) and  is m onito red  by the B erm uda 
Institu te of O cean Sciences (BIOS). Z ooplankton  is 
collected at least once a m on th  w ith  a ringnet (100 
cm diam eter, 202 pm  m esh). Two replicate oblique 
tow s are m ade during  the day (betw een 09:00 
and 15:00) and  n igh t (betw een 20:00 and  02:00) 
to a dep th  of approxim ately 200 m. N ight-tim e 
b iom ass values on average are 1 .7-3.4-fold h igher 
than  daytim e biom ass, indicating the im portance 
of diel m igrators at the site (M adin et al., 2001). 
Pleuromamma spp. copepods and  the euphausiid  
Thysanopoda aequalis accounted for up to 70% of 
the n igh t-on ly  b iom ass (Steinberg et al., 2000).

There is a lim ited seasonal variability w ith in  the BATS 
Zooplankton biom ass (Figure 3.21a and  b), w ith  a 
relatively small M arch-A pril m axim um  th a t follows 
the spring chlorophyll m axim um  (Figure 3.21c). O n 
an annual basis, Zooplankton biom ass increased 
from the m id-1990s to the m id-2000s and  m ay now  
be decreasing in  w hat appears to be a decadal cycle. 
L ong-term  tem peratures in the region are currently 
at the h igh end  of an approxim ately 50-year 
m ultidecadal trend  (Figure 3.22). Any relationship 
betw een  Zooplankton b iom ass and  long-term  
tem perature  is inconclusive at this time.
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Figure 3.21
Seasonal and interannual 
comparison o f select co-sampled 
variables at BATS (see Section 
2.2.2 for an explanation o f this 
figure).
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4. ZOOPLANKTON OF THE 
NORDIC AND BARENTS SEAS
Astthor Gislason, W eb)0m Melle, Cecilie Broms, Sigrún Jónasdóttir, 
and Hogni Debes

The N ordic and  Barents seas (Figure 4.1) are 
influenced by w arm  saline A tlantic w ater entering  
from the sou th  as the N orth  A tlantic C urrent. O ne 
branch  flows w est along the sou th  coast of Iceland, 
n o rth  along the w est coast, th en  splits into two 
com ponents at the G reen land-Iceland  Ridge. The 
larger com ponent tu rns w est into the Irm inger Sea, 
w hereas the sm aller one continues n o rth  of Iceland. 
A tlantic w ater also enters the N orw egian Sea on 
bo th  sides of the Faroe Islands. This w ater flows 
n o rth  along the N orw egian coast as the N orw egian 
Atlantic C urrent, past the Svalbard islands, and  into 
the Arctic O cean. B etw een Bear Island (south of 
Svalbard) and  the no rth  coast of Norway, a b ranch 
of the A tlantic C urrent flows into the Barents Sea.

Cold, low er salinity w ater enters the Nordic 
and  B arents seas from  the Arctic O cean. In  the 
G reen land  Sea, Arctic w ater flows sou th  into the 
Iceland Sea as the East G reenland C urrent. N orth  
of Iceland, part of th is current tu rns east, mixes w ith  
A tlantic w ater, and  enters the N orw egian Sea as 
the East Icelandic C urrent. Arctic w ater enters the 
B arents Sea in  the no rtheast and  flows w est no rth  
of the Polar front. Fresh, low er salinity coastal w ater 
flows along the N orw egian coast. The deep ocean 
basins adjoining the coastal areas are subject to 
intensive w in ter cooling and  deep convection. D eep 
re tu rn  currents carry the convected w ater back into 
the deep basins of the N orth  Atlantic.

The populations of Zooplankton are dom inated  by 
arctic-boreal species, and there is a typical seasonal 
cycle of prim ary and  secondary production, 
beg inn ing  w ith  a spring b loom  th a t is triggered 
by increasing light and  w ater-colum n stabilization 
th rough  stratification. In som e places, a secondary 
au tum n peak in production  accom panies the onset 
of the breakdow n in sum m er stratification and
increasing inorganic nutrients.
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Figure 4.1
Locations o f Nordic and Barents 
seas survey areas (Sites 10-15) 
plotted on a map o f average 
chlorophyll concentration (see 
Section 2.3.2).

Four species of Calanus are am ong the dom inant 
m esozooplankton  species of the region. C. 
finmarchicus is an A tlantic species, overw intering in 
the deep basins, ascending in  late w in ter and  spring, 
and  advected onto the shelf areas. C. finmarchicus 
has a 1-year life cycle, and  its m ain  spaw ning is 
linked to the phy toplankton  bloom . The m ain  
hab ita t of C. hyperboreus is the Arctic w ater of the 
deep G reenland Sea, and  it has a life cycle of two 
years or longer. It reproduces in  deep w ater during 
w inter, and  juvenile stages ascend to the surface

layer during spring. C. glacialis is regarded as an 
Arctic shelf species, has a 2-year life cycle and 
reproduces during the phytoplankton  bloom . C. 
helgolandicus has the sou thernm ost d istribution  of 
the four species. It is m ainly a shelf species found 
in the sou thern  parts of the N orw egian Sea. It has 
a 1-year life cycle, reproduces in  autum n, and  does 
no t seem  to have a typical dorm ant period.
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Sites 10-11: Selvogsbanki and Siglunes transects (Iceland)

A s tth o r  G islason

Figure 4.2
Location o f the Selvogsbanki 
(Site 10) and Siglunes (Site 11) 
transects plotted on a map of 
average chlorophyll concentration 
(see Section 2.2.1 for an 
explanation o f this figure).

The Icelandic m onito ring  program m e for 
Zooplankton consists of a series of transects 
perpendicular to the coastline. Sam pling at stations 
along the transects to the n o rth  and  east of Iceland 
w as started  in  the 1960s. A dditional section lines 
to the sou th  and  w est w ere added in the 1970s. 
Currently, there are approxim ately 90 stations. 
Z ooplankton  investigations are carried out at 
these stations every year in  M ay and  June. In this 
sum m ary  long-term  changes in  Zooplankton 
b iom ass are exam ined at the Selvogsbanki (Figure 
4.2, Site 10) and  Siglunes transects (Figure 4.2, Site 
11). Values for Selvogsbanki are calculated from an 
average of five stations, w hereas values for Siglunes 
are from  an average of eight stations.

At Selvogsbanki, Zooplankton biom ass exhibited a 
low  during  the late 1980s, w hereas a m axim um  was 
observed during the m id-1990s (Figure 4.4a). The 
period betw een  Zooplankton peaks at Selvogsbanki 
is 5-10 years. In the w aters off no rth ern  Iceland 
(Siglunes transect), the  h igh values of Zooplankton 
at the beg inn ing  of the tim e-series dropped  
drastically w ith  the onset of the G reat Salinity 
A nom aly (GSA) of the 1960s (Figure 4.4c and  d). 
Since then , Z ooplankton biom ass has varied, w ith  
highs at intervals of approxim ately 7-10 years.

C opepods (m ainly Calanus finmarchicus and 
Oithona spp.) generally dom inate the Zooplankton, 
com prising >60-70%  of the p lank ton  in  m ost years 
(G islason et al., 2009). A m ong the copepods, C. 

finmarchicus tends to be m ore abundan t sou th  of 
Iceland (-20-70% ) th an  in the n o rth  (-10-60% ). 
Tem perature and  salinity are the m ost im portan t 
environm ental variables in term s of explaining 
the differences in species com position north  
and  sou th  of Iceland, w ith  species and groups 
such as Podon leuckarti and  cirripede larvae being 
relatively abundan t sou th  and  Calanus hyperboreus 
abundan t no rth  of Iceland. A  significant year-to- 
year variability in  com m unity structure is observed 
bo th  sou th  and  no rth  of Iceland, w ith  salinity and 
the collapse in  nitrate (an index of phytop lankton  
production) dictating the variability in  the sou th  
w hereas tem perature is the m ain  factor in  the no rth  
(G islason et al., 2009).
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Z ooplankton  biom ass n o rth  of Iceland is influenced 
by the inflow  of w arm  Atlantic w ater (AW ).Thus, in 
w arm  years, w h en  the flow  of h igher salinity AW 
onto the no rthern  shelf is high, the Zooplankton 
biom ass can be alm ost twice as h igh as in  cold years, 
w h en  this inflow  is no t as evident (A stthorsson 
and  G islason, 1998; A stthorsson  and  Vilhjalmsson, 
2002).This trend  is visible in  the annual anom alies 
(Figure 4 .4c-e).T he reasons for this m ay include (i) 
b e tte r feeding conditions for Zooplankton, resulting 
from  increased prim ary production  in  w arm  years; 
(ii) advection of Zooplankton w ith  AW from the 
south; and  (iii) m ore rapid, tem pera tu re -dependen t 
grow th of Zooplankton in w arm  years. D uring bo th  
2000 and  2001, w hen  the biom ass of Zooplankton 
n o rth  of Iceland w as particularly high, the inflow

of w arm  AW onto the no rth ern  shelf was also high. 
South  of Iceland, the links betw een  climate and 
Z ooplankton b iom ass are no t as evident as those 
n o rth  of Iceland. M ost probably, the variability off 
the sou th  and  w est coasts is related  to the tim ing 
and  m agnitude of the prim ary productivity on the 
banks, w hich, in  turn , are influenced by freshw ater 
from  rivers and  by w ind force and  direction, 
influencing the m ixing regim e and  nu trien t supply.

Currently, sea surface tem perature values at bo th  
Siglunes and  Selvogsbanki are h igher th an  the 
100-year averages for each region (Figure 4.5b and 
d), bu t rem ain  below  the 100-year m axim um . The 
tem peratures in  b o th  regions appear to follow a 
50-60 year cycle.

a. Selvogsbanki Transect (south Iceland) b. Siglunes Transect (north  Iceland)
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Figure 4.4
Interannual comparison of 
select co-sampled variables 
at Selvogsbanki and Siglunes 
transects (see Section 2.2.2 for an 
explanation o f this figure).
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Selvogsbanki Transect (south Iceland)
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Site 12: Faroe Islands (southern Norwegian Sea and Faroe Shelf)

E ili f  Gaard and  H 0 g n i Debes

Figure 4.6
Location o f the Faroe Islands 
(Site 12) survey area plotted on 
a map o f average chlorophyll 
concentration (see Section 2.2.1 
for an explanation o f this figure).

Figure 4.7
Seasonal summary plots for  
Zooplankton, chlorophyll, and 
surface temperature along the 
southern Norwegian Sea transect 
(north and south) and the Faroe 
Shelf (see Section 2.2.1 for an 
explanation o f this figure).
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The Faroe M arine Research Institu te (FMRI) operates 
four standard  transects radiating  north , w est, east, 
and south  of the Faroe Islands (Figure 4.6). This 
section sum m arizes Zooplankton m onitoring 
along the no rth ern  and  sou thern  portions of the 
sou thern  N orw egian Sea transect and  the Faroe 
Shelf region.
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Southern Norwegian Sea

Z ooplankton  is collected annually  (in May), using 
a W P-2 n e t (56 cm diam eter, 200 pm  m esh) and 
vertical hauls from  a dep th  of 50 m  to the surface. 
The no rth ern  portion  of the transect contains 14 
stations, 10 nautical m iles apart, crossing betw een  
two m ajor w ater bodies. The sou thern  portion  
of the transect is located in w arm  A tlantic w ater 
(AW), flowing from the w est-sou thw est, w hereas 
the no rth ern  portion  is located in  cold East 
Icelandic w ater (EIW) flowing from  the northw est.

In m ost years, the average Zooplankton biom ass in 
the upper 50 m  of b o th  the no rth ern  and  southern  
portions in M ay 1990-2008 (Figure 4.8) is close to the 
phy toplankton  spring bloom . Calanus finmarchicus 
is the dom inan t species in b o th  w ater m asses. In 
earlier years, the b iom ass w as clearly h igher in  the 
cold-w ater m ass in  the no rth ern  portion  th an  in 
the w arm er sou thern  portion. However, in  recent 
years, the biom ass in  the EIW (the no rth ern  portion  
of the transect) has decreased significantly and is 
no longer h igher th an  th a t in  the AW  (the sou thern  
portion  of the transect).
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Figure 4.8
Interannual comparison of 
select co-sampled variables in 
the southern Norwegian Sea 
transect (see Section 2.2.2 for an 
explanation o f this figure).
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The reason for the usually  h igher b iom ass in  the 
no rth ern  portion  in  previous years w as a h igher 
abundance of overw intering C. finmarchicus (CV 
and  adults) in  the no rth ern  portion  (Figure 4.9a 
and  b), com bined w ith  the presence of Calanus 
hyperboreus. In  the AW, few er large individuals, 
bu t larger num bers of small stages, w ere p resen t 
in  May. As the copepod 's reproduction  in  earlier 
years started  earlier in  the sou thern  portion, the 
total num bers of C. finmarchicus w ere, on average, 
usually h igher in  the AW than  in the EIW, despite 
the low er biom ass.

Fiowever, since 2003, the abundance of young 
C. finmarchicus copepodite stages in M ay in the 
no rth ern  portion  of the transect has increased 
significantly and  now  no clear differences are evident 
in  the C. finmarchicus stage com position in these 
two w ater m asses (Figure 4.9a and  b).T his indicates 
an  earlier reproduction  in  the EIW in recent years 
th an  in  previous years.Thus, in  M ay 1990-2002, the 
fraction of C. finmarchicus recruits in  th is w ater m ass 
w as only -10% ; in 2003, it increased to -45%  and, 
since 2004, it has b een  75-80% . A nother change 
in  the last few years is that, since 2003, practically 
no C. hyperboreus have been  found  in  the no rthern

portion  of the transect. These large copepods w ere 
quite plentiful in the first years of the tim e-series 
and  had  a substantial effect on the biom ass.

Low er tem peratures in  the no rth ern  portion  of the 
transect (Figure 4.9c) m ay explain the generally later 
C. finmarchicus reproduction, com pared w ith  the 
sou thern  portion, in  previous years. The difference 
does no t seem  to be explained by phytop lankton  
abundance because the chlorophyll a concentrations 
in m ost years w ere h igher in  the cold EIW th an  in 
the w arm er AW (Figure 4.9d).

For the tim e being, it is difficult to identify a cause for 
the apparently  early reproduction  of C. finmarchicus 
and  for the disappearance of C. hyperboreus in  the 
EIW in 2003-2008, com pared w ith  previous years 
in the tim e-series. Potential w eakening  of the East 
Icelandic C urren t or tem perature  changes of the 
EIW (or a com bination  of both) m ight explain this 
change.

Figure 4.9
Mean abundance o f  Calanus 
finmarchicus copepodite stages 
in East Icelandic waters (northern 
portion o f the transect) and in 
Atlantic waters (southern portion 
o f the transect). Corresponding 
average temperature and 
chlorophyll values are plotted in 
the lower panels.
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The Faroe Shelf

O n the Faroe Shelf, strong tidal currents mix the shelf 
w ater very efficiently and  result in  a hom ogeneous 
w ater m ass in  the shallow  shelf areas. The well- 
m ixed shelf w ater is separated  relatively well from 
the offshore w ater by a persisten t shelf front tha t 
circles the islands at a dep th  of ca. 100-130 m. 
In  addition, residual currents have a persistent 
clockwise circulation around  the islands. The shelf 
front provides a reasonable, a lthough  variable, 
degree of isolation betw een  the "on-shelf" and 
"off-shelf" areas. This allows the on-shelf areas to 
support a relatively uniform  shelf ecosystem  that, in 
m any ways, is distinct from off-shelf w aters.

A lthough the Zooplankton com m unity outside 
the shelf front ("off-shelf") is dom inated  by the 
copepod C. finmarchicus, the  on -shelf Zooplankton 
com m unity  is basically neritic, w ith  variable 
abundance of C. finmarchicus. D uring  spring and 
sum m er, the Zooplankton in the shelf w ater is 
usually  dom inated  by Temora longicornis and  Acartia 
longiremis. C. finmarchicus is advected from the 
su rrounding  oceanic environm ent and  occurs in  the 
shelf w ater in  in terannually  variable abundance, 
w hich  is usually  h ighest in  spring and  early

sum m er. M eroplanktonic larvae (m ainly cirripede 
larvae) m ay also be abundant, and  decapod larvae 
and  fish larvae and  juveniles are com m on on the 
shelf during  spring and  sum m er.

In m ost years, the Zooplankton sum m er biom ass on 
the Faroe Shelf is low, and is clearly low er th an  in  the 
su rrounding  oceanic environm ent.T his is explained 
by the h igher abundance of off-shelf C. finmarchicus. 
This species is m uch larger th an  the neritic species 
and  therefore strongly affects the to tal Zooplankton 
biom ass (Figure 4.10). O w ing to the in terannually  
variable abundance of on -shelf C. finmarchicus, 
the  b iom ass of the shelf is also m ore variable than  
th a t in  the su rrounding  oceanic environm ent; this 
is probably the result of the variable am ounts of 
advection onto the shelf.

In 2006-2008, the Zooplankton b iom ass on the 
shelf and in  the su rrounding  off-shelf oceanic 
w ater w as h igher th an  in previous years. This seem s 
to be m ainly the result of a h igher abundance of 
C. finmarchicus in  late copepodite stages (CIV and 
CV) in  bo th  w ater m asses, com pared w ith  the 
dom inance of younger stages in  the previous years, 
indicating  phenological variability or changes.
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Figure 4.10
Interannual comparison o f select 
co-sampled variables on and off 
the Faroe Shelf (see Section 2.2.2 
for an explanation o f this figure).
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Site 13: Svinny transect (Norwegian Sea)

W ebjorn M elle  and  Cecilie Brom s

Figure 4.11
Location o f the Svinoy transect 
(Site 13) plotted on a map o f 
average chlorophyll concentration 
(see Section 2.2.1 for an 
explanation o f this figure).

Figure 4.12
Seasonal summary plots for  
Zooplankton, chlorophyll, and 
surface temperature along the 
Svinoy transect (western and 
eastern sections; see Section 2.2.1 
for an explanation o f this figure).
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The N orw egian Institu te of M arine Research 
(IMR) M onitoring P rogram m e sam ples tw o fixed 
transects in  the N orw egian Sea: the Svinoy transect 
(Figure 4.11, this site) and  the G im soy transect (not 
show n). In addition, the N orw egian  Sea is surveyed 
in  M ay and  July-A ugust, b o th  surveys covering 
approxim ately 50-100 Zooplankton sam pling 
stations. D ata are held w ith in  local databases at the 
IMR, and  annual reports are m ade to the M inistry of 
Fisheries and  in  the IMR A nnual Report on M arine 
Ecosystems.

The Svinoy transect is split into tw o sections: w est 
and  east. Each section is sam pled 4-10 tim es each 
year w ith  a W P-2 n e t (56 cm diam eter, 180 pm  
m esh) from  200 m  dep th  (or the bottom ) to the 
surface. The Zooplankton catch of the n e t hauls is 
divided into two, using  a Folsom Splitter. O ne half 
is fixed in  buffered 4% form aldehyde for subsequent 
taxonom ic analyses, and  the o ther half is dried and 
w eighed  for dry w eight determ ination . In  addition, 
tem perature , salinity, nutrients, and  chlorophyll are 
m easured  at all sam pling  stations.

A long the Svinoy transect, Zooplankton biom ass 
begins to increase in M arch in  the w estern  section 
(Figure 4.13a) and  slightly earlier, in February, in 
the eastern  section (Figure 4.13d).The developm ent 
(timing) of Zooplankton biom ass in  spring at the 
Svinoy transect does no t otherw ise indicate any shifts 
in  seasonality  over the sam pling period  1997-2007. 
Both eastern  and  w estern  sections are currently in 
a period of average or low er-than-average biom ass, 
a trend  coheren t w ith  o ther Zooplankton biom ass 
data from  the N orw egian  Sea.

W ater tem peratures a longbo th  sections of the Svinoy 
transect range from 5 to 15°C, w ith  the seasonal 
h igh  in  A ugust and  the seasonal low  in M arch 
(Figure 4.13c and  f). Chlorophyll concentrations 
indicate th a t phy toplankton  grow th starts in  M arch 
in the w estern  section, w ith  a peak in  May, and  in 
February in  the eastern  section, w ith  a peak in  April 
(Figure 4.13b and  e). A long the transect, a protracted 
post-b loom  period persists th roughou t sum m er 
and  early autum n, w hich is typical of the sou thern  
N orw egian Sea. For the duration  of the tim e-series, 
chlorophyll concentrations in  the eastern  section 
of the transect dem onstrate  a dow nw ard trend, 
w hereas w ater tem peratures have b een  increasing. 
C hlorophyll in  the w estern  section is m ore variable 
over the years. Z ooplankton  b iom ass appears to be 
positively correlated w ith  chlorophyll and  negatively 
correlated w ith  tem perature  during this period.

The nearest CPR standard  area is BÍ. In terannual 
trends w ith in  CPR copepod abundance (Figure 
4.14e) correspond fairly well w ith  Zooplankton 
biom ass in  b o th  the w estern  (Figure 4.14a) and 
eastern  (Figure 4.14c) sections of the Svinoy 
transect. L ong-term  SST values along the transect 
are above the 100-year average for this region. In 
the eastern  section of the transect, tem peratures 
have b een  at or above the 100-year m axim um  
(Figure 4.14d, red  dashed  line) since 2002. In  the 
w estern  section, tem peratures briefly reached the 
100-year m axim um  in 2002 and  th en  decreased 
after 2004 (Figure 4.14b).
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Figure 4.13
Seasonal and interannual
comparison o f select co-sampled 
variables from the Svinoy
transect (see Section 2.2.2 for an 
explanation o f this figure).
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Figure 4.14
Long-term comparison o f Svinoy
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Site 14: Fugleya-B j erneya transect (western Barents Sea)

W ebjorn M elle  and  Cecilie Brom s

Figure 4.15
Location o f the Fugloya-Bjornoya 
transect (Site 14) plotted on 
a map o f average chlorophyll 
concentration (see Section 2.2.1 
for an explanation o f this figure).

Figure 4.16
Seasonal summary plots for  
Zooplankton, chlorophyll, and 
surface temperature along the 
Fugloya-Bjornoya transect (west 
and east; see Section 2.2.1 for an 
explanation o f this figure).
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The N orw egian Institu te of M arine Research (IMR) 
M onitoring P rogram m e sam ples two standard  
transects in the Barents Sea: the Fugloya-Bjornoya 
transect (Figure 4.15; this site) and  the V ardo-N ord 
transect (see Site 15). In addition, the Barents Sea 
is surveyed in A ugust-S ep tem ber on a basin  scale. 
D ata are held w ith in  local databases at the IMR and 
annual reports are m ade to the M inistry of Fisheries, 
in  the IMR A nnual Report on  M arine Ecosystems, 
and  in  joint N orw egian/R ussian reports.

The Fugloya-Bjornoya transect is split into two 
sections, no rth  and  south, w hich are each sam pled 
3 -6  tim es a year w ith  W P-2 nets (56 cm diam eter, 
180 pm  m esh) from 100 m  and /o r from the bo ttom  
to the surface, in  two separate n e t hauls. The data 
in  th is report are from the bo ttom -to-surface hauls. 
The Zooplankton catch of the ne t hauls is divided 
into two using  a Folsom Splitter. O ne half is fixed 
in  buffered 4% form aldehyde for subsequent 
taxonom ical analyses, and  the o ther half is dried and 
w eighed  for dry w eight determ ination . In  addition,

tem perature, salinity, nu trien ts, and  chlorophyll are 
m easured  at all sam pling stations.

Z ooplankton  biom ass begins to increase in M arch 
in the no rth ern  section (Figure 4.17a) and  in 
April in  the sou thern  section (Figure 4.17c). Peak 
Z ooplankton biom ass is reached in June-A ugust 
in the no rth ern  section and  in M ay-July in  the 
sou thern  section. Z ooplankton  biom ass has been  
steadily decreasing over the duration  of the tim e- 
series, m ost noticeably in the no rth ern  section 
(Figure 4.17a).

W ater tem peratures in b o th  sections of the 
Fugloya-Bjornoya transect range from  2 to 9°C, 
w ith  a seasonal h igh in  A ugust and  a seasonal low 
in April, and  they  have been  increasing since the 
start of sam pling  (Figure 4.17b and d). L ong-term  
w ater tem peratures along the transect reveal tha t 
these tem peratures are slightly below  the 100-year 
m axim um  (Figure 4.18b and  d, red dashed  line).
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Figure 4.17
Seasonal and interannual 
comparison o f select co-sampled 
variables from the Fugloya- 
Bjornoya transect (see Section 
2.2.2 for an explanation o f this 
figure).
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Figure 4.18
Long-term comparison of
Fugloya-Bjornoya transect 
Zooplankton (dry mass) and 
HadlSSTsea surface temperatures 
for the region (see Section 2.2.3 
for an explanation o f this figure).
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Site 15: Varde-Nord Transect (eastern Barents Sea)

W ebjorn M elle  and  Cecilie Brom s

Figure 4.19
Location o f  the Vardo-Nord 
transect (Site 15) plotted on 
a map o f average chlorophyll 
concentration (see Section 2.2.1 
for an explanation o f this figure).
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Figure 4.20
Seasonal summary plots for 
Zooplankton, chlorophyll, and 
surface temperature along the 
Vardo-Nord transect (west and 
east; see Section 2.2.1 for an 
explanation o f this figure).
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The N orw egian Institu te of M arine Research (IMR) 
M onitoring P rogram m e sam ples two standard  
transects in the Barents Sea: the Fugloya-Bjornoya 
transect (see Site 14) and  the V ardo-N ord transect 
(eight Zooplankton stations; Figure 4.19; this site). 
In  addition, the Barents Sea is surveyed in  A u g u st- 
Septem ber on a basin  scale. D ata are held  w ith in  
local databases at the IMR, and  annual reports 
are m ade to the M inistry of Fisheries, in  the IMR 
A nnual R eport on  M arine Ecosystems, and  in  joint 
N orw egian/R ussian reports.

The V ardo-N ord transect is split into two sections, 
n o rth  and  south, w hich are each sam pled 3 -6  tim es 
a year w ith  a W P-2 n e t (56 cm diam eter, 180 pm  
m esh) from  100 m  or the bo ttom  to the surface and 
from  the bo ttom  to the surface in  two separate net 
hauls. The data  in  this report are from the bo ttom - 
to-surface hauls. The Zooplankton catch of the net 
hauls is divided into two using  a Folsom  Splitter. 
O ne half is fixed in  buffered 4% form aldehyde for 
subsequent taxonom ical analyses, and  the o ther half 
is dried and  w eighed for dry w eight determ ination . 
In addition, tem perature, salinity, nutrients, and 
chlorophyll are m easured  at all sam pling stations.
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Figure 4.21
Seasonal and interannual 
comparison o f select co-sampled 
variables from the Vardo-Nord 
transect (see Section 2.2.2 for an 
explanation o f this figure).

The Zooplankton biom ass along the V ardo-N ord 
transect begins to increase at som etim e betw een  
April and  June and  peaks in  June (Figure 4.21a 
and  c). Z ooplankton  biom ass has been  steadily 
decreasing over the duration  of the tim e-series, 
m ost noticeably in  the sou thern  section. Lower 
biom ass (during the past four years of sam pling) and 
an  overall decreasing trend  are com m on am ong  all 
sam pling sites in  the N orw egian and  Barents seas.

W ater tem peratures a long the V ardo-N ord transect 
range from  2 to 9°C, w ith  a seasonal h igh in  A ugust 
in  bo th  sections, and  a seasonal low  in M arch in

the sou thern  section and  in  April in  the no rthern  
section (Figure 4.21b and  d). W ater tem peratures 
are increasing in  b o th  sections and  correspond 
to a decrease in  chlorophyll (not show n) and 
Zooplankton b iom ass (Figure 4.22a and  c) .A lthough 
tem peratures in the no rthern  section are currently 
at or near the 100-year m axim um  for this region 
(Figure 4.22b, red dashed  line), they  are significantly 
low er than  the 100-year m axim um  for the sou thern  
section (Figure 4.22d, red dashed  line).
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Figure 4.22
Long-term comparison o f Vardo- 
Nord transect Zooplankton (dry 
mass) and HadlSST sea surface 
temperatures for the region (see 
Section 2.2.3 for an explanation 
o f this figure).
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5. ZOOPLANKTON OF THE 
BALTIC SEA
Lutz Postel, Piotr Margonski, M aiju Lehtiniemi, Juha Flinkman, Arno Pöllumäe, 
M aria Pöllupüü, M art Simm, Anda Ikauniece, Solvita Stroke, Georgs Kornilovs, 
Norbert Wasmund, and Gunta Rubene

The Baltic Sea is a brackish in land  sea b o unded  by 
the Scandinavian peninsula, m ain land  Europe, and 
the D anish  islands (Figure 5.1). Average salinity 
in  the Baltic Sea is m uch low er th an  tha t in  the 
N orth  A tlantic and  adjacent N orth  Sea because of 
freshw ater rivers and  run-off from the surrounding 
land. There is an  estuarine circulation, w ith  an 
outflow  of low -salinity  w ater above the halocline 
and  irregular reverse inflows of h igher salinity 
deep w ater from  the N orth  Sea. This produces a 
perm anen t halocline at ca. 60-80 m  depth , w hich 
restricts vertical exchange. O w ing to seasonality, 
there is an  additional therm ocline from late 
spring until au tum n. This strong stratification in 
the w ater colum n, com bined w ith  eutrophication 
and  pollution, leads to low  oxygen levels and 
brief anoxic periods in  the Baltic Sea deep water. 
Clim ate change and  decadal-scale variability of 
these param eters fu rther affect the Baltic Sea's 
hydrographic characteristics (Feistel et al., 2008).

The Zooplankton of the Baltic Sea ranges from 
freshw ater-brackish  species to N orth  Sea neritic 
and  occasional oceanic species, depend ing  m ainly 
on the distance from the Baltic S ea-N orth  Sea 
interface. Profound changes in  Zooplankton species 
com position have b een  a ttribu ted  to changes in the 
deep-w ater salinity (e.g. a decline in  Pseudocalanus 
spp. since the late 1980s; M öllm ann et al., 2000,

2003), changes in tem perature  (e.g. an increase in 
Temora longicornis and  Acartia spp. during the 1990s; 
M öllm ann et al., 2000, 2003), and  predation  pressure 
(Casini et al., 2008). C hanges in  the no rth ern  and 
the sou thern  Baltic Sea copepod com m unities, 
recently described by Flinkm an and  Postel (2009), 
are attribu ted  to changes in  tem perature, salinity, 
and  degree of eutrophication.

In the eastern  G otland  Basin, five years after the last 
m edium -sized, deep-w ater renew al and  saltw ater 
influx of 2003, the  w aters below  the halocline 
becam e alm ost abiotic. A bundance of the m arine 
species Oithona similis, an  indicator of h igher 
salinity water, declined to nearly  zero, as a result 
of a narrow ing  of its hab ita t layer (oxygenated 
w ater w ith  suitable salinity) from 160 m  to 30 m. 
The general decline in  to tal m esozoop lank ton  
abundance across the Baltic since the 1990s 
continues, largely because of a decrease in  the 
m axim um  abundance of rotifers. As rotifers are 
generally  an  ind ica to r taxon for eu troph ica tion , 
th is decrease indicates an im provem ent in  w ater 
quality in  the open  Baltic Sea.
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Figure 5.1
Locations o f the Baltic Sea survey 
areas (Sites 16-24) plotted on 
a map o f average chlorophyll 
concentration (see Section 2.3.2).

D uring 2000, 2004, 2005, and  2007, concentrations 
of Bosmina spp. rem ained  below  100 000 individuals 
n r 3. These relatively  low  concen tra tions w ere 
re la ted  to suboptim al w ater tem peratures. 
C oncentrations w ere found  to be h igher at 
tem peratures above 18°C, w ith  m ass occurrences 
observed betw een  18 and  22°C. C oncentrations 
rem ained low er by an order of m agnitude in  years 
w h en  the carnivorous w ater flea, Cercopagis pengoi, 
an  invasive species to the Baltic in  1992, occurred 
in  the open  Baltic Sea. C. pengoi feeds on  Bosmina 
spp. and  o ther sm all crustaceans, thus com peting 
w ith  herring  (Clupea harengus) and  sprat (Sprattus 
sprattus) for food. It is also ea ten  by herring  and 
sprat, bu t because it is on a h igher trophic level, 
there is less food for the fish. Effects on ecosystem  
productivity first becam e evident in  1999, seven 
years after the invasion of this alien carnivorous 
species into the Gulf of Riga.

In addition  to C. pengoi, Mnemiopsis leidyi, an 
invasive comb jellyfish, w as recorded for the first 
tim e in  the Baltic Sea in  2006. This ctenophore is the 
fifth invasive species of Zooplankton observed in  the 
region and  w as no t previously know n in the Baltic 
Sea ecosystem . In future, the invasion of Penilia 
avirostris, a herbivorous w ater flea of subtropical 
origin, could becom e im portan t in  the w estern  Baltic 
Sea. It is now  dom inating  the sum m er p lank ton  of 
the sou thern  N orth  Sea and  is currently observed in 
the Belt Sea and  the Sound.
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Sites 16-17: Bothnian Bay and Bothnian Sea (northern Baltic Sea)

M a iju  L eh tin iem i and  Julia F linkm an

Figure 5.2
Location o f the Bothnian Bay (Site 
16) and Bothnian Sea (Site 17) 
survey areas plotted on a map of 
average chlorophyll concentration 
(see Section 2.3.2).

Figure 5.3
Seasonal summary plots for  
Zooplankton, chlorophyll, and 
surface temperature at the 
Bothnian Bay and Bothnian Sea 
sites (see Section 2.2.1 for an 
explanation o f this figure).
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Z ooplankton  m onito ring  by the F innish Institute 
of M arine Research (FIMR; now  the Finnish 
E nvironm ent Institute) began  in 1979 after the 
H elsinki C om m ission (HELCOM) initiated 
cooperative environm ental m on ito ring  of the Baltic 
Sea. M onitoring w as divided into four subareas, 
based  on differing hydrographic environm ents: 
B othnian  Bay and  B othnian  Sea (these sites, Figure 
5.2), G ulf of Finland (see Site 19), and  the Baltic 
P roper (see Site 23).

Z ooplankton  sam ples w ere collected in A ugust, 
the  peak  abundance period, using  a W P-2 n e t (56 
cm diam eter, 100 pm  m esh). The Zooplankton data 
for B othnian  Bay are an average of two stations, 
w hereas data from  the B othnian  Sea are an  average 
of three stations. W ater tem peratures in  B othnian 
Bay are generally 1 -2°C colder th an  those in  the 
B othnian  Sea (Figures 5.4b and  5.5b). A t b o th  sites, 
w ater tem peratures are low est in  February-M arch 
and  w arm est in  August.

Both regions have relatively low  salinities, ranging 
from  2 to 4 psu  in  B othnian Bay (Figure 5.4c; 
L eppäran ta  and  M yrberg, 2009) and from  4 to 6 psu 
in  the B othnian  Sea (Figure 5.5c).These differences 
in  salinity influence the Zooplankton com m unity 
structure in  each region, w ith  taxa th a t prefer higher 
salinity (e.g. Acartia spp.) be ing  nearly  absen t in 
B othnian  Bay (Figure 5.4d, ~5 m g  n r 2) bu t fairly 
abundan t in  the B othnian Sea (Figure 5.5d, -5000 
m g n r 2). This is changing, how ever, as surface 
salinity in  b o th  areas has b een  decreasing since the 
1960s (Figures 5.4c and  5.5c).

In the late 1970s, the B othnian  Sea Zooplankton 
biom ass w as dom inated  by Eurytemora spp. and 
Acartia spp. (Flinkm an et al., 2007). Since 1990, the 
b iom ass oí Acartia spp. has b een  steadily decreasing, 
w hereas the b iom ass of the b rackish-w ater species 
Eurytemora spp. and  Limnocalanus macrurus and  the 
to ta l b iom ass in  th e  reg ion  have b een  increasing  
since the beg inn ing  of the m on ito ring  program m e 
(Figure 5 .5d-f).T his increase in  L. macrurus and  in 
the to ta l biom ass can also be seen  in  B othnian  Bay 
during  the past ten  years (Figure 5.4f and  a). The 
b iom ass of a cladoceran species, Bosmina coregoni 
maritime, has been  increasing over the past ten  
years in b o th  sub-basins, as has Podon spp. biom ass 
since the 1990s.

The general Baltic-wide decrease in salinity is 
the result of w arm er tem peratures and  increased 
precipitation, run-off, and  river ou tpu ts in the 
Baltic. L ong-term  sea surface tem perature values in 
b o th  regions have b een  near or above the 100-year 
m axim um  since 2000 (Figure 5.6b and  d, red dashed  
line).
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Figure 5.4
Seasonal and interannual 
comparison o f select co-sampled 
variables in Bothnian Bay (see 
Section 2.2.2 for an explanation 
o f this figure).
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Seasonal and interannual 
comparison o f select co-sampled 
variables in the Bothnian Sea (see 
Section 2.2.2 for an explanation 
o f this figure).
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Figure 5.6
Long-term comparison of 
Bothnian Bay and Bothnian 
Sea Zooplankton biomass with 
HadlSSTsea surface temperatures 
for the region (see Section 2.2.3 
for an explanation o f this figure).
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Site 18: Tallinn Bay (Gulf of Finland)

A rn o  Pöllum äe

i  ■

i !  J

Figure 5.7
Location o f the Tallinn Bay (Site 
18) survey area and the seasonal 
summary plots for Zooplankton, 
chlorophyll, and surface 
temperature in this area (see 
Section 2.2.1 for an explanation 
o f this figure).
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The G ulf of F inland is rep resen ted  by one FTELCOM 
sam pling station  located in  the m iddle of Tallinn 
Bay at 59°32.2'N  24°41.3'E (Figure 5.7). Tallinn 
Bay is relatively exposed, and the w ater exchange 
betw een  it and  the open  gulf is good.The m axim um  
dep th  of the bay is ca. 100 m, w hereas the dep th  of 
the sam pling station  is 45 m. Seasonal fluctuations 
in  w ater tem perature  occur above 30 m  depth, 
m ainly from M ay to N ovem ber. D uring  w inter, the 
bay is usually  covered w ith  ice, w hereas in  sum m er, 
surface w ater tem peratures as h igh as 24°C can be 
observed in  July. In the deeper parts of the bay, the 
tem perature  is stable th roughou t the year at 2-5°C. 
The average salinity at the station  is 6 psu, w hereas 
the m axim um  salinity near the bo ttom  has reached 
9.25 psu. These averages are slightly h igher than  
the O m sted t m odel data  (Figure 5.8c), w hich is 
averaged over a larger spatial area of the gulf. The 
large u rban  area ofTallinn affects the nu trien t status 
of Tallinn Bay.

Z ooplankton  has b een  collected since 1993, 
using  vertical hauls of a Juday p lank ton  n e t (38 
cm diam eter, 90 pm  m esh) up to 12 tim es a year. 
M esozooplankton sam ple analyses w ere perform ed 
according to guidelines outlined  by HELCOM  
(1988). Phytoplankton, m acrozoobenthos, and 
w ater chem istry sam ples are also sam pled at the 
sam e station  w ith  the sam e frequency.

Z ooplankton  in  the Baltic Sea is typically sm aller 
th an  in  the N orth  A tlantic. The dom inan t copepod 
species in  Estonian w aters are Eurytemora affinis and 
Acartia bifilosa, the  m ost abundan t cladoceran is 
Bosmina coregoni, and  rotifers also constitute a large 
proportion  of the to tal Zooplankton abundance.

M axim um  copepod abundance is usually observed 
in late sum m er, corresponding to the w arm est 
w ater tem peratures (Figure 5.8a and  b). In years 
w ith  w arm er w inters, h igh  abundance m ay be 
observed in  spring, w h en  a shorter period of ice 
cover causes m ore m ixing and  phosphorus release 
from  the bottom , resulting  in  h igher chlorophyll 
concentrations in spring and  sum m er. This 
m echanism  m ay also explain the corresponding 
increase in chlorophyll w ith  tem perature  over tim e 
and  the slight increase in copepod abundance 
during  the sam e period (Figure 5.8a, b, and d). The 
phy toplankton  spring b loom  usually  occurs in  April, 
b u t the exact tim ing depends on ice cover.

The abundance of copepods in  Tallinn Bay is 
positively correlated w ith  H adlSST tem perature 
(1900-2008; r2 = 0.4 p <0.01), w ith  h igher 
abundance presen t th rough  all m on ths during  the 
w arm er years. Tem peratures in  the bay have been  
above the 100-year average since the 1990s (Figure 
5.9b). Recent studies at species level dem onstrate 
th a t climatic conditions at som e spatial scales 
play an  im portan t role for m ost m esozooplankton  
species in  the G ulf of Finland. The effect of nu trien t 
loads at local and  regional scales is also im portan t 
(Pöllum äe et al., 2009). The dynam ics of som e local 
m esozooplankton  species (e.g. Bosmina coregoni) 
m ay also be affected by the recent p redatory  invader 
Cercopagis pengoi (Pöllum äe and  Kotta, 2007).
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Figure 5.8
Seasonal and interannual 
comparison o f select co-sampled 
variables in Tallinn Bay (see 
Section 2.2.2 for an explanation 
o f this figure).
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Long-term comparison o f Tallinn 
Bay copepod abundance with 
HadlSST sea surface temperatures 
for the region (see Section 2.2.3 
for an explanation o f this figure).
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Site 19: Gulf of Finland (eastern Baltic Sea)

M a iju  L eh tin iem i and  Julia F linkm an

Figure 5.10
Location o f the Gulf o f Finland 
(Site 19) survey area and the 
seasonal summary plots for 
Zooplankton, chlorophyll, and 
surface temperature in this 
area (see Section 2.2.1 for an 
explanation o f this figure).

Mo rich n i Vcar

Z ooplankton  m onito ring  by the F innish Institute 
of M arine Research (FIMR, now  the Finnish 
E nvironm ent Institute) began  in 1979 after the 
H elsinki C om m ission (HELCOM) initiated 
cooperative environm ental m on ito ring  of the Baltic 
Sea. M onitoring w as divided into four subareas 
based  on differing hydrographic environm ents: 
B othnian  Bay and  B othnian Sea (see Sites 16-17), 
Gulf of Finland (this site, Figure 5.10), and the Baltic 
P roper (see Site 23).

Z ooplankton  is collected in  A ugust, the  peak 
abundance period for this region, u sing  a W P-2 
n e t (56 cm diam eter, 100 pm  m esh). Z ooplankton  
data for the Gulf of F inland are an  average of three 
stations.

The hydrography of the Gulf of F inland is similar 
to the Baltic P roper ow ing to a direct connection 
betw een  these basins. W ater tem peratures are 
low est in February-M arch and  w arm est in  July- 
A ugust (Figure 5.11b).

The general Baltic-wide decrease in salinity is also 
p resen t in  the Gulf of F inland (Figure 5.11c), because 
of w arm er tem peratures and  increased precipitation 
and  river run-off in the Baltic. The surface salinity 
varies from alm ost freshw ater in  the eastern  parts 
of the Gulf, ow ing to freshw ater discharge from  the 
River Neva, to >6 psu  in  the w est. A  halocline is 
form ed at 60-80 m  depth , p reventing m ixing of the 
deeper saltier (5-9 psu) w aters w ith  surface layers 
(Leppäranta and  M yrberg, 2009).

The Zooplankton com m unity is a mixture of 
freshwater, brackish, and  m arine species (Figure 
5 .I la ) .The dom inan t species are copepods from  the 
group Eurytemora spp. (Figure 5.l i d ) ,  followed by 
Acartia spp., Temora longicornis, and  the cladoceran 
Evadne nordmanni (Figure 5 .I le , f, and  g).

A lthough  the presence of any long-term  trends in 
to tal Zooplankton biom ass are no t very obvious 
(Figure 5.12a), increasing or decreasing trends 
are apparen t w hen  looking at a single species or 
genera. For example, F linkm an et al. (2007) no te  a 
decrease in  Pseudocalanus elongatus b iom ass over 
the m on ito ring  period  (Figure 5.11h), w hereas 
o ther species m ay be slightly increasing. Comb 
jellies, recently identified as the Arctic ctenophore 
Mertensia ovum  (G orokhova et al., 2009), have 
becom e ab undan t during the last few  years.

The S ST values in the Gulf of Finland (Figure 5.12b) 
have b een  above the 100-year average since the 
1990s, w ith  the exception of one cooler year in 
2003.
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Figure 5.11
Seasonal and interannual 
comparison o f select co-sampled 
variables in the G ulf o f Finland 
(see Section 2.2.2 for an 
explanation o f this figure). !  3 
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Site 20: Pärnu Bay (northeast Gulf of Riga)

M aria  P ö llup iiü  and  M a r t S im m

Figure 5.13
Location o f the Pärnu Bay (Site 
20) survey area and the seasonal 
summary plots for Zooplankton, 
chlorophyll, and surface 
temperature in this area (see 
Section 2.2.1 for an explanation 
o f this figure).
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Pärnu  Bay is a shallow, sem i-enclosed brackish- 
w ater basin  located in  the no rtheaste rn  part of the 
G ulf of Riga and  covering approxim ately 700 km 2, 
w ith  a volum e of 2 k n r  (Figure 5.13). Its m axim um  
dep th  gradually increases from 7.5 m  in the inner 
part to 23 m  in the sou thw estern  part. In m ost years, 
Pärnu  Bay is covered w ith  ice in  w inter.

The hydrographic conditions of Pärnu  Bay are 
form ed u nder the complex influence of w in ter ice 
conditions, freshw ater inputs from  the Pärnu  River, 
and  w ater exchange w ith  the open  part of the Gulf 
of Riga. The bay suffers from extensive hum an  
pressures (recreation, eutrophication, fishing; Kotta 
et al., 2008). In  sum m er, surface w ater tem peratures 
m ay reach 23°C during July-A ugust. L ong-term  
w ater tem peratures have b een  w arm er th an  the 
100-year average since 1989 (Figure 5.15b).

Z ooplankton  sam pling has b een  carried out 
since the late 1950s at a m onito ring  station (10 m 
depth) located in  the m iddle part of the bay. From 
1957 to 1975, sam pling started  in A pril-M ay and 
w as generally perform ed w eekly until the  end 
of O ctober. From 1976 onw ards, the sam pling 
period  w as extended to include all ice-free m onths. 
Sam pling w as perform ed vertically using  a Juday 
p lank ton  n e t (0.1 m 2 m ou th  opening, 90-100 pm  
m esh) in tegrating  over the w hole w ater colum n. 
M esozooplankton sam ple analyses are perform ed 
according to guidelines outlined  by HELCOM  
(1988).

The Zooplankton taxa are rep resen ted  by brackish- 
water, eurytherm al, oligotherm al, and  polytherm al 
species. Rotifers, copepods, cladocerans, and

m eroplankton  dom inate  the Zooplankton 
com m unities (Kotta et al., 2009). The diversity of 
Zooplankton in Pärnu  Bay is low; two species, 
Eurytemora affinis and  Acartia bifilosa, constitute 
99% of the total copepod abundance, and  Bosmina 
coregoni maritima is the prevailing cladoceran. Peak 
copepod abundance occurs in the w arm er sum m er 
m onths (June-July), after the spring chlorophyll 
peak  and  just before the sum m er tem perature  
m axim um  (Figure 5.14a, b, and  d).

D ifferent trends in  the long-term  abundances of the 
copepods and  cladocerans w ere observed (Figure 
5.14a and  e). In Pärnu  Bay, during the period from 
the late 1950s to the late 1980s, total copepod 
abundance w as generally low er th an  the long-term  
average. This period w as follow ed by a rise in bo th  
copepod abundance and  w ater tem perature from 
below -average to above-average levels. In contrast 
to the copepods, cladoceran abundance w en t from 
an increasing to a decreasing trend  at the beg inn ing  
of the 1990s. After decreasing rapidly for a few 
years, it th en  stabilized at levels considerably low er 
th an  the earlier period in  the m iddle of the tim e- 
series. O ver the last few  decades, invasions of two 
additional cladoceran species (Cercopagis pengoi and 
Evadne anonyx) of Ponto -C asp ian  origin have been  
recorded (O javeer and  Lum berg, 1995; Pöllupüü 
et al., 2008). The decrease in native cladoceran 
abundance coincides w ith  the invasion of the 
predatory  cladoceran C. pengoi, w hich  now  occurs in 
large num bers in  P ärnu  Bay during periods of w arm  
w ater (O javeer et al., 2004; K otta et al., 2004, 2009).
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Figure 5.15
Long-term comparison o f Pärnu 
Bay Zooplankton with HadlSST  
sea surface temperatures from the 
region (see Section 2.2.3 for an 
explanation o f this figure).
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Figure 5.16
Location o f the Station 121 (Site 
21) survey area and the seasonal 
summary plots for Zooplankton, 
chlorophyll, and surface 
temperature in this area (see 
Section 2.2.1 for an explanation 
o f this figure).

In  the context of the N ational M onitoring 
P rogram m e of Latvia, m esozooplankton  has been  
sam pled since 1993 as a param eter of aquatic 
environm ent status. Sam pling Station  121 is located 
in  the central part of the Gulf of Riga, approxim ately 
50 km  from the coast and  at a dep th  of 55 m  (Figure 
5.16). A  netw ork  of m on ito ring  stations w as 
constructed across the gulf to study the im pact of 
various factors, such as freshw ater discharge and 
general currents. S tation  121 represen ts the central 
part of the gulf, the deepest of the m onitoring 
stations, w hich is m inim ally affected by freshw ater 
and  nutrients. P lank ton  productivity indicators in 
this area are low er th an  those of the coastal zones, 
bu t species com position does no t differ substantially 
because the w hole Gulf is a b rackish-w ater basin, 
w ith  dom inan t salinity values of ca. 5 psu.

Z ooplankton  w as sam pled w ith  a W P-2 n e t (56 cm 
diam eter, 100 pm  m esh), using  vertical hauls from 
50 m  dep th  to the surface. Sam pling w as carried 
out at least three tim es a year, represen ting  the 
m ost productive seasons: spring (May), sum m er 
(August), and  au tum n  (O ctober-N ovem ber).

Species diversity in  the gulf is low. The total num ber 
of Zooplankton species does n o t exceed 40, and  there 
are seldom  m ore th an  15 species in a sam ple. The 
Zooplankton follows a strong  seasonal pa ttern  tha t 
is determ ined  by tem perature  during the first half 
of the year and  by the com bined effect of p redation  
and  tem perature  during the second half. In terannual 
values of Zooplankton abundance and  biom ass are 
extrem ely variable (Figure 5.17a and  b), bu t the 
seasonal p a tte rn  has rem ained  constant th roughou t 
the observation period. C opepod abundance and

total sam ple w et m ass are low est from  D ecem ber 
th rough  April, corresponding to the period  of 
coldest w ater tem pera tu res . R elatively few  species 
of copepods occur w ith in  the m onito ring  area: 
Acartia bifilosa, Eurytemora affinis, and  Limnocalanus 
macrurus (the la tter m ostly  naupliar stages). A 
steep tem perature rise starts in  May, causing 
m ass developm ent of rotifers (Synchaeta spp.) and 
copepods. W ith fu rther tem perature increases in 
June, m ore species of rotifers (Keratella spp.) and 
cladocerans (Evadne nordmanni, Pleopis spp., and 
Bosmina longispina) appear in the Zooplankton 
com m unity. The h ighest annual abundance and 
b iom ass levels are reached in  July or early A ugust, 
w ith  up  to 50% of the to tal b iom ass com prising 
cladocerans, m ostly  B. longispina. S tarting in  m id- 
A ugust, p redation  by herring, mysids, and  the 
invasive cladoceran Cercopagis pengoi affects the 
to tal abundance of the Z ooplankton comm unity. 
H erring  and  m ysids generally target the copepods, 
w hereas C. pengoi preys on the local cladoceran 
Bosmina. G radual tem perature  decreases in  au tum n 
lead to a reduction  in  the num ber of species and 
abundance values of the com m unity. The au tum n 
species com position resem bles th a t of spring, w ith  
the addition  of m eroplankton, the pelagic larvae of 
ben th ic  fauna.

L ong-term  SSTs in the region are fairly variable 
(Figure 5.18c), bu t have b een  w arm er th an  the 
100-year average since 1990. There is no clear 
relationship betw een  tem perature  and  Zooplankton 
w ith in  the site, a lthough  tem perature  and  salinity 
changes have b een  show n to influence Zooplankton 
at o ther sites w ith in  the Baltic.

Site 21: Central Gulf of Riga (Station 121)
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Site 22: Eastern Gotland Basin (central Baltic Sea)

Solvita  Stroke, Georgs K ornilovs, and  G un ta  R ubene

Figure 5.19
Location o f the eastern Gotland 
Basin (Site 22) survey area and 
the seasonal summary plots 
for Zooplankton, chlorophyll, 
and surface temperature in this 
area (see Section 2.2.1 for an 
explanation o f this figure). ' ■ o d

Vfßtiüri dI Vaut j

The eastern  G otland Basin sam pling site is located 
in  the central Baltic Sea, ICES Subdivision 28 (Figure 
5.19). Z ooplankton  biom ass (wet w eight) w as 
sam pled using  a Juday n e t (36 cm diam eter, 160 pm  
m esh). Individual hauls w ere carried out in vertical 
steps, resulting  in full coverage of the w ater colum n 
to a m axim um  dep th  of 100 m. Sam pling has been  
conducted in  spring  (May), sum m er (August), and 
au tum n (O ctober-N ovem ber) since 1959.

In the central Baltic Sea, the Zooplankton biom ass 
is highly seasonal. After an  increase from  low  values 
at the beg inn ing  of the year, peak  biom ass of all 
copepod species w as regularly found  in A u g u st- 
Septem ber. C ladocerans appear in  considerable 
num bers from  spring onw ards, w ith  a m axim um  
biom ass in  A ugust. In  term s of biom ass, the m ost 
im portan t copepod species in  the central Baltic 
Sea w as Pseudocalanus acuspes, followed by Temora 
longicornis, Acartia spp., and  Centropages hamatus. 
The b iom ass of P. acuspes drastically declined after 
1990, b u t has increased again in  recent years (Figure 
5.20b). At the sam e tim e, an  opposite trend  was 
observed for T. longicornis, w hich had  a low  biom ass 
until 1990, follow ed by h igh values at the end  of 
the tim e-series (Figure 5.20c). Similarly, Acartia 
spp., w hich had  a low  abundance during the 1980s, 
increased stepw ise during the 1990s (not show n). 
Increasing w ater tem peratures (Figure 5.20d) and 
decreasing salinity (Figure 5.20e) are th o u g h t to 
be the reason for the shift in  Zooplankton species 
com position from P. acuspes to T. longicornis and 
Acartia spp. (M öllm ann et al., 2005).

A lthough there are few published studies on the 
long-term  trends of phytoplankton, changes in 
phytoplankton  species com position w ere also 
observed in  the central Baltic Sea. A  dow nw ard 
trend  w as found for diatom s in  spring and  sum m er, 
w hereas dinoflagellates generally increased in  the 
Baltic P roper (W asm und and  Uhlig, 2003). Similarly, 
the species com position of the central Baltic fish 
com m unity shifted from  cod (Gadus morhua), w hich 
w as very abundan t during  the 1980s, to sprat, w hich 
becam e dom inan t during the 1990s (M öllm ann et 
al., 2005).

W ater tem peratures in  the survey area have been  
increasing since the 1900s, w ith  som e variability, and 
are currently w arm er th an  any m easured  during the 
past century (Figure 5.21b). Increased precipitation 
and  river run-off have accom panied the w arm er 
tem peratures. This directly affects the Baltic and  its 
Zooplankton com m unities by freshening surface 
w aters (M atthäus and  Schinke, 1999).
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Seasonal and interannual 
comparison o f select co-sampled 
variables in the eastern Gotland 
Basin (see Section 2.2.2 for an 
explanation o f this figure).
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Site 23: The Baltic Proper (central Baltic Sea)

M a iju  L eh tin iem i and  Julia F linkm an

Figure  5.22
Location o f  the Baltic Proper (Site 
23) survey area and the seasonal 
summary plots for Zooplankton, 
chlorophyll, and surface 
temperature in this area (see 
Section 2.2.1 for an explanation 
o f this figure). 0
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Z ooplankton  m onito ring  by the F innish Institute 
of M arine Research (FIMR; now  the Finnish 
E nvironm ent Institute) began  in  1979 after the 
H elsinki C om m ission (HELCOM) initiated 
cooperative environm ental m onito ring  of the Baltic 
Sea. M onitoring w as divided into four subareas, 
based  on differing hydrographic environm ents: 
B othnian Bay and  B othnian  Sea (see Sites 16-17), 
G ulf of F inland (see Site 19), and  the Baltic Proper 
(this site; Figure 5.22).

Z ooplankton  is collected in  A ugust, the  peak 
abundance period, using  a W P-2 ne t (56 cm 
diam eter, 100 pm  m esh). Z ooplankton  data for the 
Baltic P roper are an  average of four stations located 
w ith in  the eastern  and  northw estern  G otland  Basin. 
The hydrography of the Baltic P roper is characterized 
by strong  stratification, w hich  prevents mixing 
of the w ater colum n. W ater tem peratures are 
low est in  February-M arch and  w arm est in  A ugust 
(Figure 5.23a). A  stabile halocline is form ed at 
approxim ately 70 m  depth . W ater-colum n salinity 
varies from  6-8  psu  at the surface to 9-13 psu  in  the 
deeper w ater (Figure 5.23b and  c; L eppäran ta  and 
M yrberg, 2009). P ronounced  salinity stratification 
often leads to oxygen depletion  in  bo ttom  w aters. 
O nly irregular saltw ater in trusions from the N orth  
Sea ventilate the deep bo ttom  w aters of the central 
Baltic Sea. The general Baltic-wide decrease in 
salinity is the result of w arm er tem peratures and

increased precipitation/river run-off in  the Baltic. 
L ong-term  SSTs in  the Baltic P roper have been  
above the 100-year average since the late 1980s 
and  have repeatedly  been  at or above the 100-year 
m axim um  since 2000 (Figure 5.24, red dashed  line).

The dom inan t Zooplankton taxa are the copepods 
Acartia spp., Temora longicornis, and  Eurytemora spp. 
(Figure 5 .25b-d ).T he b iom ass of T. longicornis and 
Eurytemora spp., as well as th a t of ano ther copepod 
species, Centropages hamatus (Figure 5.25e), has 
been  steadily increasing from the start of the 
m onitoring  program m e. A t the sam e tim e, the 
b iom ass of the form erly dom inan t copepod species, 
Pseudocalanus elongatus, has been  decreasing (Figure 
5.25f; F linkm an et al., 2007). D uring  the past two 
years, the biom ass of the largest copepod species, 
Limnocalanus macrurus, has also b een  decreasing 
(Figure 5.25g).
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Figure 5.23
Seasonal and interannual 
comparison o f select hydrographic 
variables in the Baltic Proper (see 
Section 2.2.2 for an explanation 
o f this figure).

Figure 5.24
Long-term HadlSST sea surface 
temperatures for the Baltic Proper 
study area (see Section 2.2.3 for 
an explanation o f this figure).
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Figure 5.25
Seasonal and interannual 
comparison o f select Zooplankton 
wet mass and dominant taxa in 
the Baltic Proper (see Section 
2.2.2 for an explanation o f this 
figure).

g
C
<
5ftCTj

!
E

a, Total Wcl Mass (mg m 2)
0.50 - 

0.00 -  

-0-50

| - l  i  / . y ,  . i - ' , .  ' .

-i i i i i  i i i  i i i i i . i . i . i i i . * • * ■ * J ' * i * - * J • <■m—i—!— . . . . . .

1950 l% 0  1970

b- A cartia  s p p . (m g  m "2)

1980 1990 2000 2010

ec
< .■■I

1970 2010

it
Ecc

<

c. Temora longicornis (mg m 2)
I-00 
0.50 H 

0-00 -  

-0.50 - 

1-00 t

. . . „ I . . v , - . "  'i
■ 'T .................. i ..................... i .....................

1-00 -i
-
O 0.50 -
< 0-00 -
n
i -0 .50  -
S
£ -1.00 T*

1950 I960 1970 ¡980

d- E u ry te m o ra  s p p . (m g  m "2)

1990 2000 2010

■ V i^ L l v J  .

1950 I960 1970 ¡980

e. Centropages hamatus (mg m-2)

1990
T ïr T™ - m n
2000 2010

c
<

Ec
S

it
Eg
::

<
i1Í

2-00 
LOO 

0-00 
-1.00 -i

- 2-00 t

| |  I  ■  ■ T
■ . a l l i u n i .

-,  .----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

1950 I960 J97Ö 1980

f. P se u d o c a la n u s  s p p . (m g m "2}

1990 2.010

1.00 
0.50 

0-00 -  

-0.50 - 

- 1-00
T1

-i—i i i i — i i i —i—! ! ! i ! i • T 1  ' 1-------
1950 1960 1970 1980

g . r .im n o c a la n u s  m a c ru ru s  (m g  m -2)

1990 2000 2010

1  1 0 0  :sc
< 0.1X1 -

1950 1970 2010



ICES Z ooplankton  S tatus Report 2008/2009

Site 24: Arkona Basin (southern Baltic Sea)

Lutz Postel and Norbert Wasmund

i
1 ' 
1 * C ,4  Ô

Figure 5.26
Location o f the Arkona Basin 
(Site 24) survey area and the 
seasonal summary plots for 
Zooplankton, chlorophyll, and 
surface temperature in this 
area (see Section 2.2.1 for an 
explanation o f this figure).
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The A rkona Basin site (54°55'N 13°03'E) is one of 
six G erm an m onitoring  stations in  the Baltic and 
extends from  Kiel Bight to the eastern  G otland  Basin 
(Figure 5.26). A t this site, Zooplankton is collected 
five tim es a year, using a W P-2 n e t (56 cm diam eter, 
100 pm  m esh) and  sam pling from  the surface to an 
average dep th  of 25 m. A lthough  sam pling  began  
in  1979, som e years have been  poorly sam pled or 
com pletely m issed (e.g. 1990 and  1996). Chlorophyll 
is collected at standard  dep ths and  averaged for the 
0-10 m  layer at three locations surrounding  the 
Zooplankton sam pling station.

M axim um  Zooplankton abundances occur in 
M ay-A ugust (Figure 5.27a). The m esozooplankton  
com m unity  is dom inated  by Acartia spp. and 
Pseudocalanus spp. nauplii in early spring, followed 
by m eroplanktonic larvae (polychaetes) in March. 
Temora longicornis nauplii and  rotifers then  
dom inate during early May, w hereas the sum m er 
com m unities are dom inated  by bivalve larvae. 
Chlorophyll concentrations at the A rkona Basin site 
are usually  high, w ith  concentrations of m ore than  
2 pg  h 1 during m ost of the year, reaching 6 pg  h 1 
during the spring b loom  (Figure 5.27b).

M ass developm ent of rotifer populations in 
spring is responsible for the annual peaks of total 
Z ooplankton abundance seen in som e years (e.g. 
1981, 1988, 1997, and  2008), particularly in  those 
springs follow ing a m ild w inter. D uring sum m er, 
w h en  w ater tem peratures exceed 16°C (Figure 
5.27c), the cladoceran Bosmina coregoni becom es the 
dom inan t species.

From a biogeographical po in t of view, the A rkona 
Basin Zooplankton com m unity  reflects a transition  
b etw een  the dom inating  m arine species assem blage 
in the w estern  Baltic Sea and  the euryhaline and 
brack ish-w ater taxa in  the Baltic Proper. L ong-term  
variability is caused by salinity and  tem perature 
influences as w ell as by the trophic interactions and 
state of the Baltic Sea (Flinkm an and  Postel, 2009). 
W ater tem perature, Zooplankton abundance, and 
chlorophyll have dem onstrated  a positive trend  
since the beg inn ing  of the tim e-series in  1979. The 
long-term  record in  regional SST values reveals that, 
since 1999, this region has experienced a particularly 
w arm  period, w ith  tem peratures frequently  h igher 
th an  the 100-year m axim um  observed prior to 2000 
(Figure 5.28, red dashed  line).
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F ig u re  5.27
Seasonal and interannual 
comparison o f select co-sampled 
variables in the Arkona Basin 
study area (see Section 2.2.2 for  
an explanation o f  this figure). 1
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6. ZOOPLANKTON OF THE 
NORTH SEA AND ENGLISH 
CHANNEL
Steve Hay, Tone Falkenhaug, Lena Omii, M aarten Boersma, Jasmin Renz, 
Claudia Halsband-Lenk, Tim Smyth, Roger Harris, Priscilla Licandro, 
and M artin Edwards

The N orth  Sea and  English C hannel (Figure 6.1) 
are classified by L onghurst (1998) as part of the 
N ortheast A tlantic Shelf Province (NASP). This 
extends from  no rth ern  Spain to D enm ark  and  is 
separated  from  the A tlantic Subarctic Region by the 
F aroe-Shetland  C hannel and  the N orw egian Trench. 
The NASP follows the classic seasonal p a tte rn  for 
tem perate  regions: w ell-m ixed conditions in  w inter, 
w hen  nu trien ts are replenished and  light is lim ited; 
a strong  spring bloom , becom ing nu trien t-lim ited  
as sum m er stratification sets in; and  a m ore or less 
p ronounced  secondary bloom  during au tum n, as 
increased m ixing breaks dow n the therm ocline to 
release nu trien t supplies. This general p a tte rn  is 
often broken  up by locally strong tidal and  shelf 
fronts (Pingree and  Griffiths, 1978), w here prim ary 
and  secondary production  is often enhanced, and 
m ay lead to subsurface bloom s, at tim es extensive. 
The Zooplankton in  the shelf areas of the region 
is a characteristic m ixture of neritic species, w ith 
strong seasonal com ponents of benthic larvae 
(m eroplankton; B eaugrand et al., 2002a, 2002b; 
Vezzulli and  Reid, 2003), and  w ith  occasional and 
tem porary  influxes of oceanic species. Several of 
the com m on neritic species overw inter as resting 
stages, w hereas o ther ho lop lankton  species rem ain 
m ore or less active all year.There are also substantial 
problem s w ith  harm ful algal bloom s, alien-species 
introductions, and  local areas w ith  evidence of

eutrophication, all influencing the Zooplankton 
ecology in  the region.

The north-flow ing  C ontinen tal Slope C urren t in 
the w est, flowing off the Iberian peninsula, carries 
oceanic p lank ton  com m unities (Lusitanian fauna) 
th a t becom e en trained  to varying degrees into the 
coastal seas. Evidence suggests a streng then ing  of 
this influx in  recent years. These m ixed coastal and 
oceanic w aters form  influxes into the Bay of Biscay, 
the Celtic and  Irish seas, and  th rough  the English 
C hannel into the shallow  sou thern  N orth  Sea, 
w here the flow  is eastw ard along the continental 
m argin. These mixed w aters and  p lank ton  are also 
carried into the Irish and  Scottish w estern  shelf 
seas and  form  m ajor inflows into the deeper basin  
of the no rth ern  N orth  Sea via the Fair Isle inflow 
and  inflows east of the Shetland Isles. The no rthern  
N orth  Sea is a fairly deep basin, w hich shelves in 
the w est to the Scottish m ain land  and  no rthern  
islands, w ith  the deep N orw egian Trench in the 
east shelving into the fjordic coast of Norway. The 
deeper no rth ern  basin  shallow s distinctly into the 
central and  sou thern  N orth  Sea, w here p rom inent 
topographic features are D ogger Bank in  the w est, 
and  the Skagerrak and  entrance to the Baltic Sea 
in the east. The residual N orth  Sea circulation is 
anticyclonic, w ith  inputs from  the surface outflow  
of the low -salinity  Baltic Sea in the east and from
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m ajor rivers and  coastal estuaries. The w hole 
em pties northw ards along the N orw egian coast, 
follow ing the N orw egian Trench northw ards into 
the N orw egian Sea.

Surrounded  by active and  prosperous countries, this 
m aritim e region provides a w ide range of ecosystem  
services (e.g. fish and  shellfish harvests, energy 
production, transport, and  tourism ) and, historically, 
is perhaps the m ost studied m arine area on earth. 
In  addition  to the venerable and  com prehensive 
m on th ly  series of C ontinuous P lank ton  Recorder 
(CPR) surveys (conducted since before 1948), there 
are significant coastal tim e-series of p lank ton  
collections and  environm ental data .T he m ain  tim e- 
series th a t sam ple Zooplankton are: H elgoland 
Roads (G erm an Bight; since 1975), P lym outh 
L4 (w estern English C hannel; since 1988), Dove 
(w estern central N orth  Sea; since the m id-1970s), 
S tonehaven (northw estern  N orth  Sea; since 1997), 
A rundel (eastern central N orth  Sea; since 1994), 
and  the new  Loch Ewe station (northw est Scotland; 
since 2002).

In  addition  to direct ou tpu t of im portan t results 
from  the tim e-series, there are m any related  surveys 
and  studies.T he tim e-series often provide sam pling 
opportunities, essential context, background, 
and  enhanced  in terpre tation  for sho rt-term  and

intensive research  on physiological rates and 
processes in  the p lankton, ben tho-pelag ic  coupling, 
fish recruitm ent, etc. Together w ith  such studies, 
the tim e-series have explored and  defined seasonal 
pa tterns of p lank ton  species, population  dynam ics 
and  phenology, productivity, climate effects and 
regim e shifts, fishery recruitm ent, and  m any o ther 
issues.These and  o ther regional tim e-series datasets 
also gather phytoplankton  and  environm ental data; 
therefore, the com bined tim e-series data  continue to 
m ake substantial contributions to the developm ent, 
param eterization , and  validation of population  
dynam ics and  ecosystem  m odels. H istorical and 
recent studies, plus those in  progress, continue to 
add  to our know ledge and  unders tand ing  of m arine 
biology and  ecology.The com bined data  and  m odels 
provide for m ore holistic ecosystem  perspectives 
and  for assessm ent of status and  trends in  these 
productive and  often stressed m arine ecosystem s.

Analysis of p lankton, fisheries, oceanographic, and 
m eteorological data in  recent years, particularly data 
related  to the CPR survey, dem onstrates th a t the 
region has been  subject to a series of regim e shifts 
and  changes associated w ith  changes in the climate 
and  global-ocean system s (Reid and  Edwards, 
2001a, 2001b; Edwards et al., 2002; B eaugrand and 
Reid, 2003; B eaugrand et al., 2003; A lheit et al., 2005). 
These changes in w ater-m ass fluxes and  properties,

Figure 6.1
Locations o f North Sea and 
English Channel survey areas 
(Sites 25-29) plotted on a map of 
average chlorophyll concentration 
(see Section 2.3.2).
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such as tem peratures, m ixing depths, and  seasonal 
stratification, have seen corresponding shifts in 
diversity, niche ranges, and  phenology  of species 
and  com m unities (Lindley and  Batten, 2002; Lindley 
and  Reid, 2002). Such changes have also b een  seen 
in  fish, and, in  general, they  m irror the often less 
dram atic climate effects on terrestrial ecosystem s 
and  species. Increasingly, p lank ton  is be ing  studied 
and  m odelled on ocean-basin  scales, for example, 
in  relation to changes seen along the eastern  
seaboard  of the US and  Canada, around  Iceland, 
Faroes, Norway, and  into Subarctic and  Arctic 
seas. N ot only do ocean-clim ate changes affect the 
geographic ranges of p lank ton  and  the seasonal 
tim ing of their life cycles, bu t different species 
are affected differently and  respond  variously to 
change. Effects on p lank ton  com m unities propagate 
th rough  species in terdependence in  foodw ebs, thus 
affecting patterns of grow th, developm ent, survival, 
and  productivity.

The com bination  of climate change and  overfishing 
in  the N orth  Sea has seen  shifts in  the patterns of 
foodw eb fluxes and  productivity in  recent years. 
C hanges in p lank ton  production, biodiversity, 
species distribution, com m unity com position, and 
phenology  are related to effects on  fish and  o ther 
species. M ost of these changes are correlated 
w ith  shifts in  climate indices, such as the N orth  
A tlantic Oscillation (NAO), particularly w ith 
no rth ern  hem isphere tem perature, w hich has been  
increasing for >30 years and  w arm ing  the European 
continental shelf surface w aters. M any p lank ton  
and  fish species have dem onstrated  northw ard  
shifts in  distributions in  the N ortheast A tlantic 
region (some by >1000 km) over the past 50 years 
(Edwards et al., 2001, 2002; Reid and  Edwards, 
2001a; Beaugrand, 2003; B eaugrand et al., 2002b; 
B eaugrand and  Reid, 2003; Brander et al., 2003; 
Edwards and  Richardson, 2004; G enner et al., 2004; 
R ichardson and Schoem an, 2004; Southw ard et al., 
2004; A lheit et al., 2005; Brander, 2005; H eath , 2005; 
L eterm e et al., 2008).

Som e exam ples include 40 years of declining 
abundance and  northw ard  retreat of the no rthern  
boreal copepod Calanus finmarchicus, w ith  
sim ultaneous increase in  its sou thern  tem perate 
congener Calanus helgolandicus. Since the 1960s, 
in the N orth  Sea, the b iom ass of C. finmarchicus, 
previously a dom inant, declined by 70%, as the 10°C 
isotherm  m oved northw ards by m ore th an  21 km 
yearn1 (H elaouët andB eaugrand, 2007) .Seasonal and 
in te rannua l changes in the relative abundance of 
m erop lank ton  larvae of ben th ic  invertebrates have 
b een  observed (Kirby and  Lindley, 2005).There have 
b een  indications of increased jellyfish abundance 
(Lynam et al., 2005; Attrill et al., 2007), w ith  notable 
increases and  incursions of the oceanic scyphozoan 
Pelagia noctiluca in to  w estern  shelf areas, causing 
m ortalities in  farm ed salm on (Licandro et al., 
2010). Some species, such as the dinoflagellate 
Ceratium, have dem onstra ted  dram atically reduced 
abundance in  recent years (Edwards et al., 2009). 
A ppearances of "alien" species have b een  noted, 
such as the voracious ctenophore Mnemiopsis leydii 
(Oliveira, 2007) and  the cladoceran Penilia avirostris 
(Johns et al., 2005) in the Baltic Sea and  in  no rthern  
E uropean coastal w aters, from  D utch  w aters to as 
far no rth  as sou thern  Norway.

Species declines, losses, shifts, in troductions, and 
an  increased presence of invertebrate p redators are 
occurring in  the N orth  Sea.These changes influence 
recruitm ent, mortality, and  resource supply to 
the ben thos and  to h igher predators, such as 
pelagic and  dem ersal fish, seabirds, and  m am m als 
(Lindley et al., 2002; H eath , 2005; Frederiksen et 
al., 2006). C hanges affect and  propagate th rough  
foodw ebs, w ith  potentially  critical m ism atches 
betw een  predators and  prey. B rander (2005) has 
dem onstrated  th a t declining cod populations, while 
affected by fishing pressure, m ay also be responding  
to changes in  availability of Zooplankton food 
for their larvae. A lthough these clim ate-related 
changes form  a general p a tte rn  in the N ortheast 
A tlantic, there are regional differences, w ith  the 
sou thern  N orth  Sea w arm ing faster th an  the deeper 
no rth ern  basin. There is variability am ong  species 
in their sensitivities, adaptive capabilities, and 
responses. It is becom ing increasingly evident tha t 
future changes in p lank ton  populations will affect 
ecosystem  services ranging  from  biogeochem ical 
cycles to the survival and  production  of fish, birds, 
and  m am m als.
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Site 25: Arendal Station 2 (northern Skagerrak)

Tone Falkenhaug and Lena Omii
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Figure 6.2
Location o f the Arendal Station 
2 (Site 25) survey area and 
the seasonal summary plots 
for Zooplankton, chlorophyll, 
and surface temperature in this 
area (see Section 2.2.1 for an 
explanation o f this figure).
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The A rendal sam pling site (northern  Skagerrak) is 
located at 58°23'N  8°49'E, approxim ately 1 nautical 
mile offshore from  the Flodevigen Research Station 
(N orw egian Institu te of M arine Research, IMR) off 
sou thern  N orw ay (Figure 6.2).The w ater d ep th  at the 
site is 105 m. Sam pling for hydrographic param eters 
and  abundance of phytop lankton  and  Zooplankton 
(biomass and  species) has been  carried out twice a 
m on th  since January 1994. Z ooplankton  is sam pled 
fortnightly  w ith  a W P-2 n e t (56-cm diam eter, 180 
pm  m esh) tow ed vertically from a dep th  of 50 m  to 
the surface. Each sam ple is split in half, providing 
data on b o th  species com position-abundance and 
biom ass.

The A rendal sam pling site is influenced by relatively 
fresh coastal w aters (25-32 psu) in the upper 30 m 
and  by saltier Skagerrak w ater (32-35 psu) in the 
greater depths. W ater m ovem ent is generally 
w estw ard  and  is caused by the coastal current 
bring ing  low -salinity  w ater from the Baltic Sea 
and  K attegat. The site is also influenced by A tlantic 
w ater (>35 psu) advected from the N orw egian Sea 
into the Skagerrak D eep during w inter. Together, 
these influxes create a relatively large seasonal 
cycle in  salinity (Figure 6.3d). The seasonal 
m in im um  tem perature in  the surface layer (Figure 
6.3c) generally occurs in February (2°C) and  the 
m axim um  in A ugust (>20°C). A t 75 m, the variation 
is less p ronounced  (m inim um  4°C in February- 
M arch to m axim um  14°C in A ugust-Sep tem ber). 
A lthough the w ater colum n is m ixed th roughout 
w inter, increased freshw ater run-off causes a strong 
halocline to appear from February/M arch to June 
(Figure 6.3d). A  spring b loom  usually  occurs in

A pril-M arch, dom inated  by diatom s. Chlorophyll 
values (Figure 6.3b) are generally low  during 
sum m er (M ay-August), follow ed by an  au tum n 
bloom  of dinoflagellates in  A ugust-Septem ber. In 
sum m er, the w ater rem ains stratified because of 
surface heating . D uring the past 20 years, a trend  
tow ards h igher tem peratures has b een  observed in 
Skagerrak, b o th  in surface and  deeper layers. Since 
2001, w ater tem peratures in  the region have been  
h igher th an  those seen in the past 100 years (Figure 
6.4).

The seasonal m axim um  in Zooplankton biom ass 
generally occurs in  A pril-M ay (Figure 6.3a), w ith  a 
secondary, sm aller peak  occurring in July-A ugust. 
Farge in terannual differences can be seen in  the 
observed b iom ass of Zooplankton, w ith  m axim um  
values in 2003 and  m in im um  values in  1998. A 
general increase in  b iom ass and  abundance was 
observed from 1998 to 2003, bu t a lesser abundance 
overall w as observed in 2004-2008 (Figure 6.3a). 
The observed lesser abundance in  recent years 
is especially p ronounced  in  the late sum m er 
peak  (July-August). This is m ainly caused by the 
reduced abundance of the copepods Oithona spp. 
and  the Para- and  Pseudocalanus spp. in  the period 
2004-2008 (Figure 6.5a). The seasonal m axim um  
in Zooplankton b iom ass (April-M ay) is dom inated  
by Calanus finmarchicus (Figure 6.5b), w hereas 
the secondary peak (July-August) is dom inated  
by sm aller copepods (Para- and  Pseudocalanus, 
Oithona, Acartia, Temora). The im portan t com m on 
copepod genus, Calanus, is rep resen ted  by 
three species at the A rendal sam pling site: C. 
finmarchicus, C. helgolandicus, and C. hyperboreus. C.

8 4 /8 5
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finmarchicus is the m ost abundan t species during 
spring. This species overw inters in the Skagerrak 
D eep (N orw egian Trench, 20 nautical m iles farther 
offshore from  this sta tion). In terannual variability in 
overw inter survival and  advection is likely to affect 
the population  dynamics. C. helgolandicus generally 
occurs in  sm aller num bers th an  C. finmarchicus, 
a lthough  the p roportion  of C. helgolandicus 
increases from spring (<10%) to au tum n (>80%). 
C. hyperboreus is rarely observed in  spring (M arch- 
April) and is associated w ith  the influx of A tlantic 
w ater from  the N orw egian Sea.

The invasive ctenophore species Mnemiopsis leidyi 
w as observed in Skagerrak for the first tim e in  2006. 
Since then , this species has occurred in  h igh densities 
at A rendal Station 2 in late su m m er-au tu m n  each 
year. The seasonal peak of M . leidyi coincides 
w ith  m axim um  tem peratures in  the surface w ater 
(>20°C), w hich occur after the seasonal m axim um  
in Zooplankton abundance.

Figure 6.3
Seasonal and interannual V  3comparison o f select co-sampled i
variables at Arendal Station 2 (see

I  °' 'Section 2.2.2 for an explanation EC.

o f this figure). “  -3 - 
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Figure 6.4
Long-term comparison o f  Arendal 
Zooplankton (total dry mass) 
with copepod abundance in CPR 
standard area B Í and HadlSST  
sea surface temperatures for the 
region (see Section 2.2.3 for an 
explanation o f this figure).

Figure 6.5
Annual average abundance (a) 
and monthly average abundance 
(b) o f six major copepod genera at 
Arendal Station 2.
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Site 26: Helgoland Roads (southeastern North Sea)

Maarten Boersma and Jasmin R em

Figure 6.6
Location o f the Helgoland Roads 
(Site 26) survey area and the 
seasonal summary plots for  
Zooplankton, chlorophyll, and 
surface temperature in this 
area (see Section 2.2.1 for an 
explanation o f this figure). ô ç 0 p ô ô O ô o o
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The H elgoland Roads tim e-series w as started  in 
1975 by W ulf Greve, initially at the Biologische 
A nstalt H elgoland Institu te and  later continued 
in  cooperation w ith  the G erm an C entre for 
M arine Biodiversity and  the Federal M aritim e and 
H ydrographic Agency. Every M onday  W ednesday 
and  Friday two oblique p lank ton  n e t sam ples 
(150 pm  and  500 pm  m esh) are collected from  the 
m onitoring  site, w hich is located at 54°11'18"N  
7°4'E (Figure 6.6). From each sam ple, alm ost 
400 taxonom ic entities of ho lop lankton  and 
m eroplankton  (e.g. ben th ic  and  fish larvae) are 
identified and  counted  for abundance, m aking 
the H elgoland Roads tim e-series one of the finest 
W GZE sites in b o th  taxonom ic and  sam pling 
resolution.

The purpose of the H elgoland Roads program m e is 
to m on ito r and  docum ent h igh-frequency p lankton  
population  dynam ics for the recognition of variances 
and  irregularities in distributions, such as changes 
in  biodiversity caused by external factors. A w ealth  
of publications and  m aterial available about the site 
cover the use of several analytical techniques, the 
types of inform ation extracted from  the data, and 
m odels on prognosis for Zooplankton dynam ics on 
several tim e-scales (H eyen et al., 1998; Johannsen 
et al., 1999; Greve et al., 2001, 2004; W iltshire et al., 
2008).

At the H elgoland Roads sam pling  site, small 
copepods, m ostly  Acartia clausi, Temora longicornis, 
and  Pseudocalanus spp. (Figures 6 .7b-d), represen t 
a significant fraction of the total Zooplankton 
population . Seasonal and  in terannual variations in

the num bers of sm all copepods are large, b o th  in 
tim ing and  m agnitude. In  m ost years, m axim um  
density  occurs in  m idsum m er (Figure 6.7a, left), 
and  the 30-year tim e-series reveals clear decadal 
variability (Figure 6.7a, right). S tarting  w ith  a 
negative phase at the beg inn ing  of the tim e-series 
(1975), copepod abundance increased steadily 
and  w as consistently  h igher th an  average during 
m uch of the 1980s. A fter a period of transition  
(1990-1997), copepod density  decreased and  has 
rem ained in a negative phase, w here abundance 
is consistently  low. Values for the m onth ly  m ean  
copepod abundance by year (Figure 6.7a, right) 
reveal th a t years w ith  a strong positive annual 
anom aly  (e.g. 1983-1988) are characterized by an 
extended period of h igh  m axim um  abundance in 
m idsum m er, w hereas years w ith  a strong negative 
annual anom aly (e.g. 2003-2006) have a shorter 
period of lesser m axim um  abundance during 
m idsum m er.

Average SST anom alies at H elgoland Roads over the 
past 100 years reveal that, since 2000, the average 
w ater tem peratures at the site have b een  at or above 
the 100-year m axim um  (Figure 6.8c, red  dashed 
line). A nom alies in SST values and  small copepod 
abundance seem  to be inversely related, w ith  the 
low est copepod abundance occurring during the 
past few years of h ighest w ater tem peratures 
(Figure 6.7a and  e). Further research is needed  
to determ ine w h eth er this is the result of a direct 
causal relationship (i.e. biophysical factors w ith in  
the copepod organism s), or the effect of tem perature  
on food availability or p redato r pressure.
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The CPR standard  area nearest to H elgoland Roads 
is D1 (see Section 2.3.3). Like the H elgoland Roads 
data, the CPR data clearly dem onstrate  th a t copepod 
abundance has en tered  a phase of negative and 
decreasing annual anom alies since 1988 (Figure 
6.8b). A  com parison of the H elgoland Roads and 
CPR data  suggests a tim e-lagged synchrony in 
copepod abundance, w ith  the H elgoland Roads 
abundance anom alies be ing  ahead  of the CPR 
anom alies by 3-5 years. The relationship  betw een

CPR copepod abundance and  w ater tem perature 
(Figure 6.8b and  c) has b een  variable, sw itching 
from  positive to negative th roughou t periods in 
the tim e-series. Increases in  w ater tem perature 
around  the shallow  H elgoland Roads site have 
been  m ore dram atic th an  those in  the N orth  Sea 
as a w hole, w hich m ay explain w hy the changes in 
the copepod population  occur m ore rapidly th an  in 
those sam pled in  the larger w ater body w ith in  the 
CPR standard  area.
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Figure 6.8
Long-term comparison of
Helgoland Roads small copepod 
abundance with copepod
abundance in CPR standard area 
D1 and HadlSST sea surface 
temperatures for the region (see 
Section 2.2.3 for an explanation 
o f this figure).
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Site 27: Stonehaven (northwestern North Sea)

Steve Hay

Figure 6.9
Location o f the Stonehaven (Site 
27) survey area and the seasonal 
summary plots for Zooplankton, 
chlorophyll, and surface 
temperature in this area (see 
Section 2.2.1 for an explanation 
o f this figure).
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The S tonehaven sam pling site is located at 
56°57.80'N  02°06.20'W  (Figure 6.9), approxim ately 
5 km  offshore from  S tonehaven, a sm all tow n  28 
km  south  of A berdeen, in a w ater dep th  of 50 m. 
Sam pling is carried out by the M arine Scotland 
Science team  from  the MV "Tem ora", a 10-m  
catam aran. W eekly sam ples have b een  taken  since 
January 1997 for the determ ination  of hydrographic 
param eters and  concentrations of inorganic 
chem ical nu trien ts (u s in gw aterbo ttlesand  reversing 
digital therm om eters) and  for the abundance of 
phytoplankton  and  chlorophyll (using a Lund tube, 
in tegrating  0-10 m) and  of Zooplankton species.

Z ooplankton  are collected using a bongo n e t (40 cm 
diam eter, 200 pm  m esh) and  flowm eter, and, since 
1999, detailed taxonom ic analysis has b een  carried 
ou t on the m esozooplankton  and  phytop lankton  
sam ples. The 40-cm  bongo n e t sam ples are also 
collected w ith  a fine m esh  (95 pm  from  1997 to April 
2001, th en  68 pm  to the present). These fine-m esh  
sam ples are currently  archived and  no t analysed 
because of the lim ited availability of tra ined  staff. 
The site is also sam pled for m acroplankton, using 
a ringnet (100 cm diam eter, 350 pm  m esh) w ith  a 
double oblique tow  at 2 knots; these sam ples are 
also archived. A  recent project is currently analysing 
these m acroplankton sam ples using  a ZooScan 
system  and  au tom ated  species-group recognition.

O ther sam pling  at the site is done in  support of 
a variety of tim e-lim ited  research  projects tha t 
study aspects of the coastal species or ecology in 
m ore detail. The S tonehaven tim e-series sam ples 
are collected consistently  and  at a relatively h igh  
frequency, affording insight into the seasonal 
dynam ics and  succession of p lankton  species

th roughou t the annual cycle.This tim e-series dataset 
provides excellent background and  context b o th  for 
experim ental w ork and  for m ore intensive or focused 
studies of individual species groups, ecosystem  
dynam ics, rates, and  processes. S trong support is 
provided for m odel developm ent and  validation, 
w hereas com parisons w ith  o ther m onito ring  sites 
assess and  consider local variability relative to 
b roader pa tterns of ocean-clim ate change.

The objective of the sam pled tim e-series is to 
establish a m onitoring  base for assessing the status 
of the Scottish coastal ecosystem  and  to gauge 
responses to climate change. C om parison of the 
results w ith  archived regional data on  tem perature, 
salinity, nutrients, and  phytop lank ton  chlorophyll a 
indicates th a t the site provides a reliable index of 
the state of the coastal w aters. The biological data 
illustrate the consistencies and  variability in  seasonal 
life cycles of p lank ton  species and  their abundance. 
There are significant seasonal and  in terannual 
differences (Figure 6.10). The w ater colum n at the 
sam pling site rem ains well m ixed th roughou t m uch 
of the year, w ith  the exception of sum m er and  early 
au tum n, w hen  surface heating  and  calm w eather 
often cause tem porary  therm oclines to appear. 
O ccasional haloclines are transien t and  depend  
largely on  periods of extensive riverine inpu t and 
land  run-off to surface layers in the coastal area. 
The seasonal m inim um  tem perature  of ca. 6°C 
generally occurs in  late February-early  M arch and 
rises to ~12-14°C in A ugust (Figure 6.10c). W ater 
m ovem ent is generally southerly, w ith  fairly strong 
tidal currents and  a local tidal excursion of ca. 10 
km.
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The H adlSST tem peratures m odelled for the 
area are broadly  in  good agreem ent w ith  field 
m easurem ents. This long tim e-series indicates 
th a t sea tem perature  around  the site has increased 
distinctly over the period since sam pling started  in 
1997 (Figure 6.11).

The origins of the w ater passing  dow n the Scottish 
east coast lie m ainly n o rth  and  w est of Scotland 
and  are a variable flux of mixed coastal and  oceanic 
A tlantic w aters. T hroughout late sum m er and 
autum n, the sam pled salinity and  species indicate 
a variable, b u t often significant, increase in  the 
proportion  of A tlantic w ater passing  the site. The 
w ider no rth ern  N orth  Sea has dem onstrated  a 
slight w arm ing trend  over the past 50 years, w ith 
tem peratures in recent years be ing  h igher than  
those seen over the past 100 years (Figure 6.11c, 
red dashed  line). From hydrographic data m easured 
directly at the S tonehaven site, tem perature 
tends to vary sm oothly, w hereas salinity displays 
considerably m ore annual variation.

At the tem perate S tonehaven site, annual cycles are 
evident in  all of the m easured  variables. For example, 
the concentration  of nitrate, a vital nu trien t, rises as 
it is replenished during w in ter (Figure 6.10e), w hen  
bo th  light levels and  tem perature  are too low  for 
phytoplankton  grow th. The n itrate concentration 
th en  falls, often abruptly, w ith  the grow th of the 
spring phytop lankton  b loom  in M arch-A pril 
(Figure 6.10b).This grow th uses up n itrate and  o ther 
nutrients, such as the silicate needed  by diatom s, 
and  accelerates as sea tem perature increases. 
T hroughout sum m er, these phytoplankton, w hich 
are n itrogen -dependen t, rely on regenerated  nitrate 
and  am m onia supplied by microbial action and 
Zooplankton excretion.

Zooplankton, in  turn , feed on phy toplankton  and 
on each o ther and  increase in  abundance after the 
spring phytop lankton  bloom . A fter a la te-sum m er 
peak, w hich coincides w ith  peak  tem perature  
in  A ugust-Septem ber, Zooplankton abundance 
th en  declines as w in ter approaches and  food 
again becom es light-lim ited  and  scarce. In  order 
to survive w inter, som e species, such as the large 
copepod genus Calanus and  euphausiids, build 
up oil reserves, w hereas others rely on resting 
eggs. Some com m on neritic copepods, such as 
Temora longicornis and  Acartia clausi, lay eggs tha t 
lie do rm an t on the seabed during w inter. O ther 
species, such as the copepod Centropages typicus 
and  the p lanktonic m ollusc Limacina retroversa, are 
no t residen t th roughou t w inter, bu t are reseeded 
each year, carried by the circulation and  influx of 
m ixed coastal and  oceanic w aters from  the north

and  from  areas sou th  and  w est of Scotland. Some 
species sim ply survive on w hatever they  find to eat 
th rough  w inter. A lthough the patterns are broadly 
consistent, the dynam ics of seasonal cycles vary 
betw een  years for b o th  the environm ental and 
species com ponents of the ecosystem .

Several Zooplankton species are of particular 
in terest because they  m ay be b iom ass-dom inan ts 
or indicators of changing conditions. Some 
dem onstrate  w ide variations in  their annual 
abundance patterns. Overall copepod abundance 
w as low er th an  average in  1997 and  1998, increased 
slowly th rough  2000-2003, and, since 2006, after two 
m ore average years in  2004 and  2005, has increased 
again. A n example of th is variation is the im portan t 
copepod genus Calanus, w hich is rep resen ted  by 
two species in  Scottish seas: C. finmarchicus and  C. 
helgolandicus. H istorically m ost abundan t in  spring 
and  sum m er, the arctic-boreal C. finmarchicus is an 
im portan t species w ith  a large spring influx arising 
from  the w in ter diapause in  deeper w aters off the 
edge of the continental shelf. This species provides 
food for m any fish larvae in spring. However, there 
has b een  a 50-year decline in the abundance of 
C. finmarchicus, w hereas C. helgolandicus, a m ore 
southerly  species, generally m ost productive in 
sum m er and  autum n, has dem onstra ted  increased 
abundance and  productivity in this region, 
becom ing approxim ately tenfold m ore abundan t 
th an  C. finmarchicus. Indeed, C. helgolandicus 
had  becom e one of the top ten  m ost num erically 
abundan t species by 2007. Both Calanus species 
have dem onstra ted  increased abundance over the 
past three years. It is notable th a t anom alies in  the 
in terannual abundance of som e p lankton  predators, 
such as the copepod genus Oithona and  the arrow  
w orm s (Chaetognatha, Sagitta), w hich feed on  the 
copepods and  their larvae, follow in terannual 
pa tterns similar to those of their m ain  prey.

A no ther example is the copepod species Eucalanus 
crassus, w hich has b een  seen regularly in small 
num bers at S tonehaven since 2003, m ainly in 
autum n. A fairly com m on species sou thw est of the 
UK, it w as very rare east of Scotland. This indicates 
an  environm ental change th a t now  perm its its 
survival in  the area, m ost probably an increased 
influx and  persistence of w arm er L usitanian  w aters 
th roughou t late sum m er and  into w inter. Catches 
of Sagitta setosa, also m ore com m on in sou thern  UK 
seas, have also b een  presen t in recent years, again 
m ainly in au tum n and  early winter.



ICES Z ooplankton  S tatus Report 2008/2009

C opepod abundance at S tonehaven has increased 
fairly steadily over the past ten  years. This is 
in  contrast to the decreasing trend  seen in  the 
offshore (open-w ater) CPR data from  the region 
(Figure 6.11b), particularly since 2005. The causes 
of th is discrepancy are no t understood , b u t it is 
probably the result of differences in  the sam pling 
m ethods and  in the hydrographic influences at the 
nearshore S tonehaven station, as com pared w ith  
the m uch w ider and  offshore region encom passed 
by the adjacent CPR survey tracks. It is w orth  no ting  
th a t there is m ore complexity in  reality th an  is 
evident in  the sam ples. Thus, in terpre tations m ust

be done carefully and, in  future, should em ploy 
m ore in tegrated  and  m ultidisciplinary approaches 
in order to increase our understand ing  of m arine 
ecosystem s.

D ata from  the S tonehaven site are regularly 
processed in  a database of M arine Scotland Science 
(formerly Fisheries Research Services) at the M arine 
Laboratory A berdeen (FRS MLA). Som e of these 
data  are available online at h ttp ://w w w .frs-scotland. 
gov.uk/D elivery/standalone.aspx?contentid=1144.
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comparison o f select co-sampled 
variables at Stonehaven (see 
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Figure 6.11
Long-term comparison of 
Stonehaven copepod abundance 
with copepod abundance in CPR 
standard area B2 and HadlSST 
sea surface temperatures for the 
region (see Section 2.2.3 for an 
explanation o f this figure).
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Site 28: Loch Ewe (northwest Scotland)

Steve Hay
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Figure 6.12
Location o f the Loch Ewe (Site 
28) survey area and the seasonal 
summary plots for Zooplankton, 
chlorophyll, and surface 
temperature in this area (see 
Section 2.2.1 for an explanation 
o f this figure).

The Loch Ewe sam pling site is located at 57°50.99'N  
05°38.97'W  (Figure 6.12) approxim ately 0.5 km 
offshore in a Scottish w est-coast sea loch in  a w ater 
dep th  of 35-40 m. To the no rth , the loch opens 
into the Scottish coastal sea basin  of the N orth  
M inch and  thence to the open  eastern  Atlantic. 
Sam pling, w hich began  in  April 2002, is sim ilar to 
th a t at the S tonehaven site and  is also carried out 
by the M arine Scotland Science team  from a local 
boat. W eekly sam pling for surface and  near-seabed 
tem perature  and salinity, and  for concentrations of 
inorganic chem ical nu trien ts, is carried out using 
w ater bottles and  reversing digital therm om eters. 
For chlorophyll, a F und  tube, in tegrating  0-10 m, 
is used. Phytop lankton  sam ples are collected from 
the F und  tube and  preserved in  2% FugoTs iodine 
in  dark bottles.

Z ooplankton  are collected using a bongo ne t (40 
cm diam eter, 200 pm  m esh), w ith  flowm eter, in 
vertical tow s from near-bo ttom  to surface and 
preserved in 4% borax-buffered form aldehyde. 
D etailed taxonom ic analysis is carried out on the 
m esozooplankton  (>200 pm) and  phytoplankton  
sam ples. A no ther pair of 40-cm  bongo n e t sam ples 
is collected w ith  a fine-m esh  (68 pm) net. These 
fine-m esh  sam ples are currently archived and  no t 
analysed, ow ing to the lim ited availability of trained 
staff.

Sam pling at the site also supports a variety of 
tim e-lim ited  research projects th a t study aspects of 
the coastal species or ecology in  m ore detail. The 
tim e-series sam ples are collected consistently  and 
at a relatively h igh frequency, affording insight into 
the seasonal dynam ics and  succession of p lankton  
species th roughou t the annual cycle. This tim e- 
series dataset provides excellent background and

context for m ore-in tensive or focused studies of 
individual species groups, ecosystem  dynamics, 
rates, and processes.T hese data also support m odel 
developm ent and validation, w hereas com parisons 
w ith  o ther m on ito ring  sites assess and  consider 
local variability relative to b roader pa tterns of 
species ecology or ocean-clim ate change.

The objective of the tim e-series is to establish a 
m onitoring  base for assessing the status of the 
Scottish coastal ecosystem  and  gauging responses 
to climate change. C om parison of the results 
w ith  o ther regional data on  tem perature, salinity, 
nu trien ts, and  phytop lankton  chlorophyll a indicates 
th a t the site provides a reliable index of the state 
of the coastal w aters in  no rthw est Scotland. The 
biological data illustrate the consistencies and 
the variability in  seasonal life cycles of p lankton  
species and  their abundance. There are significant 
seasonal and  in terannual differences. A lthough 
this tim e-series so far is too short for full statistical 
analysis of in terannual patterns, it already provides 
data  on  seasonality  and  can be com pared w ith  and 
contrasted  to o ther longer-term  m onitoring  data.

M ost of the w ater colum n at the site is w ell mixed 
th roughou t m uch of the year. Fiowever, because 
it lies in  a sem i-enclosed sea loch, it is affected by 
river and  land  run-off, w hich is reflected in  the 
surface w ater as low er salinities, particularly in 
au tum n-w in ter, w hen  freshw ater inputs are high. 
In sum m er and  early autum n, surface heating  and 
calm w eather cause tem porary  therm oclines to 
appear. The seasonal m inim um  tem perature  of ca. 
8°C generally occurs in  m id-M arch and  rises to 
~12-14°C  in A ugust-S ep tem ber (Figure 6.13c, left). 
The w in ter tem peratures in  the loch are generally 
ca. 1.5°C h igher th an  in  the exposed N orth  Sea site
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at S tonehaven on the Scottish east coast. It is also 
noticeable th a t the sea cools m ore slowly th rough  
au tum n and  w in ter in th is sem i-enclosed loch than  
at the S tonehaven site. W ater m ovem ent in  this 
fjordic loch is com plex and  strongly influenced by 
w ind and  tide. The loch faces n o rth  and  has quite 
strong tidal currents, w ith  variable exchange w ith 
the coastal sea of the N orth  M inch.

The H adlSST tem peratures m odelled for the area are 
broadly  in agreem ent w ith  field m easures. This long 
tim e-series indicates th a t sea tem perature  in  the 
w ider area around  the site has increased distinctly 
since the tu rn  of the century (Figure 6.14c). The 
origins of the w ater th a t exchanges into the loch 
are no t sim ply the Scottish Coastal C urrent w aters 
th a t flow n o rth  along the Scottish w est coast shelf. 
The N orth  M inch, w hich the loch faces, is affected 
by influxes of oceanic A tlantic w ater from  the 
northw est, particularly into  the deeper basin. W hen 
strong, this influx m ay influence exchange betw een  
the loch and  the adjacent coastal w aters, varying 
the environm ent, som etim es quite suddenly, and 
thus affecting the com position of flora and  fauna 
in  the loch.

As at the tem perate S tonehaven  site, annual cycles 
are evident in  all of the m easured  variables (Figure 
6.13). A  spring  b loom  of m esozooplankton  in 
M arch-A pril, w hich includes m any species groups 
(e.g. copepods, cladocerans, and  appendicularians), 
as w ell as m eroplankton, is increased th roughou t 
sum m er by a variety of p redatory  species, such 
as chaetognaths and  cnidarians, w hich consum e 
them  and thus lim it secondary production. This is 
som etim es follow ed by an  au tum n bloom  of varying 
strength  and  th en  a general decline in species 
abundance as tem perature, light, and  phytoplankton  
grow th fall th rough  late au tum n  and  winter.

Species such as the large copepod genus Calanus 
and  euphausiids build  up  oil reserves or simply 
survive on w hatever they  find to eat th rough  
w inter, w hereas o thers rely on dorm an t eggs or 
resting  stages. Som e neritic copepods tha t are 
com m on in the loch, such as Temora longicornis 
and  Acartia clausi, and  cladocerans such as Evadne 
nordmanni, lay eggs th a t lie dorm ant on the seabed 
during w in ter and  hatch  w hen  conditions im prove 
in  spring and  sum m er. O ther species, such as the 
copepods Centropages typicus and  Candacia armata, 
and  the p lanktonic m ollusc Limacina retroversa, are 
no t residen t th roughou t w inter, bu t are reseeded 
each year, carried by the circulation and  influx of 
m ixed coastal and  oceanic w aters from  the north , 
and  from  areas sou th  and  w est of Scotland. Patterns 
are broadly consistent, a lthough  the dynamics

of seasonal cycles vary betw een  years for the 
environm ental and species com ponents of the 
ecosystem.

Several Zooplankton species are of particular 
in terest because they  m ay be b iom ass-dom inan ts 
or indicators of changing  conditions. Some 
dem onstrate  w ide variations in their annual 
abundance patterns. Generally, copepod abundance 
has rem ained fairly stable in  the sea loch over the 
sam pled years, in contrast to the pattern  evident 
from  the nearest offshore CPR data from  CPR 
standard  area C4, w hich dem onstrates several years 
of decline in  copepod abundance (Figure 6.14b). 
This contrast is also evident w hen  com paring 
copepod num bers from  the S tonehaven inshore 
site and  from  the w ider sam pling of the CPR in the 
N orth  Sea. The diversity of species is h igher on the 
w est coast of Scotland, ow ing to the m ore direct 
influence of w aters and  com m unities of sou thern  
origin, and  this is reflected in  the sam ples from 
Foch Ewe, w hen  com pared w ith  S tonehaven in  the 
no rth ern  N orth  Sea on the Scottish east coast.

A t Foch Ewe, as at S tonehaven, the im portan t 
copepod genus Calanus is rep resen ted  by two 
species: C. finmarchicus and  C. helgolandicus. M ost 
abundan t in spring  and  sum m er, the arctic-boreal 
C. finmarchicus is an  im portan t species w ith  a 
spring influx th a t arises from the w in ter diapause in 
deeper w aters off the edge of the continental shelf. 
This species provides food for the region 's m any 
fish larvae in  spring; however, there has b een  a 50- 
year decline in  the abundance of C. finmarchicus 
in the region. C. helgolandicus, a m ore southerly  
species th a t does no t diapause in  w in ter and  is 
generally m ost productive in sum m er and  autum n, 
has dem onstrated  increased abundance and 
productivity in  th is region, becom ing considerably 
m ore abundan t th an  C. finmarchicus over the years. 
However, bo th  Calanus species have dem onstrated  
increased abundance over the past three years at 
b o th  S tonehaven and  Foch Ewe.The recent increase 
in w in ter survival of C. helgolandicus appears to have 
enhanced  its spring abundance, leading to increased 
populations, w hereas the spring  influx and 
productivity of post-d iapause  C. finmarchicus also 
seem s to have b een  greater in  the past two years. 
It is also notable th a t anom alies in the in terannual 
abundance of som e p lank ton  predators, such as 
the copepod genus Oithona and  the arrow  w orm s 
(Chaetognatha, Sagitta) th a t feed on  copepods and 
their larvae, track the copepod seasonal abundance 
cycle and follow sim ilar in terannual pa tterns 
as their m ain  prey. Cnidarian medusae, too, can 
be p resen t in  the loch in  great abundance, w ith  
different species having different seasonal peaks
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and  adding  to the p redation  pressure on the 
m esozooplankton, thereby  affecting phytoplankton  
grow th and  dynamics. As in  m ost coastal seas, and 
particularly evident in  the sem i-enclosed sea loch, 
the diverse larvae of benth ic invertebrates are m ajor 
com ponents of the m esozooplankton  biom ass and 
are p resen t th roughou t the year, w ith  peaks in 
spring and  autum n.

A nother example is the copepod species Eucalanus 
crassus, w hich has b een  seen regularly in  small 
num bers at S tonehaven since 2003, m ainly in 
autum n, w h en  it has also has b een  found  in Loch 
Ewe. A fairly com m on species sou thw est of the UK, 
it w as very rare in  Scotland's coastal w aters. This

indicates an environm ental change th a t now  perm its 
its survival in  the area, m ost probably an  increased 
influx and  persistence of w arm er L usitanian  w aters 
th roughou t late sum m er and  into w inter. Catches 
of Sagitta setosa, also m ore com m on in sou thern  UK 
seas, have also b een  taken  in recent years, again 
m ainly in au tum n  and  early winter.

D ata from  the Loch Ewe site are regularly processed 
in a database of M arine Scotland Science (formerly 
Fisheries Research Services) at the M arine 
Laboratory A berdeen (FRS MLA). Som e of these 
data  are available online at h ttp ://w w w .frs-scotland. 
gov.uk/D elivery/standalone.aspx?contentid=1144.
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Seasonal a n d  in te ra n n n a l  
com parison  o f  select co-sanipled  
variables a t Loch E w e (see 
Section 2 .2 .2  fo r  an e.rplanation 
o f  th is  figure).
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Figure 6.14
Long-term comparison o f Loch 
Ewe copepod abundance with 
copepod abundance in CPR 
standard area C4 and HadlSST 
sea surface temperatures for the 
region (see Section 2.2.3 for an 
explanation o f this figure).
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Site 29: Plymouth L4 (English Channel)

Claudia Halsband-Lenk, Tim Smyth, and Roger Harris
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Figure 6.15
Location o f the Plymouth L4 (Site 
29) survey area and the seasonal 
summary plots for Zooplankton, 
chlorophyll, and surface 
temperature in this area (see 
Section 2.2.1 for an explanation 
o f this figure).
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The Zooplankton tim e-series at P lym outh  Station L4 
(50°15'N 4°13'W ) in  the w estern  English C hannel 
now  spans more th an  20 years (Harris, 2010) .Weekly 
sam ples are taken  ca. 16 km  southw est of P lym outh 
(Figure 6.15), using a W P-2 n e t (56 cm diam eter, 
200 pm  m esh) tow ed vertically from the seabed 
at ca. 50-m  dep th  to the surface. The area around 
L4 is characterized by transitional m ixed-stratified 
w aters (Pingree and  Griffiths, 1978). Z ooplankton  
sam ples are split, and  organism s are counted  and 
identified to m ajor taxonom ic groups and  families. 
For som e groups, particularly copepods such as 
Calanus helgolandicus, organism s are identified to 
species level, partly  w ith  additional inform ation 
on sex and life stages. The sea surface tem perature  
(SST) has b een  m easured  using  a m ercury-in-glass 
therm om eter im m ersed in  an alum inium  bucket 
of w ater collected at the surface. Since 1992, w ater 
sam ples collected from a dep th  of 10 m  w ith  a N iskin 
bottle have b een  analysed to determ ine abundance 
and  to estim ate carbon biom ass of phytop lankton  
and  m icrozooplankton. O rganism s are counted  and 
identified at genus or species level using inverted 
microscopy. A t the sam e tim e, chlorophyll a triplicate 
m easurem ents are m ade using  a Turner fluorom eter 
after filtering and  extraction of sea surface w ater 
sam ples. N u trien t data (nitrate, nitrite, phosphate , 
and  silicate) are also available from  2000 onw ards. 
Since 2002, w ater-colum n profiles have been  
recorded w ith  a conductiv ity -tem pera tu re-dep th  
(CTD) instrum ent, providing tem perature, salinity, 
and  fluorescence data. All F4 data are m ain tained  at 
the P lym outh  M arine Faboratory and  are available 
online at the W estern C hannel O bservatory w ebsite 
(http://www.westemchannelobservatory.org.uk/).

In line w ith  observations around  the UK shelf 
seas, the w estern  English C hannel has w arm ed 
by 0.6°C per decade over the past 20 years. The 
greatest tem perature  rises follow ed a period of 
reduced w indspeeds and  enhanced  surface solar 
irradiation in  recent years (Smyth et al., 2010). Set 
in this context, S tation  F4 is continually  affected 
by the tide, w hich is associated w ith  an  interplay 
of regular estuarine outflow  from  P lym outh  Sound 
and  oceanic w aters com ing in  w ith  the dom inating  
southw esterly  w inds. The w ater colum n is w eakly 
stratified from  m id-A pril to Septem ber and  mixed 
during  w in ter (Pingree and  Griffiths, 1978); the 
m inim um  and  m axim um  surface tem peratures 
occur in  M arch (9.1°C) and  A ugust (16.4°C), 
respectively.The seasonal cycle of the phytop lankton  
com m unity  is characterized by spring diatom  and 
au tum n  dinoflagellate bloom s, bu t there is high 
in terannual variability in abundance and  floristic 
com position (W iddicombe et al., 2010). Since 1992, 
d iatom s and  Phaeocystis sp. have decreased, w hereas 
coccolithophores reveal an increasing trend.

The seasonal cycle of Zooplankton is characterized 
by a m axim um  peak  in  abundance in  April, followed 
by a slight decrease until A ugust, w h en  the sum m er 
phy toplankton  b loom  leads to a second increase in 
Z ooplankton abundance (Figure 6.16a). Z ooplankton 
abundance rem ains variable until O ctober and  is 
follow ed by a decrease in  N ovem ber-D ecem ber; 
the low est abundance occurs in  January-February, 
w hich also corresponds to the low est values in 
chlorophyll a and  phytop lank ton  abundance (Figure 
6.16b).

9 8 / 9 9
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Figure 6.16
Seasonal and interannual 
comparison o f select co-sampled 
variables at Plymouth L4 (see 
Section 2.2.2 for an explanation 
o f this figure).
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The m esozooplankton  com m unity at L4 is 
dom inated  by copepods, w hich represen t 69-74%  
of the total Zooplankton abundance and  include 
the m ost abundan t species in the to p -ten  ranking 
(Eloire et al., 2010). C opepod abundance does no t 
seem  to be related  to tem perature  or phytoplankton  
variations. Furtherm ore, Zooplankton abundance 
observed at L4 is no t synchronized w ith  the CPR 
abundance observed for the corresponding area 
(Figure 6.17b), suggesting th a t S tation  F4 m ay 
be influenced by the nearshore and  currents. 
A lthough correlations betw een  phytoplankton  
and  Zooplankton com ponents w ere generally no t 
significant, it is possible th a t copepod abundance 
responds to phytoplankton  abundance, w ith  a 1- 
to 2-year tim e-lag. M ore detailed investigations 
of relationships betw een  phyto- and  Zooplankton 
phenological pa tterns are needed  to understand  
p reda to r-p rey  relationships and  their im pact on 
abundance variability.

M eroplankton larvae play an im portan t role at 
F4 in certain seasons. C irripedes are abundan t in 
M arch and  April (Figure 6.16d) and  can account for 
up to 42.5% of the to tal Zooplankton com m unity 
follow ing spaw ning events linked to phytoplankton  
bloom s (Highfield et al., 2010). E chinoderm s reach 
large num bers in July and  A ugust (Figure 6.16e), 
w hereas lam ellibranches peak  in Septem ber and 
O ctober (not show n). Fittle evidence w as found  for 
any m ajor trends of change in the m eroplankton  
com m unity  (at the taxonom ic level exam ined) over 
the past 20 years.

A lthough  the com m unity  com position seem s to 
be stable, the in terannual variation in  Zooplankton 
abundance is im portan t bu t does no t dem onstrate 
any long-term  trend. N evertheless, periods w ith  
h igh  abundance are observable, e.g. in  the late 1980s 
and  2000-2004 (Figure 6.16a). The m ost recent 
year of the series, 2008, also dem onstrates positive 
anom alies for copepods and  o ther taxa (e.g. decapod 
larvae and  appendicularians; Figure 6.16f and  g). 
This enhanced  food supply m ay have provided 
favourable conditions for p lanktonic predators. For 
example, Sagitta setosa is an  im portan t p redator 
of Calanus helgolandicus at F4 (Bonnet et al., 2010) 
and  the abundance of m edusae and  chaetognaths 
w as above average in  2008 (Figure 6.16h and  i). In 
contrast, the  abundance of larvae of benthic anim als 
(echinoderm s, bivalves, and  gastropods) continued 
a negative trend  (Figure 6.16e, j, and  k).

The reversal of the negative trend  in the abundance 
of copepods, and  thus of overall Zooplankton, in 2008 
is paralleled by relatively cooler tem peratures in the 
P lym outh  F4 area and  a slightly positive chlorophyll 
anom aly  (Figure 6.16a-c) .This result streng thens the 
hypothesis th a t h igh -tem pera tu re  years correspond 
to below -average copepod abundance, a trend  
also seen in  local CPR data (Figure 6.17b). Prior 
to 2008, the years 2005-2007 had  b een  especially 
w arm , w ith  tem peratures at or above any recorded 
in the past 100 years (Figure 6.17c, red dashed  line).
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7. ZOOPLANKTON OF THE 
NORTHWEST IBERIAN 
PENINSULA
Juan Bueno, Angel Lopez-Urrutia, Carmen Rodriguez, M aite Alvarez-Ossorio, 
Antonio Bode, A na Miranda, Antonina dos Santos, and A. M iguel P. Santos

The oceanography of the n o rth  and northw est 
coasts of the Iberian pen insu la  fits the classical 
p a tte rn  of tem perate seas, w ith  a period of w ater- 
colum n stratification in  sum m er and  relatively 
strong m ixing during w inter. This region is an 
ideal ecological study area, ow ing to the gradient 
of environm ental changes found from  the Galician 
coasts to the inner Bay of Biscay. These gradual 
changes allow research into the effects of different 
ecological variables on  the p lank ton  com m unity. 
A n example of these environm ental gradients is the 
influence of the upw elling events characteristic of 
the coasts of Portugal and  Galicia during spring and 
sum m er. These events break the stratified upper 
layers of the w ater colum n, and  their influence 
can be noticed along the C antabrian  Sea, w ith  an 
eastw ard-decreasing in tensity  (Cabal et a l,  2008). 
A nother im portan t hydrographic elem ent is the 
Iberian Polew ard C urrent (IPC), north-flow ing, 
w arm  saline w ater from  the Portuguese continental

shelf, usually during D ecem ber, w hich turns 
eastw ards and  follows the G alician coast to reach 
the C antabrian  Sea (G onzález-N uevo and  N ogueira, 
2005). O ther im portan t hydrographic features tha t 
affect the p lank ton  com m unity and  dynam ics are 
slope-w ater, oceanic, anticyclonic eddies (Isla et 
a l,  2004), and  the subsurface front betw een  the 
subtropical and subpolar m odes of the E astern 
N orth  A tlantic C entral W ater (ENACW) off Cape 
Fisterra (Pérez et a l,  1993).The project RADIATES of 
the Institu to  Español de O ceanografía (h ttp ://w w w . 
seriestem porales-ieo .net) w as established in  1991 
and  conducts five m onth ly  transects perpendicular 
to the coast a long the no rth  and  northw est coasts 
of Spain.

http://www
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Figure 7.1
Locations o f the northwest Iberian 
peninsula survey areas (Sites 3 0 -  
34) plotted on a map o f average 
chlorophyll a concentration (see 
Section 2.3.2).

The sou thw est region of the Iberian peninsula 
features m any of the sam e hydrographic features 
described for the northw est Iberian coast, m ost 
notab ly  upw elling events during  spring  and 
sum m er, w ith  additional influences of buoyant river 
plum es (Peliz et al., 2002). The seasonal p lank ton  
cycle in  th is region does no t follow the classical 
p a tte rn  for tem perate  seas. The local p a tte rn  is 
transitional be tw een  the tem perate  and  the tropical 
type, p resen ting  fairly constan t values alm ost year- 
round. The factors th a t contribute to th is p a tte rn  are

probably related  to the location of the area, w hich is 
in an upw elling shadow  (Moita et al., 2003) th a t is 
considered to give som e stability during upw elling- 
favourable w inds, as w ell as be ing  subject to the 
influence of the Tejo River estuary.

1 0 2 /1 0 3
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Site 30: Santander transect (southern Bay of Biscay)

Carmen Rodriguez

Figure 7.2
Location of the Santander 
transect (Site 30) survey area 
and the seasonal summary plots 
for Zooplankton, chlorophyll, 
and surface temperature in this 
area (see Section 2.2.1 for an 
explanation of this figure).
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T h is  m o n t h l y  tr a n s e c t  c a r r ie d  o u t  o f f  t h e  c o a s t  
o f  S a n ta n d e r  (F ig u r e  7 .2 ) is  p a r t  o f  t h e  t e m p o r a l  
d a ta s e r ie s  p r o je c t  R A D I A L E S  (I n s t itu to  E s p a ñ o l  
d e  O c e a n o g r a f ía ;  h t t p : / /w w w .s e r i e s t e m p o r a le s - i e o . 
n e t ) .

S in c e  1 9 9 1 , Z o o p la n k t o n  s a m p le s  h a v e  b e e n  
c o l le c t e d  a t fo u r  s t a t io n s ,  fr o m  5 0  m  to  s u r fa c e , in  
o b l iq u e  h a u ls  u s in g  a  J u d a y - B o g o r o v  n e t  (5 0  c m  
d ia m e te r , 2 5 0  p m  m e s h ) .  O n c e  o n  b o a r d , s a m p le s  
w e r e  p r e s e r v e d  w i t h  4%  fo r m a lin  in  s o d iu m  b o r a t e -  
b u f f e r e d  s e a w a t e r  fo r  a n a ly s i s  in  th e  la b o r a to r y .  
To e s t im a t e  t o t a l  Z o o p la n k t o n  b io m a s s ,  s a m p le s  
w e r e  r in s e d  w i t h  0 .2  p m  f i lt e r e d  s e a w a te r ,  f i lt e r e d  
o n t o  p r e - c o m b u s t e d  (4 5 0 ° C , 2 4  h ) ,  p r e - w e i g h e d  
W h a t m a n  G F /A  f i lte r s , a n d  d r ie d  a t 6 0 ° C . A fte r  
2 4  h , t o t a l  d r y  w e i g h t  w a s  m e a s u r e d  w i t h  a S a r to r iu s  
m ic r o b a la n c e .  T h e  d a ta  u s e d  in  t h i s  s it e  r e p o r t  
c o m e  fr o m  S ta t io n  4  o f  th e  tr a n s e c t  (4 3 ° 3 4 .4 'N  
3 ° 4 7 .0 'W ) .

A t  S a n ta n d e r ,  b o t h  Z o o p la n k t o n  a b u n d a n c e  a n d  
b io m a s s  d e m o n s t r a t e  a y e a r l y u n i m o d a l  d is tr ib u t io n ,  
w i t h  a  s u s t a in e d  h ig h  p r o d u c t io n  b e t w e e n  M a r c h  
a n d  S e p t e m b e r ,  w h ic h  s u f fe r s  a  s l ig h t  d r o p  in  
s u m m e r , s u g g e s t in g  th e  p o s s ib i l i t y  o f  a b im o d a l  
c y c le  (F ig u r e  7 .3 a  a n d  b ) .  A l t h o u g h  th e r e  is  n o  c le a r  
t r e n d  in  Z o o p la n k t o n  a b u n d a n c e  o r  b io m a s s  d u r in g  
t h e  y e a r s  o f  s a m p l in g  a t S a n ta n d e r , b o t h  v a r ia b le s  
h a v e  a  lo w - f r e q u e n c y  (5 -  to  6 -y e a r )  in t e r a n n u a l  
c y c le .  T h is  c y c le  is  a ls o  v is ib le  in  th e  C o n t in u o u s  
P la n k t o n  R e c o r d e r  (C P R ) c o p e p o d  a b u n d a n c e  
d a ta  (F ig u r e  7 .4 c )  fr o m  th e  a d ja c e n t  s ta n d a r d  C P R  
s ta n d a r d  a re a  E 4 .

S e a  s u r fa c e  t e m p e r a t u r e s  (S S T ) d u r in g  t h e  p e r io d  
o f  t h e  S a n ta n d e r  s u r v e y  (F ig u r e  7 .3 c ) ,  a n d  fr o m  
t h e  p a s t  1 0 0  y e a r s  (F ig u r e  7 .4 d ) ,  d e m o n s t r a t e  a n  
u n e q u iv o c a l  u p w a r d  t r e n d . In  c o n tr a s t ,  t h e  C P R  
d a ta  fo r  t h e  r e g io n  d e m o n s t r a t e  a  c le a r  d e c r e a s in g  
t r e n d  in  c o p e p o d  a b u n d a n c e  o v e r  t h e  p a s t  5 0  
y e a r s  (F ig u r e  7 .4 c ) .  T h e  C a n ta b r ia n  S e a  is  ty p ic a l  
o f  t e m p e r a t e - r e g io n  o c e a n s ,  w i t h  a  s u m m e r -  
s t r a t i f ic a t io n - w in t e r - m ix in g  c y c le .  T h e  o n s e t  a n d  
s t r e n g t h  o f  t h e  s u m m e r  s tr a t if ic a t io n , w h ic h  are  
in f lu e n c e d  b y  w a t e r  t e m p e r a t u r e s ,  l im it  t h e  in f lu x  
o f  n u t r ie n t s  fr o m  d e e p e r  w a te r  to  t h e  s u r fa c e  a n d  
th is ,  in  tu r n , l im it s  p h y t o p la n k t o n  p r o d u c t io n .  
L a v in  et al. (1 9 9 8 )  r e p o r t e d  a n  in c r e a s in g  t r e n d  in  
t h e  s t r a t if ic a t io n  in d e x  fo r  t h i s  r e g io n ,  to  w h ic h  th e  
d e c r e a s in g  t r e n d  in  Z o o p la n k t o n  a b u n d a n c e  w a s  
a t tr ib u te d  b y V a ld é s  et al. (2 0 0 7 ) .

O v e r  t h e  la s t  t w o  d e c a d e s ,  th e  in c r e a s e  in  lo c a l  w a te r  
t e m p e r a t u r e ,  a d d e d  to  t h e  t r a n s p o r t  fr o m  s o u t h e r n  
w a te r s ,  h a s  a ls o  b e e n  a s s o c ia t e d  w i t h  t h e  g r e a te r  
o c c u r r e n c e  o f  w a r m - w a t e r - a d a p t e d  s p e c ie s  a n d  a 
d e c r e a s e  in  s p e c ie s  ty p ic a l o f  u p w e l l i n g  z o n e s  in  th e  
C a n ta b r ia n  S e a  (B o d e  e ta l.,  2 0 0 9 ) .  B o d e  e ta l.  (2 0 1 0 )  
f o u n d  a n  u p w a r d  t r e n d  in  c o p e p o d  a b u n d a n c e  
a n d  d iv e r s ity . I n  a d d it io n  to  t e m p e r a t u r e ,  o th e r  
o c e a n o g r a p h ic  f e a tu r e s ,  s u c h  a s  in t r u s io n s  o f  h ig h -  
s a l in i ty  w a t e r  d u r in g  m ix in g  o r  s m a l l - s c a le  c o a s ta l  
u p w e l l i n g s ,  h a v e  b e e n  r e p o r t e d  a s  im p o r ta n t  
d e t e r m in a n t s  o f  t h e  v a r ia b i lity  a n d  t h e  e c o lo g y  o f  
t h e  p la n k t o n ic  c o m m u n it y  in  th e  r e g io n  (H u s k in  et 
a l ,  2 0 0 6 ) .

http://www.seriestemporales-ieo
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Figure 7.3
Seasonal and interannual 
comparison of select co-sampled 
variables at Santander (see 
Section 2.2.2 for an explanation 
of this figure).
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Site 31: Gijon transect (southwestern Bay of Biscay)

Angel Lopez-Urrutia

Figure 7.5
Location of the Gijon transect 
(Site 31) survey area and the 
seasonal summary plots for 
Zooplankton, chlorophyll, and 
surface temperature in this 
area (see Section 2.2.1 for an 
explanation of this figure).
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G ijo n  (F ig u r e  7 .5 ) ,  w h e r e  s a m p l in g  s ta r te d  in  2 0 0 1 ,  
is  t h e  la t e s t  s t a t io n  to  b e  a d d e d  to  th e  t e m p o r a l  
d a ta s e r ie s  p r o je c t  R A D I A L E S  (I n s t itu to  E s p a ñ o l  
d e  O c e a n o g r a f ía ;  h t t p : / /w w w .s e r i e s t e m p o r a le s - i e o . 
n e t ) .  T h is  m o n t h l y  s u r v e y  c o n s i s t s  o f  th r e e  s a m p l in g  
s t a t io n s ,  o f  w h ic h  o n ly  S ta t io n  3  (4 3 ° 4 6 .7 'N  
5 ° 3 0 .3 'W )  d a ta  w e r e  u s e d  fo r  t h i s  s it e  s u m m a r y .

Z o o p la n k t o n  s a m p le s  w e r e  c o l le c t e d  o n  b o a r d  R V  
" J osé  d e  R io ja " b y  m e a n s  o f  v e r t ic a l  h a u ls  fr o m  1 0 0  
m  to  t h e  s u r fa c e  u s in g  a  tr ip le  W P - 2  n e t  (3 8  c m  
d ia m e te r , 2 0 0  p m  m e s h )  a n d  t h e n  p r e s e r v e d  w i t h  
4%  fo r m a lin  in  s o d iu m - b o r a t e - b u f f e r e d  s e a w a te r  
fo r  p o s t e r io r  la b o r a to r y  a n a ly s i s .  To e s t im a t e  to ta l  
Z o o p la n k t o n  b io m a s s ,  s a m p le s  w e r e  d iv id e d  in t o  
th r e e  s iz e  r a n g e s  ( 2 0 0 - 5 0 0  p m , 5 0 0 - 1 0 0 0  p m ,  
a n d  > 1 0 0 0  p m )  u s in g  s ie v e  c u p s  e q u ip p e d  w i t h  
N i t e x  s c r e e n s .  T h e  s a m p le s  w e r e  r in s e d  w i t h  0 .2  
p m  f i lt e r e d  s e a w a te r ,  f i l t e r e d  o n t o  p r e - c o m b u s t e d  
( 4 5 0 ° C , 2 4  h ) ,  p r e - w e i g h e d  W h a t m a n  G F /A  f i lte r s ,  
a n d  d r ie d  a t 6 0 ° C . A f te r  2 4  h o u r s ,  t o t a l  d r y  w e i g h t  is  
m e a s u r e d  w i t h  a S a r to r iu s  m ic r o b a la n c e .

T h e  h y d r o g r a p h ic  c o n d i t io n s  in  t h e  n o r t h e r n  
I b e r ia n  c o a s t  d e m o n s t r a t e  a m a r k e d  s e a s o n a li ty ,  
d r iv e n  b y  t h e  c y c le  o f  m ix in g - s t r a t i f ic a t io n  th a t  is  
c h a r a c te r is t ic  o f  t e m p e r a t e  s e a s .  A d d it io n a lly ,  o th e r  
s p e c if ic  o c e a n o g r a p h ic  s tr u c tu r e s  in f lu e n c i n g  th e  
p la n k t o n ic  d y n a m ic s  c a n  b e  fo u n d ,  s u c h  a s  th e  
w a r m , s a l in e  IP C  f l o w in g  e a s t  d u r in g  w in t e r  a lo n g  
t h e  C a n ta b r ia n  c o n t in e n t a l  s h e l f  a n d  s lo p e ,  o r  th e  
e n t r a in m e n t  o f  w a t e r s  fr o m  t h e  s u b t r o p ic a l  (c o ld e r  
a n d  s a lt ie r )  a n d  S u b p o la r  g y r e s  o f  t h e  N o r t h e a s t  
A t la n t ic .

T o ta l Z o o p la n k t o n  a b u n d a n c e  d e m o n s t r a t e s  a 
b im o d a l  d is tr ib u t io n ,  in  w h ic h  s p r in g  (M a r c h -  
M a y ) a n d  a u t u m n  ( S e p t e m b e r - O c t o b e r )  p e a k s  are  
s e p a r a t e d  b y  s u m m e r  in t e r m e d ia t e  a n d  w in t e r  l o w  
v a lu e s  (F ig u r e  7 .6 a ) .  T h e  r is e  in  b o t h  Z o o p la n k t o n  
a b u n d a n c e  a n d  d r y  w e ig h t  is  a lr e a d y  a p p a r e n t  in  
F e b r u a r y  (F ig u r e  7 .6 a  a n d  b ) ,  a l t h o u g h  a b u n d a n c e  
v a lu e s  p e a k  a  m o n t h  e a r lie r  t h a n  b io m a s s ,  
c o in c id in g  w i t h  th e  c h lo r o p h y l l  m a x im u m  o f  M a r c h  
(F ig u r e  7 .6 c ) .

T e m p e r a tu r e  a n d  s a l in i ty  h a v e  b e e n  s t e a d i ly  
in c r e a s in g  o f f  G ijo n  s in c e  t h e  s ta r t  o f  th i s  t i m e - s e r i e s  
(F ig u r e  7 .6 d  a n d  e ) .T h e  in c r e a s e  in  s a l in i ty  m a y  b e  
t h e  r e s u lt  o f  a  g e n e r a l iz e d  d e c r e a s e  in  th e  p a t t e r n  
o f  r a in s  o n  th e  C a n ta b r ia n  c o a s t s ,  d im in is h in g  th e  
d is c h a r g e  o f  w a t e r  f r o m  t h e  c o a s ta l  r iv e r s , c o m b in e d  
w i t h  t h e  p a t t e r n  o f  u p w e l l i n g  e v e n t s  in  la t e  a u t u m n  
(R o d r ig u e z  et al., 2 0 0 9 ) .

http://www.seriestemporales-ieo
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Figure 7.6
Seasonal and interannual 
comparison of select co-sampled 
variables at Gijon (see Section 
2.2.2 for an explanation of this 
figure).
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Site 32: The A Coruña transect (northwest Iberian peninsula)

Maite Alvarez-Ossori and Antonio Bode

Figure 7.8
Location of the A  Coruña 
transect (Site 32) survey area 
and the seasonal summary plots 
for Zooplankton, chlorophyll, 
and surface temperature in this 
area (see Section 2.2.1 for an 
explanation of this figure).
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T h e  A  C o r u ñ a  s u r v e y  h a s  b e e n  c a r r ie d  o u t  s in c e  
1 9 8 8  a s  p a r t  o f  t h e  t e m p o r a l  d a ta s e r ie s  p r o je c t  
R A D I A L E S  ( I n s t itu to  E s p a ñ o l  d e  O c e a n o g r a f ía ;  
h t t p : / /w w w .s e r i e s t e m p o r a le s - i e o .n e t ), a n d  c o n s is t s  
o f  a  m o n t h l y  t r a n s e c t  o f f  A  C o r u ñ a  (n o r t h w e s t  
I b e r ia n  p e n in s u la ;  F ig u r e  7 .8 ) .

Z o o p la n k t o n  s a m p le s  w e r e  c o l l e c t e d  fr o m  6 5  m  to  
t h e  s u r fa c e  in  o b l iq u e  h a u ls  b y  m e a n s  o f  a J u d a y -  
B o g o r o v n e t  (5 0  c m  d ia m e te r ,  2 0 0  p m  m e s h ) .  O n c e  
o n  b o a r d , t h e  s a m p le s  w e r e  p r e s e r v e d  in  4  % fo r m a lin  
s o d iu m - b o r a t e - b u f f e r e d  s e a w a t e r  fo r  a n a ly s is  in  th e  
la b o r a to r y . To e s t im a t e  t o t a l  Z o o p la n k t o n  b io m a s s ,  
s a m p le s  w e r e  r in s e d  w i t h  0 .2  p m  f i lt e r e d  s e a w a te r ,  
f i lt e r e d  o n t o  p r e - c o m b u s t e d  (4 5 0 ° C , 2 4  h ) ,  p r e ­
w e i g h e d  W h a t m a n  G F /A  f i lt e r s  a n d  d r ie d  a t 6 0 °C .  
A fte r  2 4  h o u r s ,  t o t a l  d r y  w e ig h t  w a s  m e a s u r e d  
w i t h  a  S a r to r iu s  m ic r o b a la n c e .  T h e  d a ta  u s e d  in  
th i s  s i t e  r e p o r t  c o m e  fr o m  S t a t io n  2  o f  t h e  t r a n s e c t  
( 4 3 ° 2 5 .3 ,N 8 ° 2 6 . 2 ,W ).

T h e  h y d r o g r a p h ic  r e g io n  o f f  A  C o r u ñ a , a s  w e l l  a s  th e  
r e s t  o f  th e  A t la n t ic  c o a s t  o f  G a lic ia  a n d  P o r tu g a l , is  
c h a r a c t e r iz e d  b y  t h e  o c c u r r e n c e  o f  u p w e l l i n g  e v e n t s  
d u r in g  s p r in g  a n d  s u m m e r  ( M a y - S e p t e m b e r ) .  
T h e s e  u p w e l l i n g  e v e n t s  b r e a k  u p  t h e  s u m m e r  
s t r a t if ic a t io n  o f  t h e  w a t e r  c o lu m n ,  a n d  t h e  r e s u lt in g  
in f lu x  o f  n u t r ie n t s  fr o m  d e e p e r  w a t e r s  e n h a n c e s  
p la n k t o n  p r o d u c t iv i ty  d u r in g  s u m m e r . T h is  r e g io n  
is  t h e r e f o r e  g e n e r a l ly  m o r e  p r o d u c t iv e  t h a n  o th e r  
t e m p e r a t e  s e a s ,  w h e r e  s t r o n g  s u m m e r  s tr a t if ic a t io n  
a n d  n u tr ie n t  l im it a t io n s  r e d u c e  p r o d u c t iv i ty . T h e  
in f lu e n c e  a n d  o c c u r r e n c e  o f  t h e s e  u p w e l l i n g  e v e n t s  
is  a p p a r e n t  in  th e  v a r ia b ility  o f  th e  t e m p e r a t u r e  a n d  
c h lo r o p h y ll  a n n u a l  a n o m a l ie s  (F ig u r e  7 .9 c  a n d  d ).

T h e  s e a s o n a l  c y c le  o f  Z o o p la n k t o n  a b u n d a n c e  o f f  
A  C o r u ñ a  d e m o n s t r a t e s  a  c o n t in u e d  in c r e a s in g  
p a t t e r n  fr o m  F e b r u a r y  u n t i l  S e p t e m b e r ,  w i t h  th e  
l o w e s t  v a lu e s  in  D e c e m b e r  a n d  J a n u a r y  (F ig u r e  
7 .9 a ) .T h e  b io m a s s  p a t t e r n  is  s im ila r , w i t h  t w o  p e a k s  
in  M a y  a n d  S e p t e m b e r  a n d  a s l ig h t  d r o p  fr o m  J u n e  
to  A u g u s t  th a t  s u g g e s t s  a  b im o d a l  c y c le  (F ig u r e  
7 .9 b ) . B o d e  et al. (2 0 0 9 )  d is c u s s  e n v ir o n m e n t a l  
fa c to r s  th a t  in f lu e n c e  in t e r a n n u a l  v a r ia b i lity  in  
Z o o p la n k t o n  p r o d u c t io n ,  m o s t  n o t a b ly  th e  in t e n s i t y  
o f  t h e  s u m m e r  u p w e l l i n g  e v e n t s .

T h e r e  is  a  w e a k  in c r e a s in g  t r e n d  in  w a te r  
t e m p e r a t u r e ,  d r iv e n  m a in ly  b y  t h e  d im in is h in g  
a m p li tu d e  o f  t h e  n e g a t iv e  a n n u a l  a n o m a l ie s  f o u n d  
s in c e  1 9 9 4  (F ig u r e  7 .9 c ) .  T h is  t e m p e r a t u r e  r is e  a ls o  
a g r e e s  w i t h  t h e  t e m p o r a l  d a ta s e r ie s  o f  H a d lS S T  fo r  
t h e  p a s t  2 0  y e a r s  (F ig u r e  7 .1 0 c ) ,  w h ic h  e x t e n d s  th e  
in c r e a s in g  t r e n d  o v e r  t h e  p a s t  1 0 0  y e a r s . C u r r e n t  
w a t e r  t e m p e r a t u r e s  a re  a t o r  a b o v e  t h e  1 0 0 - y e a r  
m a x im u m  fo r  t h i s  r e g io n  (F ig u r e  7 .1 0 c , r e d  d a s h e d  
l in e ) .
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Figure 7.9
Seasonal and interannual
comparison of select co-sampled 
variables at A  Coruña (see 
Section 2.2.2 for an explanation 
of this figure).

Figure 7.10
Long-term comparison of A  
Coruña Zooplankton biomass 
and abundance with HadlSST 
sea surface temperatures for the 
region (see Section 2.2.3 for an 
explanation of this figure).
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Site 33: Vigo transect (west Iberian peninsula)

Ana Miranda

Figure 7.11
Location of the Vigo transect (Site 
33) survey area and the seasonal 
summary plots for Zooplankton, 
chlorophyll, and surface 
temperature in this area (see 
Section 2.2.1 for an explanation 
of this figure).
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T h e  V ig o  t r a n s e c t  h a s  b e e n  s a m p le d  s in c e  1 9 9 4  
a s  p a r t o f  t h e  t i m e - s e r i e s  p r o je c t  R A D IA L E S  
( I n s t itu to  E s p a ñ o l  d e  O c e a n o g r a f ía ;  h t t p : / /w w w . 
s e r ie s t e m p o r a le s - ie o .n e t ) .  S ta t io n  3  o f  t h e  V ig o  
tr a n s e c t ,  w h ic h  w a s  u s e d  fo r  t h i s  s u m m a r y , is  
lo c a t e d  o f f  th e  n o r t h w e s t  I b e r ia n  c o a s t  ( 4 2 ° 8 .5 'N  
8 ° 5 7 .5 'W ;  F ig u r e  7 .1 1 )  a t a  d e p t h  o f  9 7  m .

Z o o p la n k t o n  s a m p le s  w e r e  c o l le c t e d  fr o m  n e a r  
b o t t o m  to  t h e  s u r fa c e  (o b l iq u e  h a u ls )  o n  a m o n t h l y  
b a s i s  w i t h  a  b o n g o  n e t  (4 0  c m  d ia m e te r ,  2 0 0  p m  
m e s h ) .  O n c e  o n  b o a r d , s a m p le s  w e r e  p r e s e r v e d  
in  4%  fo r m a lin  s o d iu m - b o r a t e - b u f f e r e d  s e a w a te r  
a n d  e x a m in e d  p o s t - c r u i s e  a t th e  la b o r a to r y  fo r  
id e n t i f i c a t io n  a n d  c o u n t in g  o f  m e s o z o o p l a n k t o n .  
B io m a s s  s a m p le s  w e r e  f r o z e n  a n d  q u a n t i f ie d  a s  d r y  
w e ig h t  (d r ie d  a t  6 0 ° C  fo r  2 4  h ) p o s t - c r u i s e  in  th e  
la b o r a to r y .

I n  th e  c o a s ta l  r e g io n  o f f  G a lic ia  (n o r t h w e s t  
S p a in ) ,  t h e  c la s s ic  t e m p e r a t e  p a t t e r n  o f  s e a s o n a l  
s t r a t if ic a t io n  o f  t h e  w a t e r  c o lu m n  is  m a s k e d  b y  
u p w e l l i n g  e v e n t s  fr o m  A p r il  to  S e p t e m b e r .  T h e s e  
u p w e l l i n g  e v e n t s  p r o v id e  Z o o p la n k t o n  p o p u la t io n s  
w i t h  fa v o u r a b le  c o n d i t io n s  ( in f lu x  o f  n u t r ie n t s  a n d  
p h y t o p la n k t o n  p r o d u c t io n )  in  w h ic h  to  d e v e lo p  
d u r in g  s u m m e r , w h ic h  is  t h e  o p p o s i t e  o f  w h a t  
o c c u r s  in  o t h e r  t e m p e r a t e  s e a s  d u r in g  th is  s e a s o n .  
N e v e r t h e le s s ,  u p w e l l i n g  is  h ig h ly  v a r ia b le  in  
in t e n s i t y  a n d  fr e q u e n c y , w i t h  s u b s t a n t ia l  y e a r - t o -  
y e a r  v a r ia b ility .

T h e  s e a s o n a l  c y c le  o f  Z o o p la n k t o n  b io m a s s  is  
c h a r a c t e r iz e d  b y  h ig h  v a lu e s  fr o m  A p r il  to  O c to b e r ,  
w i t h  a  s l ig h t  r e d u c t io n  in  J u n e  a n d  A u g u s t  a n d  
a c le a r  r e d u c t io n  in  w in t e r  (F ig u r e  7 .1 2 a  a n d  
b ) . I n te r a n n u a l  b io m a s s  a n o m a l ie s  r e v e a l  a n  
in c r e a s in g  t r e n d , a l t h o u g h  d e c r e a s e s  in  b io m a s s  
w e r e  o b s e r v e d  in  1 9 9 7 , 2 0 0 0 , a n d  2 0 0 4 .  D u r in g  
t h e s e  y e a r s , t h e  m o n t h l y  b io m a s s  w a s  r e la t iv e ly  lo w ,  
b u t  t h e  d e c r e a s e  w a s  n o t  a c c o m p a n ie d  b y  a  d r o p  in  
a b u n d a n c e ,  w h ic h  s u g g e s t s  a n  in c r e a s e d  p r e v a le n c e  
o f  s m a l l  o r g a n is m s  d u r in g  t h e s e  p e r io d s .  T h e r e  
a re  t w o  c o p e p o d  s p e c ie s  ty p ic a l o f  t h e  w a r m  V ig o  
w a te r s :  Temora stylifera, w h ic h  ty p ic a l ly  d o m in a t e s  
t h e  Z o o p la n k t o n  s a m p le s  d u r in g  w a r m e r  p e r io d s  
(e .g .  1 9 9 7 - 1 9 9 8  a n d  2 0 0 1 - 2 0 0 2 ) ;  a n d  Oncaea 
mediterranea, w h ic h  u s e d  to  b e  a  fa ir ly  rare  s p e c ie s ,  
b u t  h a s  b e e n  in c r e a s in g  in  a b u n d a n c e  o v e r  t h e  p a s t  
f e w  y e a r s .

In situ  t e m p e r a t u r e  a t t h e  s i t e  r e v e a ls  n o  t r e n d  o v e r  
t h e  1 5  y e a r s  o f  t h e  t i m e - s e r i e s  (F ig u r e  7 .1 2 c ) .  To 
in v e s t ig a t e  lo n g e r - t e r m  tr e n d s  o f  b o t h  te m p e r a t u r e  
a n d  Z o o p la n k t o n  a t t h e  s i t e ,  d a ta  w e r e  c o m p a r e d  
w i t h  lo n g - t e r m  d a ta  fr o m  C P R  a n d  S S T . F o n g - t e r m  
t e m p e r a t u r e s  in  t h e  r e g io n  (F ig u r e  7 .1 3 d )  r e v e a l  
a n  in c r e a s e  o f  a lm o s t  1 ° C  in  S S T  d u r in g  t h e  la s t  
h a lf - c e n t u r y .  T h e  in c r e a s e  in  Z o o p la n k t o n  b io m a s s  
r e c o r d e d  a t  V ig o  d u r in g  t h e  p a s t  1 5  y e a r s  is  n o t  
r e f le c t e d  in  th e  p e r io d  o f  b e lo w - a v e r a g e  c o p e p o d  
a b u n d a n c e  in  C P R  s ta n d a r d  a r e a  F 4.
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Figure 7.12
Seasonal and interannual 
comparison of select co-sampled 
variables at Vigo (see Section 
2.2.2 for an explanation of this 
figure).
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Site 34: Cascais (southwest Iberian peninsula)

Antonina dos Santos and A . M iguel P. Santos

Figure 7.14
Location of Cascais (Site 34) |
survey area and the seasonal 
summary plots for Zooplankton, 
chlorophyll, and surface ƒ
temperature in this area (see 
Section 2.2.1 for an explanation 
of this figure).
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T h e  C a s c a is  m o n i t o r i n g  s it e  is  a  s t a t io n  o f  th e  
t i m e - s e r i e s  C A S C A I S -W A T C H , t h e  o c e a n o g r a p h ic  
o b s e r v a t io n  p r o g r a m m e  o f  t h e  O c e a n o g r a p h y  
a n d  P la n k t o n  G r o u p  o f  t h e  I n s t itu t o  N a c i o n a l  d e  
R e c u r s o s  B io ló g ic o s ,  I n s t i tu t o  d e  I n v e s t ig a ç â o  
d a s  P e s c a s  e  d o  M a r  (I N R B -IP I M A R ). T h e  s t a t io n  
is  lo c a t e d  o f f  C a s c a is  B a y , o u t s id e  th e  T ejo  R iv e r  
e s t u a r y  a t 3 8 ° 4 0 'N  0 9 ° 2 6 .2 'W  (F ig u r e  7 .1 4 ) .

Z o o p la n k t o n  s a m p le s  w e r e  c o l l e c t e d  fr o m  3 0  m  to  
t h e  s u r fa c e  (o b l iq u e  h a u ls )  o n  a  m o n t h l y  b a s i s  w i t h  
a W P 2  n e t  (5 0  c m  d ia m e te r , 2 0 0  p m  m e s h ) .  S a m p le s  
w e r e  d iv id e d  in t o  t w o  w i t h  a  F o ls o m  p la n k to n  
s p lit te r :  o n e  h a l f  w a s  p r e s e r v e d  in  4  % b o r a x -b u f f e r e d  
f o r m a ld e h y d e  in  s e a w a t e r  a n d  la te r  e x a m in e d  fo r  
id e n t i f i c a t io n  a n d  c o u n t in g  o f  m e s o z o o p l a n k t o n ,  
a n d  t h e  o th e r  h a l f  w a s  ly o p h i l i z e d  a n d  w e i g h e d  fo r  
b io m a s s  d e t e r m in a t io n .

T h e  s h o r t  l e n g t h  o f  th i s  t i m e - s e r i e s  l im it s  it s  
in t e r a n n u a l  a n a ly s i s .  T h e  s e a s o n a l  c y c le  o f  
Z o o p la n k t o n  b io m a s s  is  c h a r a c t e r iz e d  b y  a  b im o d a l  
p a tte r n , w i t h  p e a k  b io m a s s  in  A p r il  a n d  A u g u s t  
(F ig u r e  7 .1 5 a ) .  C o p e p o d  a b u n d a n c e  r e m a in s  h ig h  
t h r o u g h o u t  t h e  s e a s o n ,  w i t h  h i g h e s t  a b u n d a n c e  
fr o m  A u g u s t  t h r o u g h  N o v e m b e r  (F ig u r e  7 .1 5 b ) .  
C o p e p o d s  a t C a s c a is  are  m a in ly  r e p r e s e n t e d  b y  th e  
g e n e r a  Acartia, Paracalanus, Oncaea, a n d  Oithona. 
O t h e r  s p e c ie s  (Temora stylifera, T. longicornis, a n d  
Centropages s p p .)  a re  a ls o  im p o r ta n t  b u t  o c c u r  la te r  
in  t h e  s e a s o n ,  w h ic h  e x p la in s  t h e  h ig h  c o p e p o d  
a b u n d a n c e  la te  in  t h e  y ea r .

T h e  C a s c a is  s i t e  is  t h o u g h t  to  b e  u n d e r  t h e  in f lu e n c e  
o f  t h e  E a s te r n  N o r t h  A t la n t ic  U p w e l l in g  S y s t e m  
in  s p r in g  a n d  s u m m e r . T h is  s e a s o n a l  u p w e l l i n g  is  
r e s p o n s ib le  fo r  th e  h ig h  p h y t o p la n k t o n  p r o d u c t io n  
th a t  p r o m o t e s  th e  s ta b le  Z o o p la n k t o n  a b u n d a n c e  
t h r o u g h  t h e  y e a r  (S a n to s  et al., 2 0 0 7 ) .  In situ  
t e m p e r a t u r e s  a t  C a s c a is  d e m o n s t r a t e  a  t w o - t i e r  
s e a s o n a l  p a t t e r n ,  u s u a l ly  b e l o w  1 6 ° C  d u r in g  w in t e r  
a n d  s p r in g , a n d  a t o r  a b o v e  1 8 ° C  in  J u n e - N o v e m b e r  
(F ig u r e  7 .1 5 c )  .T h is  p a t t e r n  is  a t t r ib u te d  to  t h e  s t a t io n  
b e in g  lo c a t e d  in  a n  u p w e l l i n g  s h a d o w  (M o ita  et al.,
2 0 0 3 ) ,  w h e r e  w i n d s  fa v o u r a b le  to  u p w e l l i n g  c a n  
p r o m o t e  lo c a l  w a te r  s t r a t if ic a t io n  a n d  s ta b ility .

T h e  lo n g - t e r m  t e m p e r a t u r e  r e c o r d  fo r  t h i s  r e g io n  
d e m o n s t r a t e s  th a t  S S T s  are  c u r r e n t ly  a t t h e  h ig h  
e n d  o f  t h o s e  s e e n  in  t h e  p a s t  1 0 0  y e a r s  (F ig u r e  7 .1 6 ) .  
A l t h o u g h  th e  C a s c a is  s i t e  is  lo c a t e d  ju s t  s o u t h  o f  th e  
C P R  s ta n d a r d  a re a  F 4 , C P R  c o p e p o d  a b u n d a n c e  h a s  
b e e n  c o n s i s t e n t l y  d e c r e a s in g  ju s t  n o r t h  o f  C a s c a is  
a n d  a lo n g  th e  e n t ir e  n o r t h w e s t  I b e r ia n  p e n in s u la  
( s e e  S a n ta n d e r , S it e  3 0 , F ig u r e  7 .4 c ; V ig o ,  S it e  3 3 ,  
F ig u r e  7 .1 3 c ) ,  w h e r e a s  t e m p e r a t u r e s  h a v e  b e e n  
c o n s i s t e n t l y  a t  t h e  h ig h  e n d  o f  th e ir  1 0 0 - y e a r  r e c o r d  
(S a n ta n d e r , S it e  3 0 , F ig u r e  7 .4 d ; V ig o ,  S it e  3 3 , F ig u r e  
7 .1 3 d ; a n d  t h i s  s it e ,  F ig u r e  7 .1 6 c ) .
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figure).
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Long-term comparison of Cascais 
Zooplankton biomass and total 
copepods with HadlSST sea 
surface temperatures for the 
region (see Section 2.2.3 for an 
explanation of this figure).
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8. ZOOPLANKTON OF THE 
MEDITERRANEAN SEA
Delphine Bonnet, LidiaYebra, Serena Fonda-Umani, Gabriel Gorsky, 
M aria Grazia Mazzocchi, M aria Luz Fernández de Fuelles, Ioanna 
Siokou-Frangou, Lars Stemmann, Olja Vidjak, and Soultana Zervoudaki

I n  c o n tr a s t  to  t h e  N o r t h  A t la n t ic ,  w h ic h  h a s  s e v e r a l  
h ig h ly  p r o d u c t iv e  s e a  a r e a s  a r o u n d  it s  c o n t in e n t a l  
s h e l f  m a r g in s , th e  M e d ite r r a n e a n  S e a  is  o lig o tr o p h ic ,  
s im ila r  to  t h e  s u b t r o p ic a l  c e n tr a l N o r t h  A t la n t ic .  
T h e  s e a s o n a l  c y c le s  o f  p r im a r y  a n d  s e c o n d a r y  
p r o d u c t io n  a re  m o r e  o r  l e s s  s im ila r  fo r  b o t h  r e g io n s ,  
d r iv e n  b y  p h y s ic a l  p r o c e s s e s  th a t  a f f e c t  t h e  s ta b il i ty  
o f  t h e  u p p e r  la y e r s  o f  t h e  w a te r  c o lu m n  a n d  th e  
s u p p ly  o f  n u t r ie n t s  fr o m  t h e  d e e p e r  la y e r s  in t o  th e  
p h o t ic  z o n e .

M o s t  Z o o p la n k t o n  s p e c ie s  p r e s e n t  in  th e  
M e d it e r r a n e a n  S e a  a re  o f  A t la n t ic  o r ig in . B o t h  th e  
N o r t h  A t la n t ic  a n d  t h e  M e d it e r r a n e a n  S e a  h a v e  
d e e p  o c e a n ic  b a s in s  th a t  s e r v e  a s  o v e r w in t e r in g  
s i t e s  fo r  o n t o g e n e t i c a l l y  m ig r a t in g  Z o o p la n k t o n .  
D o m in a n t  s p e c ie s  are  c o m m o n  in  b o t h  a r e a s  a t th e  
s a m e  la t i t u d e  in  th e  e p i -  a n d  m e s o p e la g ic  la y e r s ,  
w h e r e a s  th e  b a t h y p e la g ic  s p e c ie s  o f  t h e  N o r t h  
A t la n t ic  are  e x c lu d e d  in  th e  M e d it e r r a n e a n  S e a  b y  
t h e  S tr a it o f  G ib r a lta r  s ill .  I n te r e s t in g ly ,  m a r g in a l  
s e a s  o f  t h e  N o r t h  A t la n t ic  a n d  t h e  M e d it e r r a n e a n  
S e a ,  s u c h  a s  th e  B a lt ic  a n d  B la c k  s e a s ,  h a v e  c o m m o n  
c h a r a c te r is t ic s  ( l o w  s a l in ity , a n o x ic  b o t t o m  la y er , 
h ig h  p r o d u c t iv i ty )  a n d  a ll fa c e  s t r o n g  c h a l le n g e s  
to  lo c a l  e c o lo g y  fr o m  e x o t ic / in t r o d u c e d  s p e c ie s .  
T h e  la r g e r  s h e l f  s e a s ,  s u c h  a s  t h e  N o r t h  S e a  a n d  
s h e l f  r e g io n s  o f  t h e  M e d it e r r a n e a n , a re  a ls o  n o t  
im m u n e .
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Figure 8 .1
Locations of Mediterranean 
survey areas (Sites 35-40) plotted 
on a map o f average chlorophyll 
concentration (see Section 2.3.2).

A l t h o u g h  s e v e r a l  s t u d ie s  h a v e  d e m o n s t r a t e d  th a t  
t h e  la r g e  c l im a t ic  s ig n a ls ,  s u c h  a s  t h e  N o r t h  A t la n t ic  
O s c i l l a t io n  (N A O ) , c o u ld  a ff e c t  t h e  Z o o p la n k t o n  
c o m m u n it i e s  a n d  s tr u c tu r e s  in  t h e  w e s t e r n  
M e d it e r r a n e a n  S e a  (M o lin e r o  et al., 2 0 0 5 ) ,  th e  
s p e c if ic  n a tu r e  o f  t h i s  b a s in  is  p r o b a b ly  r e f le c t e d  
in  its  c a p a c ity  to  a l l o w  a l i e n - s p e c i e s  d e v e lo p m e n t .  
T h is  b a s in  is  a c o n v e r g in g  p o in t  o f  d if fe r e n t  w a te r  
m a s s e s  (A t la n t ic  O c e a n ,  R e d  S e a ,  B la c k  S e a )  a n d  
it  is  a  v e r y  a c t iv e  p la c e  fo r  c o m m e r c ia l  tr a n s p o r t  
(b a l la s t - w a t e r  t r a n s p o r t  a n d  r e le a s e ) .  T h e  n u m b e r  
o f  a l i e n  s p e c ie s  in  E u r o p e a n  w a t e r s  is  in c r e a s in g  
a t t h e  r a te  o f  o n e  in t r o d u c t io n  e v e r y  n in e  d a y s ,  
w i t h  8%  b e in g  Z o o p la n k t o n  ( Z e n e t o s  et al., 2 0 0 8 ) .  
H o w e v e r ,  s m a l l  in v e r t e b r a te  s p e c ie s  s u c h  a s  
c o p e p o d s ,  a l t h o u g h  c r it ic a l c o m p o n e n t s  o f  m a r in e  
e c o s y s t e m s ,  are  r a r e ly  l i s t e d  in  in v a s i v e - s p e c i e s  
d a t a b a s e s  ( Z e n e t o s  et al., 2 0 0 6 ,  2 0 0 8 ) .  T h e r e fo r e ,  
t h e  c o n t in u e d  m o n i t o r in g  o f  c o a s ta l  w a t e r s  in  th e  
M e d it e r r a n e a n  b a s in  is  o f  p r im a r y  im p o r ta n c e  fr o m  
b o t h  e c o n o m ic  a n d  e c o lo g ic a l  p o in t s  o f  v ie w .

S e v e r a l  r e s e a r c h  p r o g r a m m e s  h a v e  r e c e n t ly  f o c u s e d  
o n  th e  e x p a n s io n  a n d  b lo o m s  o f  g e la t in o u s  p la n k t o n  
th a t  h a v e  e x h ib i t e d  m a r k e d  e c o n o m ic  im p a c ts ,  
e s p e c ia l ly  t h e  c t e n o p h o r e  M nem iopsis leidyi, w h ic h  
is  n o w  e s t a b l i s h e d  in  t h e  M e d it e r r a n e a n , a n d  s o m e  
c n id a r ia n s  (e .g . t h e  s c y p h o z o a n  j e l ly f is h  Pelagia 
noctiluca  a n d  Chrysaora  s p p .) .  S t u d ie s  s u c h  a s  
t h o s e  o f  M o l in e r o  et al. (2 0 0 5 )  n o t e  th a t  w a r m e r  
w a t e r  t e m p e r a t u r e s  (a n d  s u b s e q u e n t  w a t e r - c o lu m n  
s ta b il ity )  t e n d  to  fa v o u r  h ig h e r  j e l ly f is h  a b u n d a n c e .  
T h is  is  a g r o w in g  c o n c e r n ,  c o n s id e r in g  th a t  th e  
l o n g - t e r m  t e m p e r a t u r e  r e c o r d s  fo r  a ll s ix  o f  th e  
M e d it e r r a n e a n  Z o o p la n k t o n  s i t e s  a re  n e a r  to  a n d  
o f t e n  a b o v e  t h e  1 0 0 - y e a r  S S T  a v e r a g e s  in  e a c h  o f  
th e ir  r e s p e c t iv e  a r e a s .
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Site 35: Baleares Station (Balearic Sea)

Maria Luz Fernández de Puelles

Figure 8.2
Location of the Baleares Station 
(Site 35) survey area and the 
seasonal summary plots for 
Zooplankton, chlorophyll, and 
surface temperature in this 
area (see Section 2.2.1 for an 
explanation of this figure).
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T h e  B a le a r ic  s a m p l in g  s it e  is  lo c a t e d  s o u t h w e s t  
o f  th e  i s la n d  o f  M a llo r c a  a t 3 9 ° 2 9 'N  2 ° 2 5 'W , w i t h  
a b o t t o m  d e p t h  o f  7 7  m  (F ig u r e  8 .2 ) .  S ta r t in g  in  
1 9 9 4 ,  t h e  s t a t io n  w a s  s a m p le d  e v e r y  t e n  d a y s  
u n t i l  D e c e m b e r  2 0 0 5 ,  a fte r  w h ic h  it w a s  s a m p le d  
s e a s o n a l l y  o n ly  fo u r  t i m e s  a  y e a r . Z o o p la n k t o n  w a s  
s a m p le d  b y  m e a n s  o f  o b l iq u e  h a u ls  fr o m  a d e p t h  
o f  75  m  to  t h e  s u r fa c e  w i t h  a  b o n g o  n e t  (4 0  c m  
d ia m e te r , 2 5 0  p m  m e s h ) .  A  fu l l  d e s c r ip t io n  o f  th e  
m e t h o d o lo g y  is  g iv e n  in  F e r n á n d e z  d e  P u e l le s  a n d  
M o lin e r o  (2 0 0 7 ) .

T h e  B a le a r ic  S e a  is  c h a r a c t e r iz e d  b y  c o m p le x  
m e s o s c a l e  f e a tu r e s  r e s u lt in g  fr o m  t h e  in t e r a c t io n  
b e t w e e n  t h e  s a l in e  a n d  c o ld e r  n o r t h e r n  w a t e r s  o f  
t h e  w e s t e r n  M e d it e r r a n e a n  a n d  t h e  s o u t h e r n ,  l e s s  
s a l in e ,  a n d  w a r m e r  w a te r  fr o m  th e  A lb o r a n  S e a .  
T h is  e c o lo g ic a l ly  im p o r ta n t  r e g io n  e n c o m p a s s e s  
m a jo r  s p a w n i n g  a r e a s  o f  p e la g ic  f i s h , p o s s ib ly  
o w i n g  t o  a n  " is la n d  s t ir r in g "  e f f e c t  th a t  m a y  
p r o d u c e  c o n c e n t r a t e d  p la n k t o n  b io m a s s  a r o u n d  
t h e  i s la n d s .  O v e r a ll ,  t h e  a n n u a l  c ir c u la t io n  p a t t e r n  
c o n s i s t s  o f  c o o l ,  s o u t h - f lo w in g  w a t e r s  o f  n o r t h e r n  
o r ig in  d u r in g  t h e  fir s t p a r t  o f  t h e  y e a r , c h a n g in g  
to  w a r m , n o r t h - f lo w in g  w a t e r s  o f  A t la n t ic  o r ig in  
in  t h e  s e c o n d  p a r t . C ir c u la t io n  w i t h in  th e  r e g io n  
b e c o m e s  v e r y  c o m p le x  b e c a u s e  o f  t h e  p e r m a n e n t  
m e s o s c a l e  a c t iv ity  a n d  t h e  n o r t h  B a le a r ic  fr o n t  
(P in o t  et al., 2 0 0 2 ) .  D e p e n d in g  o n  t h e  in f lu e n c e  o f  
t h e s e  s tr u c tu r e s , th e  r e g io n  c a n  u n d e r g o  m ix in g  
o r  in c u r s io n s  o f  d if fe r e n t  w a te r  m a s s e s ,  f o r m in g  
fr o n ta l s y s t e m s  o r  e d d ie s  th a t  d r iv e  t h e  p la n k t o n ic  
c o m m u n it y  d y n a m ic s  (F e r n a n d e z  d e  P u e l le s  et al., 
2 0 0 9 ) .

C h lo r o p h y ll  c o n c e n t r a t io n s  a re  h ig h e s t  fr o m  
D e c e m b e r  t h r o u g h  F e b r u a r y  (F ig u r e  8 .2 ) ,  b e fo r e  
t h e  o n s e t  o f  w a r m e r  w a t e r  t e m p e r a t u r e s  a n d

s tr a t if ic a t io n . S e a s o n a l  t e m p e r a t u r e  c y c le s  in d ic a te  
a m ix in g  p e r io d  d u r in g  c o ld e r  m o n t h s  a n d  a 
s t r a t if ic a t io n  p e r io d  fr o m  J u n e  to  O c t o b e r  (F ig u r e  
8 .3 d ) .  M e a n  s u r fa c e  w a te r  t e m p e r a t u r e s  h a v e  a 
s e a s o n a l  d if f e r e n c e  o f  u p  to  1 4 °C , w i t h  a  w in t e r  
m i n im u m  o f  ca . 1 3 ° C  a n d  a s u m m e r  m a x im u m  
a s  h ig h  a s  2 7 ° C . A t  a  d e p t h  o f  75  m , t h i s  s e a s o n a l  
d if f e r e n c e  is  o n ly 3 ° C :  fr o m  1 3 ° C  ( in  M a r c h )  to  1 6 ° C  
( in  O c to b e r ) .  In  g e n e r a l ,  t h i s  a r e a  h a s  l o w  n u tr ie n t  
c o n c e n t r a t io n s  a n d  l o w  p r im a r y  p r o d u c t io n  b e c a u s e  
o f  th e  d e v e lo p m e n t  o f  t h e  t h e r m o  d in e ,  w h ic h  a c ts  
a s  a  b a r r ie r  to  t h e  s u p p ly  o f  n u t r ie n t s  to  t h e  p h o t ic  
la y er .

Z o o p la n k t o n  b io m a s s  ( to ta l d ry  w e ig h t ;  F ig u r e  8 .3 a )  
d e m o n s t r a t e s  a  s e a s o n a l  p a t t e r n ,  w i t h  h ig h e r  m e a n  
b io m a s s  in  th e  fir s t h a l f  o f  t h e  y e a r  (m a x im u m  in  
A p r il)  a n d  lo w e r  b io m a s s  in  t h e  s e c o n d  h a lf  o f  th e  
y e a r  (m in im u m  in  A u g u s t ) .  T h e  B a le a r ic  a re a  is  
c h a r a c t e r iz e d  b y  th e  p r e s e n c e  o f  r e la t iv e ly  s m a ll  
o r g a n is m s .  L a r g e  g e la t in o u s  Z o o p la n k t o n  d id  n o t  
a p p e a r  in  g r e a t  q u a n t i t ie s  in  t h e  s a m p le s .  T h e  
Z o o p la n k t o n  p e a k  in  M a r c h  w a s  r e la t e d  to  a  p e r io d  
o f  v e r t ic a l  m ix in g ,  w h e n  t h e  c o ld ,  d e n s e ,  n u t r ie n t -  
r ic h  w a t e r s  r e a c h  t h e  s u r fa c e , a  w id e s p r e a d  e v e n t  in  
t h e  M e d it e r r a n e a n . T h is  e a r ly - s p r in g  Z o o p la n k t o n  
m a x im u m  s e e m s  to  o c c u r  y e a r ly  in  r e s p o n s e  to  
t h e  p r e v io u s  w in t e r  p h y t o p la n k t o n  b lo o m .  D u r in g  
s p r in g , w h e n  th e  t h e r m o c l in e  is  d e v e lo p in g ,  th e  
in p u t s  o f  o f f s h o r e  w a t e r s  a n d  t h e  p r o x im it y  o f  
fr o n ta l s y s t e m s  u s u a l ly  e n h a n c e  t h e  Z o o p la n k t o n  
a b u n d a n c e .

C o p e p o d s  (F ig u r e  8 .3 c )  w e r e  t h e  m o s t  a b u n d a n t  
a n d  p e r e n n ia l  g r o u p  in  th e  Z o o p la n k t o n  s a m p le s  
(5 6 %  o f  t h e  t o t a l ) .  O t h e r  im p o r ta n t  g r o u p s  w e r e  
g e la t in o u s  Z o o p la n k t o n  (2 3 % , c o n s i s t i n g  p r im a r ily  
o f  1 7 %  a p p e n d ic u la r ia n s ,  5%  d o l io l id s ,  a n d  1%
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s a lp s ) ,  c la d o c e r a n s  (1 0 % ), a n d  m e r o p la n k t o n  (4 % ). 
N e v e r t h e le s s ,  s ip h o n o p h o r e s  (3 % ), c h a e t o g n a t h s  
(2 % ), o s t r a c o d s  (1 % ), a n d  p t e r o p o d s  (1% ) w e r e  a ls o  
f o u n d  in  th e  a r e a . M o r e  t h a n  8 0  c o p e p o d  s p e c ie s  
w e r e  id e n t i f i e d  d u r in g  t h e  e n t ir e  s t u d y  p e r io d ,  
o f  w h ic h  t e n  a c c o u n t e d  fo r  6 0 %  o f  t h e  to t a l .  T h e  
g r o u p  o f  Clausocalanus  w a s  t h e  m o s t  a b u n d a n t  (C. 
arcuicornis, C. furcatus, C. pergens, a n d  C. paululus; 
2 7 % ), f o l l o w e d  b y  Oithona  s p p . (2 5 % ). S o m e  s p e c ie s  
h a d  v e r y  l o w  a b u n d a n c e  d u r in g  s h o r t  p e r io d s ,  s u c h  
a s  Calanus helgolandicus in  w in t e r  o r  Acartia  danae  
in  la t e  s u m m e r .

T h e  S S T s  in  t h e  r e g io n  h a v e  b e e n  a b o v e  th e  1 0 0 -  
y e a r  a v e r a g e  s in c e  1 9 8 5  a n d , s in c e  2 0 0 0 ,  h a v e  o f t e n

b e e n  t h e  w a r m e s t  s e e n  in  t h e  r e g io n  fo r  t h e  p a s t  
1 0 0  y e a r s  (F ig u r e  8 .4 c ) .  A l t h o u g h  n o  s ig n if ic a n t  
Z o o p la n k t o n  b io m a s s  d e c r e a s e  w a s  o b s e r v e d  
d u r in g  th i s  t i m e - s e r ie s ,  a  c o r r e la t io n  o f  c o p e p o d s  
w i t h  t e m p e r a t u r e  (n e g a t iv e )  a n d  s a l in i ty  (p o s it iv e )  
in d ic a t e d  th e ir  d ir e c t  r e la t io n  to  t h e  p r e s e n c e  o f  th e  
d if fe r e n t  s u r fa c e  w a te r  m a s s e s ;  w h e n  c o ld e r  a n d  
s a l t ie r  M e d it e r r a n e a n  w a t e r s  p r e v a ile d  in  t h e  a re a , 
h ig h e r  Z o o p la n k t o n  b io m a s s  v a lu e s  w e r e  o b s e r v e d .  
F a c to r s  o t h e r  th a n  te m p e r a t u r e  a n d  s a l in i ty  c o u ld  
c o n t r ib u te  to  t h e  p la n k t o n  p a t t e r n  o b s e r v e d ,  b u t  
t h e  r e c o g n i t io n  o f  la r g e - s c a le  d e p e n d e n c e  o n  th e  
p h y s ic a l  e n v ir o n m e n t  is  a firs t a n d  n e c e s s a r y  s t e p  
to  u n d e r s t a n d in g  Z o o p la n k t o n  d is t r ib u t io n  in  th e  
w e s t e r n  M e d it e r r a n e a n .
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com parison  o f  select co-sanipled  
variables a t B aleares S ta tio n  (see 
Section 2 .2 .2  fo r  an e.rplanation 
o f  th is  figure).
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Figure 8.4
Long-term comparison of 
Baleares Station Zooplankton 
with HadlSST sea surface 
temperatures for the region (see 
Section 2.2.3 for an explanation 
of this figure).
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Site 36: Villefranche Point B (Côte d'Azur)

Lars Stemmann, Gabriel Gorsky, and Franck Prejger

F ig u re  8 .5
Location of the Villefranche 
Point B (Site 36) survey area 
and the seasonal summary plots 
for Zooplankton, chlorophyll,

1 % and surface temperature in this
p £  area (see Section 2.2.1 for an

explanation of this figure).
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T h e  V i l le f r a n c h e  P o in t  B  d a t a s e t  c o n s i s t s  o f  m o r e  
t h a n  3 0  y e a r s  o f  s a m p le s  c o l le c t e d  o f f  V i l le fr a n c h e  
a t 4 3 ° 4 1 'N  0 7 ° 1 9 'E  (F ig u r e  8 .5 ) .  S a m p le s  w e r e  
c o l le c t e d  b y  a  v e r t ic a l  t o w  fr o m  b o t t o m  to  s u r fa c e  
( 7 5 - 0  m ) ,  u s in g  a J u d a y - B o g o r o v  n e t  (3 3 0  p m  m e s h ;  
F ig u r e  8 .6 a )  fr o m  1 9 6 6  to  2 0 0 3 , a  R e g e n t  n e t  fr o m  
1 9 6 6  to  2 0 1 0  (6 9 0  p m  m e s h ) ,  a n d  a  W P - 2  n e t  fr o m  
1 9 9 5  to  2 0 1 0  (5 6  c m  d ia m e te r ,  2 0 0  p m  m e s h ;  F ig u r e  
8 .6 b ) .  S a m p le  p r o c e s s in g  is  s t i l l  u n d e r w a y , s o  n o t  
a ll y e a r s  w e r e  a v a ila b le  fo r  th i s  r e p o r t .  H e r e ,  w e  
r e p o r t  c o p e p o d  a b u n d a n c e  u s in g  J u d a y - B o g o r o v  
a n d  W P - 2  n e t s ,  c o u n t e d  u s in g  t h e  w e t - b e d  im a g e  
s c a n n in g  t e c h n iq u e  o f  Z o o S c a n  (G r o s je a n  et al.,
2 0 0 4 )  a n d  a s e m i - a u t o m a t ic  r e c o g n i t io n  m e t h o d  
(G o r s k y  et al., 2 0 1 0 ) .  Z o o p la n k t o n  s a m p le  a n a ly s is

is  p e r f o r m e d  b y  th e  R A D E Z O O  s e r v ic e  a t th e  
O c é a n o lo g ie  O b s e r v a t o r y  o f  V i l le f r a n c h e - s u r - M e r .  
O n l y  to t a l  c o p e p o d  a b u n d a n c e  is  r e p o r t e d  h e r e .  
O t h e r  ta x a  a re  c o u n t e d .  A  c o m p le t e  l i s t  o f  ta x a  is  
a v a ila b le  o n l in e  a t h t t p : / /w w w .o b s - v l f r . f r /R a d e /  
R a d e Z o o /R a d Z o o /A c c u e i l .h t m l .

C o p e p o d  a b u n d a n c e  t e n d s  to  b e  h ig h e s t  d u r in g  
y e a r s  w h e n  c o ld  a n d  s a l in e  s u r fa c e  w a t e r s  le a d  to  
s t r o n g  c o n v e c t io n ,  s u c h  a s  o c c u r r e d  in  t h e  1 9 8 0 s  
a n d  e a r ly  2 0 0 0 s  (F ig u r e  8 .5  a n d  8 .6 a  a n d  b ) ,  a n d  
d e c l in e  d u r in g  w a r m e r , l o w - s a l in i t y  p e r io d s ,  w h ic h  
p r e v e n t s  t h e  s u c c e s s  o f  w in t e r  c o n v e c t io n .  T h e  S S T s  
in  th e  r e g io n  h a v e  b e e n  w a r m e r  t h a n  t h e  1 0 0 -y e a r ,  
l o n g - t e r m  a v e r a g e  s in c e  1 9 8 5  (F ig u r e  8 .7 ) .
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explanation  o f  th is  figure).
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Figure 8 .7
Long-term HadlSST sea surface 
temperatures at Villefranche 
Point B (see Section 2.2.3 for an 
explanation of this figure).
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Site 37: MareChiara LTER (Gulf of Naples)

Maria Grazia Mazzocchi
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Figure 8.8
Location of the MareChiara 
LTER (Site 37) survey area and 
the seasonal summary plots 
for Zooplankton, chlorophyll, 
and surface temperature in this 
area (see Section 2.2.1 for an 
explanation of this figure).

T h e  G u l f  o f  N a p le s ,  lo c a t e d  in  th e  T y r r h e n ia n  S e a  at 
t h e  b o r d e r  b e t w e e n  t h e  c e n tr a l a n d  s o u t h e r n  r e g io n s  
o f  th e  w e s t e r n  M e d it e r r a n e a n , h a s  b e e n  a  s t u d y  s ite  
fo r  in v e s t ig a t io n s  o n  Z o o p la n k t o n  t a x o n o m y  a n d  
d is t r ib u t io n  s in c e  th e  1 9 th  c e n t u r y  (G ie s b r e c h t ,  
1 8 9 2 ) .  H o w e v e r ,  o n ly  r e g u la r  s a m p l in g ,  b e g u n  in  
1 9 8 4  fo r  t h e  M a r e C h ia r a  t i m e - s e r ie s ,  h a s  s ta r te d  to  
u n v e i l  a s p e c t s  o f  Z o o p la n k t o n  t e m p o r a l  e v o lu t io n  
a n d  r e c u r r e n c e s  in  th is  ty p ic a l  M e d it e r r a n e a n  
e m b a y m e n t  (M a z z o c c h i  a n d  R ib e r a  d 'A lc a lá , 1 9 9 5 ) .  
T h is  l o n g - t e r m  t i m e -  s e r ie s  f o c u s e s  o n  c h a r a c t e r iz in g  
t h e  s tr u c tu r e  o f  p la n k t o n  c o m m u n it i e s ,  in  t e r m s  
o f  s t a n d in g  s t o c k s  a n d  s p e c ie s  c o m p o s i t io n ,  a n d  
o n  f o l lo w in g  th e ir  v a r ia b i lity  a t d if fe r e n t  t e m p o r a l  
s c a le s  in  r e la t io n  to  e n v ir o n m e n t a l  c o n d i t io n s .  S in c e  
2 0 0 6 ,  t h e  M a r e C h ia r a  t i m e - s e r i e s  h a s  b e e n  p a r t o f  
t h e  I n te r n a t io n a l  n e t w o r k  o f  L o n g  T erm  E c o lo g ic a l  
R e s e a r c h  (I-L TER ; h t t p : / /  w w w . i l t e r n e t .e d u ).

T h e  s a m p l in g  s it e  is  lo c a t e d  ca . 3  k m  fr o m  th e  
c o a s t l in e ,  n e a r  t h e  75  m  is o b a t h  ( 4 0 ° 4 8 .5 'N  1 4 °1 5 'E ) ,  
a n d  a t t h e  b o u n d a r y  b e t w e e n  t w o  s u b s y s t e m s  
w h o s e  e x c h a n g e s  are  v e r y  d y n a m ic :  t h e  c o a s ta l  
e u tr o p h ic  a re a , in f lu e n c e d  b y  t h e  la n d  r u n - o f f  fr o m  
a v e r y  d e n s e ly  p o p u la t e d  r e g io n ,  a n d  t h e  o f f s h o r e  
o l ig o t r o p h ic  a r e a , s im i la r  to  th e  o p e n  T y r r h e n ia n  
w a t e r s  (F ig u r e  8 .8 ) .  S a m p l in g  h a s  b e e n  o n g o i n g  
s in c e  J a n u a r y  1 9 8 4 ,  w i t h  a  m a jo r  in t e r r u p t io n  fr o m  
1 9 9 3  to  1 9 9 4 .T h e  s a m p l in g  f r e q u e n c y  w a s  fo r tn ig h t ly  
u n t i l  1 9 9 0  a n d  w e e k l y  fr o m  1 9 9 5  to  p r e s e n t  (R ib er a  
d 'A lc a là  et al., 2 0 0 4 ) .  Z o o p la n k t o n  s a m p le s  w e r e  
c o l le c t e d  w i t h  t w o  s u c c e s s iv e  v e r t ic a l t o w s  fr o m

a d e p t h  o f  5 0  m  to  t h e  s u r fa c e  w i t h  a  N a n s e n  n e t  
(1 1 3  c m  d ia m e te r , 2 0 0  p m  m e s h ) .  O n e  f r e s h  s a m p le  
w a s  p r o c e s s e d  fo r  b io m a s s  m e a s u r e m e n t s  a s  d ry  
m a s s ,  w h e r e a s  t h e  o t h e r  s a m p le  w a s  f ix e d  w i t h  
b u f f e r e d  f o r m a ld e h y d e  (2 - 4 %  f in a l c o n c e n t r a t io n )  
fo r  t h e  d e t e r m in a t io n  o f  s p e c ie s  c o m p o s i t io n  a n d  
a b u n d a n c e .

T h e  w a t e r  c o lu m n  a t  t h e  s it e  is  t h o r o u g h ly  m ix e d  
fr o m  D e c e m b e r  to  M a r c h  a n d  s tr a t if ie d  d u r in g  th e  
r e s t  o f  t h e  y e a r .T h e  a n n u a l  c y c le  o f  d e p t h - in t e g r a t e d  
t e m p e r a t u r e  (n o t  s h o w n )  is  c h a r a c t e r iz e d  b y  l o w e s t  
v a lu e s  in  M a r c h  ( ~ 1 4 ° C )  a n d  h ig h e s t  v a lu e s  in  
S e p t e m b e r - O c t o b e r  (~ 2 0 ° C ) .  T e m p e r a tu r e , s a l in ity ,  
a n d  c h lo r o p h y l l  d e m o n s t r a t e  h ig h  in t e r a n n u a l  
v a r ia b ility . S ig n if ic a n t  t r e n d s  d u r in g  t h e  p e r io d  
1 9 8 4 - 2 0 0 6  h a v e  b e e n  r e c o r d e d  in  th e  in c r e a s in g  
s u m m e r  t e m p e r a t u r e s  a n d  in  t h e  d e c r e a s in g  
a n n u a l  c h lo r o p h y l l  a c o n c e n t r a t io n s  (M o d ig h  a n d  
C a s t a ld o ,  2 0 0 2 ;  R ib e r a  d 'A lc a là  et al., 2 0 0 4 ;  Z in g o n e  
et al., 2 0 1 0 ;  M . G . M a z z o c c h i ,  p e r s . c o m m .) .  T h e  
t e m p e r a t u r e  t r e n d s  c a n  b e  s e e n  in  t h e  H a d lS S T  
d a t e - m a t c h e d  a n d  lo n g - t e r m  a n o m a l ie s  (F ig u r e s  
8 .9 b  a n d  8 .1 0 ) .
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T h e  a v e r a g e  a n n u a l  c y c le s  o f  Z o o p la n k t o n  b io m a s s  
a n d  a b u n d a n c e  r e v e a l  m in im a  in  J a n u a r y  a n d  a n  
e x t e n d e d  s e a s o n  o f  h ig h  v a lu e s  fr o m  A p r il  t h r o u g h  
O c to b e r , w i t h  m a jo r  p e a k s  in  m id s u m m e r  (F ig u r e  
8 .9 a ) .  T h e  in t e r a n n u a l  v a r ia b i lity  o f  a b u n d a n c e  w a s  
m o r e  p r o n o u n c e d  in  t h e  fir s t p e r io d  (1 9 8 4 - 1 9 9 0 )  
t h a n  in  t h e  s e c o n d  p e r io d  ( 1 9 9 5 - 2 0 0 6 )  o f  th e  t im e -  
s e r ie s ,  a l t h o u g h  in t e r a n n u a l  a v e r a g e s  w e r e  s im ila r  
in  m a g n i t u d e .  T h e  Z o o p la n k t o n  c o m m u n it y  is  
n u m e r ic a l ly  d o m in a t e d  b y  c o p e p o d s ,  w h ic h  a c c o u n t  
fo r  6 1 - 7 8 %  o f  a n n u a l  a b u n d a n c e .  C la d o c e r a n s  (w ith  
h ig h  a n d  s t e e p  p e a k s  in  s u m m e r ) ,  tu n ic a t e s  (m a in ly  
a p p e n d ic u la r ia n s ) ,  m e r o p la n k t o n  (m a in ly  d e c a p o d  
la r v a e ) ,  a n d  c h a e t o g n a t h s  f o l lo w  t h e  c o p e p o d s  in  
r a n k  o r d e r  o f  a b u n d a n c e .  V a r io u s  o t h e r  t a x o n o m ic  
g r o u p s  (e .g .  a m p h ip o d s ,  o s t r a c o d s ,  c n id a r ia n s )  o c c u r  
in  m u c h  s m a lle r  n u m b e r s  a n d  lo w e r  fr e q u e n c y .

T h e  M a r e C h ia r a  c o p e p o d  a s s e m b la g e s  a re  h ig h ly  
d iv e r s if ie d ,  w i t h  1 3 6  id e n t i f i e d  s p e c ie s  s o  far  a n d  a 
f e w  u n id e n t i f i e d  h a r p a c t ic o id s  a n d  m o n s t r i l lo id s .  
T h e  b u lk  o f  th e  c o p e p o d  a b u n d a n c e  c o n s i s t s  o f  
s m a ll  in d iv id u a ls  (< 1  m m ) .T h e  s p e c ie s  c o m p o s i t io n  
c h a n g e s  t h r o u g h o u t  t h e  y e a r , a c q u ir in g  a s t r o n g

s e a s o n a l  s ig n a t u r e  (M . G . M a z z o c c h i ,  p e r s . c o m m .) .  
F r o m  s p r in g  t h r o u g h  a u t u m n ,  fo u r  a b u n d a n t  s p e c ie s  
p e a k  in  s u c c e s s io n :  Acartia  clausi a n d  Centropages 
typicus  in  s p r in g - e a r ly  s u m m e r , Pseudocalanus 
parous  in  fu l l  s u m m e r - e a r ly  a u tu m n , a n d  Temora 
stylifera  in  la t e  s u m m e r - a u t u m n .  T h e s e  fo u r  
c a la n o id s  o c c u r  t h r o u g h o u t  t h e  y e a r  a n d , to g e th e r ,  
r e p r e s e n t  a  fa ir ly  s ta b le  c o m p o n e n t  o f  c o p e p o d  
a s s e m b la g e s  th a t  a c c o u n t  fo r  4 7 .7 %  (± 6 .7 % ) o f  
t o t a l  c o p e p o d  a b u n d a n c e  fr o m  M a y  to  O c to b e r . In  
la t e  a u t u m n - e a r ly  s p r in g , w h e n  t h e  a n n u a l  m in im a l  
a b u n d a n c e  is  r e c o r d e d ,  c o p e p o d  a s s e m b la g e s  are  
m o r e  d iv e r s if ie d  t h a n  d u r in g  t h e  r e s t  o f  t h e  y ea r . 
T h e  m o s t  c o m m o n  g e n e r a  in  t h i s  p e r io d  a re  th e  
s m a l l  c a la n o id s  Clausocalanus, Calocalanus, a n d  
Ctenocalanus vanus, t h e  c y c lo p o id  Oithona, o n c a e id s ,  
a n d  c o r y c a e id s .  T h e  w i n t e r - e a r l y  s p r in g  c o p e p o d  
a s s e m b la g e s  a re  fu r th e r  e n r ic h e d  b y  t h e  r e g u la r ,  
a l t h o u g h  n u m e r ic a l ly  n e g l ig ib l e ,  o c c u r r e n c e  o f  la r g e  
c a la n o id  s p e c ie s  (> 1 .5  m m  t o t a l  le n g t h )  th a t  b e l o n g  
to  v a r io u s  f a m i l ie s  th a t  th r iv e  in  o f f s h o r e  d e e p e r  
w a t e r s  (m a in ly  N annocalanus m inor, Candacia s p p .,  
a n d  Pleurom amma  s p p .) .

F ig u re  S .9
Seasonal and interannual 
comparison of select co-sampled 
variables at MareChiara (see 
Section 2.2.2 for an explanation 
of this figure).
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Site 38: Gulf of Trieste (northern Adriatic Sea)

Serena Fonda-Umani
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Figure 8.11
Location of the Gulf of Trieste 
(Site 38) survey area and the 
seasonal summary plots for 
Zooplankton, chlorophyll, and 
surface temperature in this 
area (see Section 2.2.1 for an 
explanation of this figure).

S i f t  
Vi nnlh ijr

T h e  G u l f  o fT r ie s t e  is  t h e  n o r t h e r n m o s t ,  la n d lo c k e d  
s h a l lo w  b a y  o f  th e  A d r ia t ic  S e a  (F ig u r e  8 .1 1 ) .  It is  
c h a r a c t e r iz e d  b y  la r g e  a n d  v a r ia b le  fr e s h w a te r  in p u t .  
Z o o p la n k t o n  a re  c o l le c t e d  b y  v e r t ic a l  h a u ls  fr o m  
t h e  b o t t o m  (1 8  m ) to  th e  s u r fa c e  u s in g  a W P - 2  n e t  
(5 6  c m  d ia m e te r , 2 0 0  m  m e s h ) .T h e  d a ta  h a v e  b e e n  
c o l le c t e d  m o n t h l y  s in c e  A p r il  1 9 7 0 , w i t h  a  5 - y e a r  
g a p  fr o m  J a n u a r y  1 9 8 1  to  F e b r u a r y  1 9 8 6 , in c lu s iv e .

T h e  m e s o z o o p l a n k t o n  c o m m u n it y  in  t h e  G u lf  
o f  T r ie ste  is  c h a r a c t e r iz e d  b y  a  s m a l l  n u m b e r  
(a p p r o x im a te ly  3 0 )  o f  c o a s t a l  a n d  e s t u a r in e  s p e c ie s ,  
w h ic h  c a n  e x h ib it  h ig h  d o m in a n c e .  C o p e p o d s  
d o m in a t e  in  a ll m o n t h s  e x c e p t  J u n e  a n d  July, w h e n  
c la d o c e r a n s  ( e s p e c ia l ly  Penilia avirostris) ta k e  o v er .

T h e  c a la n o id  c o p e p o d  Acartia  clausi is  d o m in a n t  fo r  
m o s t  o f  th e  y e a r , b u t  r e c e n t ly  it s  a v e r a g e  p e r c e n t a g e  
a b u n d a n c e  h a s  d e c r e a s e d .  O v e r  t h e  m o r e  t h a n  3 0 -  
y e a r  t i m e - s e r ie s ,  a r e g u la r  p e a k  in  t o t a l  c o p e p o d  
a b u n d a n c e  w a s  p r e s e n t  in  M a y , w i t h  a  s m a lle r  
s e c o n d  p e a k  in  N o v e m b e r .

S in c e  1 9 8 7  (C o n v e r s i  et al., 2 0 0 9 ,2 0 1 0 ;  F ig u r e  8 .1 2 b ) ,  
a s ig n if ic a n t  in c r e a s e  in  te m p e r a t u r e  (p a r tic u la r ly  
in  s u m m e r  a n d  a u tu m n )  w a s  o b s e r v e d ,  a s  w e l l  
a s  a g e n e r a l  in c r e a s e  in  t o t a l  c o p e p o d  a b u n d a n c e  
(F ig u r e  8 .1 2 a ) .  T h e  S S T s  in  t h e  r e g io n  h a v e  b e e n  
a b o v e  t h e  1 0 0 - y e a r  a v e r a g e  s in c e  1 9 8 6  a n d , s in c e  
2 0 0 0 ,  h a v e  o f t e n  b e e n  t h e  w a r m e s t  s e e n  fo r  t h e  p a s t  
1 0 0  y e a r s  (F ig u r e  8 .1 3 ) .
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Figure 8.12
Seasonal and interannual 
comparison of select co-sampled 
variables at Gulf of Trieste (see 
Section 2.2.2 for an explanation 
of this figure).
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L ong-term  H a d lS S T  sea surface  
teuipera tures a t G u l f  o fT rieste  (see 
Section 2 .2 .3  fo r  an e.rpianation 
o f  th is  figure).
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Site 39: Stoncica (central Adriatic Sea)

Olja Vidjak

Figure 8.14
Location of the Stoncica (Site J
39) survey area and the seasonal J
summary plots for Zooplankton, ’■£
chlorophyll, and surface j f
temperature in this area (see 
Section 2.2.1 for an explanation
o f  th is  fig u re). : : ° i J 0 9 o Q O O ° <? 9
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T h e  o f f s h o r e  s t a t io n  o f  S t o n c ic a  is  lo c a t e d  at 
4 3 ° 0 2 '3 8 'N  1 6 °1 7 '7 'E  in  th e  c e n tr a l A d r ia t ic  S e a  
(F ig u r e  8 .1 4 )  a t a  m a x im u m  d e p t h  o f  1 0 7  m  a n d  
w i t h  a  d e tr ita l  a n d  s l ig h t ly  m u d d y  b o t t o m . T h e  
a n n u a l  d y n a m ic s  o f  t h e  s u r fa c e  t e m p e r a t u r e  
a re  c h a r a c t e r iz e d  b y  a  p e a k  in  A u g u s t  a n d  
m in im u m  in  M a r c h  (F ig u r e  8 .1 5 b ) .  B a s e d  o n  
l o n g - t e r m  m o n i t o r i n g  o f  t h e  c h e m ic a l  a n d  
b io lo g ic a l  p a r a m e te r s ,  t h e  a r e a  is  d e s ig n a t e d  a s  
a n  o l ig o t r o p h ic  o p e n  s e a ,  c h a r a c t e r iz e d  b y  h ig h  
t r a n s p a r e n c y  a n d  d e c r e a s e d  p h y t o p la n k t o n  a n d  
Z o o p la n k t o n  a b u n d a n c e ,  c o m p a r e d  w i t h  th e  
m o r e  p r o d u c t iv e  c o a s ta l  a r e a s  a r o u n d  th e  c e n tr a l  
A d r ia t ic .  T h e  s t a t io n  is  s t r o n g ly  in f lu e n c e d  b y  th e  
in c o m in g  M e d it e r r a n e a n  w a t e r  m a s s e s  k n o w n  a s  
t h e  L e v a n t in e  I n te r m e d ia t e  W a te r  (L IW ).

R e g u la r  Z o o p la n k t o n  s a m p l in g  a t t h i s  p e r m a n e n t  
m o n it o r in g  s it e  w a s  s ta r te d  in  1 9 5 9  a n d  p e r f o r m e d  
a t a p p r o x im a t e ly  m o n t h l y  in t e r v a ls  u s in g  a 
H e n s e n  n e t  (7 3  c m  d ia m e te r , 3 3 0  p m  m e s h )  t o w e d  
v e r t ic a l ly  fr o m  n e a r - b o t t o m  to  th e  s u r fa c e  ( 1 0 0 - 0  
m ) . S p e c ia l  e m p h a s i s  w a s  g iv e n  to  c o p e p o d s ,  
b e c a u s e  t h e y  a re  g e n e r a l ly  t h e  m o s t  im p o r ta n t  
n e t  Z o o p la n k t o n  c o m p o n e n t  a n d  a re  s ig n if ic a n t  
p r e y  to  t h e  c o m m e r c ia l ly  im p o r ta n t  p la n k t iv o r o u s  
f i s h . A p p r o x im a t e ly  9 0  c o p e p o d  s p e c ie s  h a v e  b e e n  
r e g is t e r e d  in  t h i s  a r e a , w h e r e ,  a p a r t  fr o m  th e  o p e n -  
s e a  s p e c ie s ,  t h e  s u r fa c e  w a t e r s  a ls o  h o s t  m a n y  n e r it ic  
c o p e p o d s .  T h e s e  a re  d is t r ib u t e d  e ith e r  fr o m  th e  
s h a l lo w  n o r t h e r n  A d r ia t ic  a re a  v ia  s o u t h - f lo w in g  
s u r fa c e  c u r r e n t s  d u r in g  s u m m e r , o r  t h r o u g h  th e  
s p r e a d in g  o f  c o a s ta l  w a t e r s  to w a r d s  t h e  o p e n  s e a .

T h e  s a m e  s a m p l in g  m e t h o d o lo g y  w a s  c o n s i s t e n t  
u n t i l  1 9 9 1 ;  d u r in g  1 9 9 1 - 1 9 9 4 ,  t h e  s a m p l in g  
p r o g r a m m e  w a s  in t e r r u p t e d .  In  J a n u a r y  1 9 9 5 ,  th e  
p r o g r a m m e  w a s  r e s u m e d ,  b u t  t h e  s a m p le s  h a v e  n o t  
y e t  b e e n  p r o c e s s e d  a n d  a re  s to r e d  in  t h e  I n s t itu t e  
o f  O c e a n o g r a p h y  a n d  F is h e r ie s  (IZ O R ). F r o m  th e  
e n d  o f  t h e  1 9 9 0 s ,  t h e  r e s e a r c h  in t e r e s t s  w i t h in  
t h e  I n s t i tu t e  s h i f t e d  to w a r d s  t h e  r o le  o f  s m a lle r  
fr a c t io n s  o f  t h e  Z o o p la n k t o n ,  s u c h  a s  t in t in n id s ,  
r a d io la r ia n s , c o p e p o d  d e v e lo p m e n t a l  s t a g e s ,  a n d  
s m a l l  c o p e p o d  s p e c ie s .  C o n s e q u e n t ly ,  s a m p l in g s  
w i t h  f in e r  p la n k t o n  n e t s  a re  c u r r e n t ly  p e r f o r m e d  
r e g u la r ly  a t t h i s  s ite .

L o n g - t e r m  Z o o p la n k t o n  d a ta  fr o m  S to n c ic a  h a v e  
b e e n  a n a ly s e d  in  s e v e r a l  p a p e r s  (R e g n e r , 1 9 8 1 ,  
1 9 8 5 ,1 9 9 1 ;  B a r a n o v ic  et al., 1 9 9 3 ;  S o l ic  et al., 1 9 9 7 ) .  
T h e  a n a ly s e s  o f  c o p e p o d  a b u n d a n c e  id e n t i f i e d  th e  
d o m in a n t  s e a s o n a l  p a t t e r n ,  w i t h  t h e  a p p e a r a n c e  
o f  a  s t r o n g  p e a k  in  A p r il  (F ig u r e  8 .1 5 a );  o n  th e  
in t e r a n n u a l  s c a le ,  a s l ig h t  d e c r e a s e  in  a b u n d a n c e  
w a s  o b s e r v e d  a fte r  t h e  1 9 8 0 s .

T h e  S S T s  in  t h e  r e g io n  h a v e  b e e n  a b o v e  th e  1 0 0 -  
y e a r  a v e r a g e  s in c e  1 9 8 6  a n d , s in c e  2 0 0 0 ,  h a v e  o f t e n  
b e e n  t h e  w a r m e s t  s e e n  fo r  t h e  p a s t  1 0 0  y e a r s  
(F ig u r e  8 .1 6 ) .
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com parison  o f  select co-sanipled  
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figure).
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Site 40: Saroñikos S i l  (Aegean Sea)

Ioanna Siokou-Frangou and Soultana Zervoudaki

Figure 8.17
Location of the Saroñikos S i l  
(Site 40) survey area and the g
seasonal summary plots for £
Zooplankton, chlorophyll, and ;
surface temperature in this 
area (see Section 2.2.1 for an 
explanation of this figure).
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S a r o ñ ik o s  S ta t io n  1 1  ( S a r o ñ ik o s  S i l )  is  lo c a t e d  in  
t h e  S a r o ñ ik o s  G u l f  a t 3 7 ° 5 2 .3 6 ' N  2 3 ° 3 8 .3 0 'E  (F ig u r e  
8 .1 7 ) ,  w i t h  a b o t t o m  d e p t h  o f  7 8  m . Z o o p la n k t o n  
w e r e  s a m p le d  w i t h  a W P - 2  n e t  (5 6  c m  d ia m e te r ,  
2 0 0  p m  m e s h )  fr o m  a d e p t h  o f  75  m  to  th e  s u r fa c e .  
M o n it o r in g  o f  Z o o p la n k t o n  a n d  a b io t ic  p a r a m e te r s  
s ta r te d  in  1 9 8 7 ,  w i t h  v a r ia b le  ( m o n t h ly  o r  s e a s o n a l)  
s a m p l in g  f r e q u e n c y  a n d  p e r io d ic  g a p s .

Z o o p la n k t o n  b io m a s s  ( to ta l d r y  m a s s )  w a s  h ig h e s t  
d u r in g  th e  w e l l - m i x e d  w in t e r  p e r io d ,  w i t h  m a x im a  
in  A p r il ,  f o l lo w e d  b y  a  g e n e r a l  d e c l in e  a c c o m p a n y in g  
in c r e a s in g  w a t e r  t e m p e r a t u r e s  a n d  s tr a t if ic a t io n  
(F ig u r e  8 .1 8 a ) .  S a r o ñ ik o s  S i l  s u r fa c e  t e m p e r a t u r e  
p e a k s  in  A u g u s t  a n d  h a s  a  m in im u m  in  F e b r u a r y -  
M a r c h  (F ig u r e  8 .1 8 b ) .  S a l in i ty  r a n g e s  b e t w e e n  3 8  
a n d  3 9  p s u ,  d e p e n d in g  o n  t h e  v a r ia b le  in f lo w  o f  
A e g e a n  w a t e r  (K o n t o y ia n n is  et ah, 2 0 0 5 ) .

S a r o ñ k is  S i l  is  lo c a t e d  7  k m  fr o m  th e  A t h e n s  
d o m e s t ic  s e w a g e  o u t fa l l .  P r io r  to  1 9 9 4 , u n tr e a t e d  
w a s t e w a t e r  w a s  d i s p o s e d  a t th e  s e a  s u r fa c e . In  
2 0 0 4 ,  p r im a r y - tr e a t e d  w a s t e w a t e r  w a s  d i s p o s e d  at 
a d e p t h  o f  6 0  m , b e l o w  t h e  s e a s o n a l  th e r m o c l in e .  
S in c e  2 0 0 4 ,  t h i s  w a s t e w a t e r  h a s  b e e n  fu r th e r  tr e a t e d  
in  o r d e r  to  e l im in a t e  its  o r g a n ic  lo a d  a n d  to  g r e a t ly

r e d u c e  it s  n u tr ie n t  c o n t e n t .  In  s p it e  o f  a d d it io n a l  
t r e a t m e n t ,  n u tr ie n t  c o n c e n t r a t io n s  in c r e a s e d  d u r in g  
t h e  p e r io d  1 9 8 7 - 2 0 0 4 ,  r e la t e d  to  a n  in c r e a s e  in  
s e w a g e  v o lu m e .  D u r in g  t h i s  p e r io d ,  p h y t o p la n k t o n  
b io m a s s  d e c r e a s e d  u n t i l  2 0 0 2 ,  p r o b a b ly  b e c a u s e  o f  
t h e  a v a i la b il ity  o f  n u t r ie n t s  a t d e p t h  a fte r  1 9 9 4  a n d  
t h e  c o m p e t i t i o n  w i t h  b a c t e r ia  (S io k o u - F r a n g o u  et 
ah, 2 0 0 7 ;  Z e r i et ah, 2 0 0 9 ) .  In  c o n tr a s t ,  Z o o p la n k t o n  
b io m a s s  r e v e a le d  a  c le a r  in c r e a s in g  t r e n d  fr o m  
1 9 8 7  to  2 0 0 3 ,  f o l l o w e d  b y  a  s l ig h t  d e c r e a s e  (F ig u r e  
8 .1 8 a ) .

D espite an  apparen t covariability of seaw ater 
tem perature  and  Zooplankton b iom ass anom alies, 
no correlation w as found betw een  climate indices 
and  Zooplankton groups (Berline et ah, In press). 
N evertheless, investigation at the species level could 
provide m ore inform ation for the study area. The 
com bination  of several driving forces affecting the 
area and  the lack of data  m akes the investigation of 
Zooplankton variability quite difficult. C ontinuation  
of the m onitoring  w ithout gaps and  greater stability 
obtained  in  an thropogenic factors could perm it a 
b e tte r unders tand ing  of Zooplankton dynam ics in 
future.
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9. ZOOPLANKTON OF THE 
NORTH ATLANTIC BASIN
Priscilla Licandro

T h e  C o n t in u o u s  P la n k t o n  R e c o r d e r  (C P R ) su rv ey , 
o p e r a t e d  b y  th e  S ir  A l is t e r  P ia r d y  F o u n d a t io n  fo r  
O c e a n  S c ie n c e  (S A F F F O S ; h t tp : / /w w w .S A F F F O S . 
o r g ) , h a s  b e e n  s a m p l in g  p la n k t o n  in  t h e  N o r t h  
A t la n t ic  a n d  N o r t h  S e a  fo r  m o r e  t h a n  7 0  y e a r s .  
T h e  C P R  in s t r u m e n t  is  t o w e d  a t t h e  s u r fa c e  b e h in d  
v o lu n t e e r - o p e r a t e d  v e s s e l s  ( s h ip s  o f  o p p o r tu n i ty ) ,  
s a m p l in g  p la n k t o n  o n t o  a  m o v in g  2 7 0  p m  b a n d  
o f  n e t  s i lk  a s  th e  v e s s e l  a n d  C P R  u n it  tr a v e r se  th e  
N o r t h  A t la n t ic  a n d /o r  N o r t h  S e a .  W ith in  t h e  C P R  
in s t r u m e n t ,  t h e  n e t  s i lk  a n d  its  c a p t u r e d  p la n k to n  
a re  p r e s e r v e d  in  fo r m a lin  u n t i l  t h e y  a re  r e t u r n e d  
to  S A F iF O S . D u r in g  t h e  p r o c e s s in g ,  t h e  n e t  s i lk  is  
d iv id e d  in t o  s e c t i o n s  r e p r e s e n t in g  FO n a u t ic a l  m i le s  
o f  t o w in g ,  a n d  e a c h  s e c t i o n  is  a n a ly s e d  fo r  p la n k t o n  
c o m p o s i t io n  a n d  a b u n d a n c e .

T h e  N o r t h  A t la n t ic  C P R  d a ta b a s e  c o n t a in s  m o r e  
t h a n  5  m i l l i o n  p la n k t o n  o b s e r v a t io n s  a n a ly s e d  fr o m  
m o r e  t h a n  2 0 0  0 0 0  s i lk  s e c t io n s .  B y  r e p r e s e n t in g  
t h e  m id p o in t  o f  e a c h  s ilk  s e c t i o n  w i t h  a  g r e y  d o t ,  
t h e  s p a t ia l  c o v e r a g e  o f  t h e  N o r t h  A t la n t ic  a r e a  o f  
t h e  C P R  s u r v e y  is  s h o w n  in  F ig u r e  9 .2 . T h is  a re a  is  
fu r th e r  d iv id e d  in t o  4 0  g e o g r a p h ic  r e g io n s ,  k n o w n  a s  
C P R  s ta n d a r d  a r e a s  (F ig u r e s  9 .F a n d  9 .2 ; r e d  b o x e s )  
a n d  r e fe r r e d  to  b y  a lp h a - n u m e r ic a l  id e n t i f i e r s  (e .g .  
A F , E 6 ).

http://www.SAFFFOS
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Figure 9 .1
Locations of CPR standard areas 
plotted on a map of average 
chlorophyll concentration (see 
Section 2.3.2).

Figure 9 .2
Locations of CPR plankton 
samples (grey dots) with an 
overlay (red lines) indicating the 
CPR standard areas.

ï  1
i  3 I  i
< i
“  u 
ê  - i

u -C P R -W  (easlcm  \ b r t h  Allonric) cnpopnd a b u n d an ce  (N jri '11)

!.. J U I t

ï  * 
A 3
i  2
i  I
t : b

f  -i

] 2 J  3 5 6 7 » 4 10 I! 12 1950 I960 1470 10H) 1990

h. CPK-U6 (central Ninrth Atlantic) copepod abundance (N m ')

2ttU 2010

Ô 0 à < ? o Q ù  A j l i  -I  I 4 ll  1*1^^
H n m

7—i---- - - - - - - - - - - - - - i—r i -------
1 2  3 4 S i  7 9 4  1011 12

V T --1 -r
J« Ü  1060 19711 19ÜO 1990 3)00

r  0 ÍO

»

-  a w i £

! -n .s o
I

D
-G<

-  1. «

_>■
d

-  D.Ü0 <
; P .W  

- -Ú .W t
7

-1.1)1! i¡—
2010

S
2

7
-D
<

J

r . Ç P R -D R (w ^ t e m v  N o r th  A l la n i ic1) C fíp ep o d  a b u n d a n c e  (N  m  ') 

ç o ^ 0 O t > 6 ^ c  ^  V V  r i _ .

f '1  *
'I I . I I I I I .

1 2  3 4 5 *  7  B 9 101112 1980
■ ■ ■ ■ ■
2000

Û.50 

Ü.LU 
F- -0.5Ü

Figure 9 .3
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comparison o f three CPR 
standard area boxes from the 
(a) eastern, (b) central, and (c) 
western North Atlantic (see 
Section 2.2.2 for an explanation 
of this figure).
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A lthough standard  W GZE figures (sensu Figure 9.3) 
could be created for all 40 CPR sites, it w ould no t 
necessarily provide a coherent spatial picture of the 
N orth  A tlantic Basin. For b e tte r visualization of this 
large data collection, spatial com pilation m aps w ere 
created to represen t the entire N orth  A tlantic and 
N orth  Sea tim e-series data collection. A pplying this 
to the CPR copepod abundance tim e-series data, 
Figure 9.4 show s the cross-basin results for each 
of the CPR standard  areas. It is im portan t to note 
th a t this figure differs from the standard  WGZE 
anom aly figures in  th a t the values represen t annual 
anom alies based  on  non-log-transfo rm ed  values. In 
each subfigure, blue dots indicate annual anom aly 
values, w hile a solid red line indicates the zero- 
value anom aly (i.e. the  climatology).

In  m ost areas of the N ortheast A tlantic (e.g. Figures 
9.3a and  9.4), to tal copepod abundance has been  
decreasing since the beg inn ing  of the tim e-series. 
B etw een 2007 and  2008, copepods increased slightly 
in  the English C hannel and  in  the sou theast N orth  
Sea, w hereas very low  concentrations w ere recorded 
over the northw est European shelf sou th  of Iceland. 
In  the w estern  N orth  A tlantic (Figures 9.3c and  9.4), 
copepod abundance has rem ained relatively stable 
or has increased, particularly in  the region around 
and  south  of N ew foundland.

To u nders tand  long-term  changes in  Zooplankton 
populations, it is essential to unders tand  the 
changes occurring in  the low er trophic levels. The 
CPR phytoplankton  colour index (PCI) w as used  to 
investigate changes in  phytoplankton  in  the N orth  
A tlantic. The PCI is the degree of greenness of the 
CPR silk. It includes the chloroplasts of unbroken

and  broken  cells, as well as small, unarm oured  
flagellates, w hich  ten d  to d isintegrate on contact 
w ith  the net. The phytop lankton  colour on  the 
silk is a good index of total chlorophyll content 
(Flays and  Lindley, 1994) and  is closely related  to 
phytoplankton  biom ass estim ates from  satellite 
observations (Batten et al., 2003; Raitsos et al., 2005). 
L ong-term  in terannual values of phytoplankton  
colour in  CPR standard  areas in  the N orth  A tlantic 
from  1958 to 2008 are show n in Figure 9.5. There 
has b een  a large increase in  the PCI since the late 
1980s in  m ost regions, particularly in  the N ortheast 
A tlantic and  the N ew foundland  Shelf. In 2007- 
2008, the values of PCI w ere still above the long­
term  m ean, b u t a slight decrease in  the PCI was 
recorded over the w estern  E uropean shelf south  
of Ireland and  in the region around  and  sou th  of 
N ew foundland.

The sea surface tem perature  (SST) tim e-series from 
1958 to 2008 for CPR standard  areas increased 
overall since the early 1970s for the w hole of the 
N orth  A tlantic (Figure 9.6). Surface tem peratures in 
2007-2008 w ere above the long-term  m ean  in  all 
regions, b u t a relative decrease in  SST w as recorded 
in 2008 in the central N orth  Atlantic.
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Copepods are the dominant 
species in many pelagic 
Zooplankton communities. 
Photo by M. G. Mazzocchi.
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11. METADATA: 
CHARACTERISTICS OF THE 
COLLECTIONS USED

Country USA Canada

Sampling/
monitoring
programme

NMFS-NEFSC BIOS AZMP

Sampling site 
name

MAB SNE GOM GB BATS Prince 5 Halifax 
Line 2

Anticosti Gyre 
and Gaspé Current

Station 27

WGZE site 
num ber

1 2  3 4 9 5 6 7 8

Sampling
location

Mid- Southern Gulf of Georges 
Atlantic New Maine Bank 

Bight England

Sargasso
Sea

Bay of Scotian 
Fundy Shelf

Gulf of 
St Lawrence

Newfoundland
Shelf

Sampling
duration

1977- 1977- 1977- 1977- 
present present present present

1994-
present

1999- 1999- 
present present

1999-
present

1999
present

Sampling
frequency

Cross-monthly surveys 
six times per year

Monthly/
biweekly

Monthly/biwe ekly

Sampling
gear
(diameter)

Bongo net
Ringnet 
(100 cm) Ringnet (75 cm)

Sampling 
m esh (pm)

333 pm 202 pm 200 pm

Sampling 
depth (m)

0-200 (or bottom) 0-200 0-bottom

Contact
person

Jon Hare Debbie
Steinberg

Erica Head Michel Harvey Pierre Pepin

Contact's
email
address

Jon.HareC’noaa.gov DebbieS®1
vims.edu

Erica.Head®1
dfo-mpo.gc.ca

Michel.Harvey®1
dfo-mpo.gc.ca

Pierre.Pepin®1 
dfo-mpo.gc.ca
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Country Iceland Faroe Islands Norway

Sam pling / 
m onitoring 
program m e

MRI- Iceland FM RI-Faroe
Islands

IM R-Bergen

Sam pling site 
nam e

Selvogsbanki
transect

Siglunes
transect

Faroe Islands 
(southern 

N orw egian 
Sea)

Svinoy
transect

Fugloya-
Bjornoya
transect

V ardo-
N ord

transect

W GZE site 
num ber

10 11 12 13 14 15

Sam pling
location

South
Iceland

N orth
Iceland

Southern  
N orw egian 
Sea, Faroe 

Shelf

N orw egian
Sea

W estern 
Barents Sea

Eastern 
Barents Sea

Sam pling
duration

1971-
presen t

1961-
presen t

1990-
presen t

1996-
presen t

1994-
present

1994-
p resen t

Sam pling
frequency

A nnually  (M ay-June) A nnually 
(late May)

4-6  tim es 
per year

3 -6  tim es 
per year

3-4  
per year

Sam pling
gear
(diameter)

1971-1991, H ensen  net; 
1992- p resent, W P-2 net

1990-1991, 
H ensen  net; 

1992-present, 
W P-2 net

W P-2 n e t (56 cm)

Sam pling 
m esh  (pm)

200 pm 200 pm 1—̂
 

OO
 

O B

Sam pling 
dep th  (m)

0 - ■50 0-50 0-200 0-100 0-100

C ontact
person

A stthor G islason Eilif G aard W ebjorn Melle

C ontact's
e-m ail
address

astthor@ hafro.is eilifg@frs.fo webjorn@ im r.no
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Country Finland Estonia Latvia Germany

Sampling / 
m onitoring 
programme

HELCOM Monitoring HELCOM
Monitoring

National 
Monitoring 
Programme 

of Latvia

LatFRA-
M onitoring

IOW

Sampling 
site name

Bothnian
Bay

Bothnian
Sea

Gulf of 
Finland

The
Baltic

Proper

Tallinn
Bay

Pärnu Bay Station 121 Eastern
Gotland

Basin

Arkona Basin

WGZE site 
num ber

16 17 19 23 18 20 21 22 24

Sampling
location

Northern 
Baltic Sea

Northern 
Baltic Sea

Eastern 
Baltic Sea

Central 
Baltic Sea

Gulf of 
Finland

Northeast 
Gulf of Riga

Gulf of 
Riga

Central Baltic 
Sea

Southern 
Baltic Sea

Sampling
duration

1979-
present

1979-
present

1979-
present

1979-
present

1993-
present

1957-
present

1993-
present

1960-
present

1979-
present

Sampling
frequency August

Up to 10 
times 

per year

M onthly to 
weekly in 
non-ice 
m onths

At least 3 
times 

per year

Seasonally Seasonally

Sampling
gear
(diameter)

W P-2 net (56 cm) Juday net (36 cm) WP-2 net Juday net 
(36 cm)

WP-2 net

Sampling 
m esh (pm)

100 pm 90 pm 100 pm 160 pm 100 pm

Sampling 
depth (m)

0-bottom 0-bottom 0-50 0-100 0-25

Contact
person

Maiju Lehtiniemi Arno
Pöllumäe

Anda
Ikauniece

Solvita Strake, 
Georgs Kornilovs

Lutz Postel

Contact's
email
address

maiju .lehtiniemi®1 
ymparisto.fi

arnoC’sea.ee anda®1
monit.lu

solvita®1
hydro.edu.lv

lutz.postel®1 
io-warnem uende 

.de
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Country Norway Germany UK

Sampling / 
m onitoring 
programme

IMR BSH and DZMB FRS-MLA PML

Sampling 
site name

Arendal Station 2 Helgoland Roads Stonehaven Loch Ewe Plymouth L4

WGZE site 
num ber

25 26 27 28 29

Sampling
location

Northern Skagerrak Southeastern 
North Sea

Northwestern 
North Sea

Northwest
Scotland

English Channel

Sampling
duration

1994-present 1975-present 1997-present 2002- present 1988-present

Sampling
frequency

Twice per m onth Eveiy M onday 
W ednesday and Friday

Weekly 
(52 weeks per year)

Weekly ( —40 
weeks per year)

Sampling
gear
(diameter)

W P-2 net Hydrobios 
and Calcofi

Bongo net (40 cm) WP-2 net

Sampling 
mesh (pm)

180 pm 150 pm, 500 pm 200 pm 200 pm

Sampling 
depth (m)

0-50 0-bottom 0-50 0-35 0-50

Contact
person

Tone Falkenhaug M aarten Boersma Steve Hay Claudia
Halsband-Lenk

Contact's
email
address

Tone .Falkenhaug®1 
imr.no

Maarten. Boersma®1 
awi.de

haysj ®marlab.ac.uk claulC ’pml.ac.uk

1 4 6 /1 4 7



ICES Cooperative Research Report No. 307

Country Spain Portugal

Sampling / 
m onitoring 
programme

IEO-Spain IPIMAR

Sampling 
site name

Santander Gijon A Coruña Vigo Cascais

WGZE site 
num ber

30 31 32 33 34

Sampling
location

Southern Bay 
of Biscay

Southwestern 
Bay of Biscay

Northwest Iberian 
peninsula

West Iberian 
peninsula

Southwest Iberian 
peninsula

Sampling
duration

1991-present 2001-present 1990-present 1994-present 2005-present

Sampling
frequency

Monthly Monthly Monthly Monthly Monthly

Sampling
gear
(diameter)

Juday net (50 cm) W P-2 net (38 cm) Juday net (50 cm) Bongo net (40 cm) W P-2 net (50 cm)

Sampling 
m esh (pm)

250 pm 200 pm 1971-1996, 250 pm; 
1996-present, 200 pm

200 pm 200 pm

Sampling 
depth (m)

0-50 0-100 0-50 0-95 0-30

Contact
person

Carmen Rodriguez Angel Lopez-Urrutia Maite Alvarez-Ossorio Ana Miranda Antonina dos 
Santos

Contact's
email
address

carmenls’st.ieo.es alop<®gi .ieo.es maite .alvarez ®’co .ie o .es ana.miranda®1«  .ieo.es antoninaS’ipimar.pt
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Country Spain France Italy Croatia Greece

Sampling / 
m onitoring 
programme

IEO-Spain LOV-France SZN-Italy UNITS-Italy IZOR-Croatia HCMR-Greece

Sampling 
site name

Baleares Station Villefranche 
Point B

MareChiara
LTER

Gulf of Trieste Stoncica Saronikos S l l

WGZE site 
num ber

35 36 37 38 39 40

Sampling
location

Balearic Sea Cote d'Azur Gulf of Naples Northern 
Adriatic Sea

Central 
Adriatic Sea

Aegean Sea

Sampling
duration

1994-present 1974-present 1984-present 1970-present 1959-1991;
1995-present
(unprocessed)

1987-present

Sampling
frequency

Monthly 
(until 2006)

Monthly Monthly Monthly Monthly 
( with gaps)

Seasonally 
(1987-1998); 

monthly after 1999

Sampling
gear
(diameter)

Bongo net (20 cm) Juday-Bogorov
net

Nansen net 
(113 cm)

W P-2 net Hensen net 
( 73 cm)

W P-2 net

Sampling 
m esh (pm)

100/250 pm 330 pm 200 pm 200 pm 330 pm 200 pm

Sampling 
depth (m)

0-100 0 -7 5 0-50 0-18 0-100 0-75

Contact
person

Maria Luz 
Fernández de Puelles

Lars
Stemmann

Maria Grazia 
Mazzocchi

Serena Fonda- 
Umani

OljaVidjak Ionna Siokou- 
Frangou

Contact's
email
address

mluz.fernandezi® 
ba.ieo.es

steinmanni®
obsvlfr.fr

grazia<®szn.it s.fondaC’units.it vidjakCsizor.hr isiokouC®
ath.hcmr.gr
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Country UK

Sampling / 
m onitoring 
programme

Continuous Plankton Recorder

Sampling 
site name

CPR surveys

WGZE site 
num ber

CPR standard areas*

Sampling
location

Trans-Atlantic Basin

Sampling
duration

1946-present

Sampling
frequency

M onthly (with gaps)

Sampling
gear
(diameter)

CPR (1.24 cm)

Sampling 
m esh (pm)

270 pm

Sampling 
depth (m)

Subsurface (7—10 m)

Contact
person

Priscilla Licandro

Contact's
email
address

prliC’sahfos.ac.uk

* See Figure 9.1.
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12. LIST OF ABBREVIATIONS

AW A tlantic w ater

BATS B erm uda A tlantic Tim e-series Study

CPR C ontinuous P lankton  Recorder

CTD conductiv ity -tem pera tu re-dep th

DFO D epartm en t of Fisheries and  O ceans C anada

EIW East Icelandic W ater

FIMR Finnish Institu te of M arine Research; now  the Finnish E nvironm ent Institute

G lobColour G lobC olour Project chlorophyll-a concentration  m erged level-3 dataset

HadlSST H adley C entre G lobal Sea lee Coverage and  Sea Surface Tem perature dataset

HELCOM H elsinki C om m ission

IMR N orw egian Institu te of M arine Research

IPC Iberian Poleward C urrent

NAO N orth  A tlantic Oscillation

NMFS N ational M arine Fisheries Service (under NOAA)

NOAA N ational O ceanic A tm ospheric A dm inistration  (USA)

PCI the CPR phytop lankton  colour index

PROBE PR O gram  for B oundary layers in  the Environm ent

SST sea surface tem perature

WGZE W orking G roup on  Z ooplankton  Ecology
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