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ABSTRACT

We review seasonal and interannual variations in the concentrations of major nutrients,
chlorophyll a, as well as the abundance of major taxa of zooplankton measured from Station 27
and along standard transects of the Atlantic Zone Monitoring Program (AZMP) in the
Newfoundland region for 2009 and 2010. Across the region, annual nitrate inventories (shallow
and deep) have declined since 2008 and appear to be continuing to decrease in 2010.
Chlorophyll concentrations in 2009 were at their highest levels since the start of AZMP activities
in the region but returned to near normal values in 2010. In 2009 and 2010, the principal
zooplankton indices indicated that abundance was generally higher than average, with densities
reaching their highest levels in 2010 along many of the oceanographic sections. The indices of
inventories and abundances across trophic levels (nutrients, phytoplankton and zooplankton)
generally exhibit weak associations (i.e., correlations) between adjacent trophic levels. There
was no single physical environmental variable that demonstrated a widely consistent pattern of
correlation with either nutrient inventories, phytoplankton abundance or with the wide diversity of
zooplankton taxa. This may be the result that over the last decade the physical environment of
the Newfoundland Shelf showed the lowest overall variability relative to previous decades going
back to 1950.




RESUME

La présente étude passe en revue les données sur les variations saisonniéres et interannuelles
des teneurs en chlorophylle a et en éléments nutritifs importants, ainsi que sur I'abondance des
principales espéces du zooplancton et du phytoplancton, récoltées a la station 27 et le long de
sections normalisés du Programme de monitorage de la zone atlantique (PMZA) dans la région
de Terre-Neuve en 2009 et 2010. Dans toute la région, les inventaires de nitrate, ont diminués
depuis 2008 et le déclin semble continuer en 2010. L'abondance du phytoplancton en 2009 a
atteint la plus haute concentration observée depuis le début du PZMA mais était semblable a la
moyenne en 2010. En 2009 et 2010, les indices d’abondance des principaux zooplanctons
étaient généralement plus hauts que la moyenne, avec des densités atteignant les niveaux les
plus élevés dans une grande partie de la région. Les indices d’inventaire et d’abondance parmi
les divers niveaux trophiques (éléments nutritifs, phytoplancton, zooplancton) démontraient
généralement de faibles associations (c.a.d. corrélations) entre niveaux adjacents. Aucun
indice de l'environnement physique n’a démontrer un patron de corrélation uniforme ou
conforme soit avec les inventaires d’éléments nutritifs, d’'abondance de phytoplancton ou avec
une grande diversité d’espéces de zooplancton. Ces patrons sont possiblement le résultat de
la faible variabilité des conditions physique de I'environnement du plateau continental de Terre-
Neuve et du Labrador au cours de la derniére décennie relativement aux périodes antérieurs
allant jusqu'a 1950.




INTRODUCTION

The Atlantic Zone Monitoring Program (AZMP) was implemented in 1999 with the aim of
increasing DFQO’s capacity to understand, describe, and forecast the state of the marine
ecosystem and to quantify the changes in the ocean physical, chemical and biological
properties. A critical element of the AZMP involves an observation program aimed at assessing
the variability in nutrients, phytoplankton and zooplankton.

The AZMP derives its information on the state of the marine ecosystem from data collected at a
network of sampling locations (fixed point stations, cross-shelf sections, and groundfish
surveys) in each region (Quebec, Gulf, Maritimes, Newfoundland) sampled at a frequency of bi-
weekly to once annually.

A description of the seasonal patterns in the distribution of phytoplankton (microscopic plants)
and zooplankton (microscopic animals) provides important information about organisms that
form the base of the marine foodweb. An understanding of the production cycles of plankton,
and their interannual variability, is an essential part of an ecosystem approach to fisheries
management.

METHODS

To the extent possible, sample collection and processing conforms to established standard
protocols (Mitchell 2002). Non-standard measurements or derived variables are described.

SAMPLE COLLECTION

Three seasonal oceanographic surveys were conducted in the Newfoundland and
Labrador Region during the 2010 calendar year, in addition to repeat day-trips to the fixed
coastal station (S27). A total of 384 stations were sampled across the fixed station and all
oceanographic sections in 2010 (Fig. 1; Table 1). No occupations of S27 were achieved during
January-February 2010 owing to the availability of resources (platforms) and, to some extent,
difficulties with weather and equipment failure.

Increased atmospheric levels of carbon dioxide are hypothesized to be responsible for recent
trends in acidification detected in the world oceans (Caldeira and Wickett 2003). Increasing
acidity in the ocean will decrease the degree of saturation of carbonates (calcite and aragonite)
thereby altering basic ocean chemistry and potentially influencing the marine organisms which
utilize this mineral in their chemical structures. Some examples of marine organisms include
crustaceans, gastropoda, and bivalvia which are important to higher trophic levels in the marine
food chain (Fabry et al. 2008, Reis et al. 2009). High resolution profile measurements have
begun in the Newfoundland and Labrador Region to monitor trends in ocean pH during
seasonal oceanographic surveys. We monitored pH using an in-situ sensor (Seabird SBE-18)
interfaced with our SBE 911 CTD during summer and autumn 2010 missions along all
oceanographic sections to a maximum depth of 1200 m (Table 1).




ANALYSIS

Two simple indices of the physical structure (vertical) of the water-column were computed for
comparison with optical properties; mixed-layer and stratification. The mixed layer depth was
determined from observations of the maximum density gradient (gradient, (sigma-t)). The
stratification index (Sl) was calculated as:

SI = (sig-t 50 - Sig-t zmin)/(50 - Zmin)

where sig-t 50 and sig-t ,min are interpolated values of sigma-t for the depths of 50 m and z,, (the
minimum depth of reliable CTD data ); typically z is around 5 m and always less then 9 m.

The availability of light for photosynthesis in an aquatic ecosystem is determined by the
penetration of light (Kirk 1994), expressed as the vertical attenuation coefficient (Ky), which is
determined by dissolved and coloured substances and particulate matter in seawater. The
vertical attenuation coefficient (Ky) was derived from in-water light extinction measurements
using a CTD-rosette mounted PAR (photosynthetic active radiation) meter. The downward
vertical attenuation coefficient of PAR (Kypar) Was estimated from the linear regression of
In(E4(z)) versus depth z (where Eq4(z) is the value of downward PAR irradiance at z m) in the
depth interval from near surface to 50 m. When in-water PAR data were not available, the
vertical attenuation coefficient was calculated by:

Kq_chla (m™)=0.027m™ + 0.015m™ + B(z) * 0.04 m™ (Platt et al. 1988)

where B(z) is the concentration of chlorophyll a in mg m™ (we substitute calibrated chlorophyll a
from in-situ chlorophyll a fluorescence when discrete concentrations were not available) at
depth z meters. The additional coefficients in this equation are related to the components of
pure seawater and dissolved substances. The average value of Ky was calculated for the upper
water column using the chlorophyll a profile in the upper 50 m.

Annual estimates of water column inventories of nutrients, chlorophyll, the mean abundance of
key zooplankton species and some physical variables at both the fixed site and as an overall
average along each of the four standard transects were based on general linear models (GLMs)
of the form

Ln(Density) = o + figar + Sonris + €

for the fixed station, where Density is in units of m?, a is the intercept, 8 and & are categorical
effects for year and month effects, and ¢ is the error, and

Ln(Density) = a + Bear + Ostation + €

for each of the transects and seasons, where 0 takes into account the effect of station location.
Density, either in terms of inventories, numbers or biomass, was log-transformed to deal with
the skewed distribution of the observations. In the case of zooplankton, one was added to the
Density term to include observations where no animals of a given taxa were counted in the
sample. Physical variables, inventories of nutrients and chlorophyll were not transformed. To
derive an estimate of the interannual variations based on all occupations of the transects, a full
model which includes seasonal effect is applied




Ln(Density) = a + Biear + Ostarion + Vseason T €

An estimate of the least-squares means based on type Ill sums of squares is used as the
measure of the overall year effect.

SATELLITE REMOTE-SENSING OF OCEAN COLOUR

Phytoplankton biomass was also estimated from ocean colour data collected by the Moderate
Resolution Imaging Spectroradiometer (MODIS) “Aqua” sensor (http://modis.gsfc.nasa.gov/).
The MODIS data stream began in July, 2002. The composites and statistics from MODIS used
in this report are only provisional because they have not yet been fully inter-calibrated with the
SeaWiFS imagery. Satellite data do not provide information on the vertical structure of
phytoplankton in the water column but do provide highly resolved (~1.5 km) data on their
geographical distribution in surface waters at the large scale. Bi-weekly composite images of
surface chlorophyll for the entire NW Atlantic (39-62.5°N Latitude 42-71°W Longitude) are
routinely produced from SeaWiFS/MODIS data'. Basic statistics (mean, range, standard
deviation, etc.) are extracted from the composites for selected sub-regions. We report on the
available time-series of mean surface chlorophyll a levels at selected sub-regions on the
Newfoundland and Labrador Shelf (Fig. 2).

OBSERVATIONS

MIXED-LAYER AND STRATIFICATION INDEX

We were unable to track the early seasonal development of the mixed-layer and upper water-
column stratification at S27 in 2010 given the lack of observations during winter. Relatively large
variability in the mixed-layer depths occurred during spring and early summer compared to
average conditions in previous years (1999-2009) (Fig. 3). The onset of deepening of the mixed-
layer that normally begins in the early autumn was delayed considerably by ca. 1 month, in
contrast to average conditions. The seasonal development of stratification at S27 was also
delayed compared to earlier years. In 2010, maximum stratification was observed in September
compared to August for the 1999-2010 average.

OPTICAL PROPERTIES

The seasonal development of optical properties at S27 was consistent with
observations in previous years with the exception of the spring bloom period in April (Fig. 4).
Overall, euphotic depths during spring 2010 reached ~10 m compared to the normal range of
30 m, and correspondingly the maximum vertical light attenuation was about two-fold greater.
As a result of higher light attenuation levels observed in spring, euphotic depths were generally
shallow indicating a more intense phytoplankton bloom but quickly deepened following the
spring bloom and approached depths in excess of 100 m by early May. We suggest some
caution in the overall interpretation of any given time-series because sampling may not capture

! (http://mww2.mar.dfo-mpo.gc.ca/science/ocean/ias/seawifs/seawifs 1.html)




the full dynamic range of the variables because the occupations of S27 can vary from year to
year, particularly during winter and spring.

NUTRIENTS

The vertical distributions of the inorganic nutrients (nitrate, silicate, and phosphate) included in
the observational program of the AZMP show strong seasonal co-variation (Petrie et al. 1999).
For this reason, and because the availability of nitrogen is most often associated with limiting
the growth of phytoplankton and supported by our in-situ observations, more emphasis in this
report will be placed on variability in nitrate concentrations. The time-series of the vertical
structure of nitrate (combined nitrate and nitrite, hereafter referred to as nitrate) shows dynamic
seasonal changes in the water column at S27 (Fig. 5). Concentrations of nitrate were typically
>3 mmol m™ throughout the water column and approached maxima of 10 mmol m™ near the
bottom prior to the spring bloom (Fig. 5). Subsequently, concentrations of nitrate were depleted
rapidly in the upper 50 m to <1.0 mmol m™ by early April and remained relatively low throughout
the summer. Periodic intrusions of nitrate from depth that have been observed during earlier
years were limited in near-surface waters in 2010. The seasonal evolution of vertical nitrate
structure at S27 was different compared to previous years with the largest observed reduction in
the time-series along with greatly reduced nutrient replenishment during the late autumn. Deep
water concentrations of nitrate shoaled only briefly during early autumn, coincident with the
annual minima in water column salinity from ice-melt further north. Sources of these periodic
nutrient intrusions may be related to shoaling of deep pools below the mixed layer, wind-
induced mixing from passage of storms, and advective transport from the inshore branch of the
Labrador Current.

The inventories of nutrients are strongly influenced by seasonal biological processes operating
throughout the upper water-column. The inventory of nitrate at S27 within the upper 50 m was
the lowest observed since the start of the time-series (Fig. 6). The annual mean inventories
have decreased by 50 %, from ~100 mmol m? in 2000 to 50 mmol m? in 2010. The annual
mean inventory in 2010 fell below the overall long-term average (66 mmol m™) for the first time
in contrast to previous years which remained at or above this level (Fig. 6). The absolute
monthly inventory anomalies were consistently negative for almost all sampling months in 2010
(Fig. 6). This pattern was different in earlier years, with both short-term positive and negative
monthly anomalies which may be indicative of a relatively stable pattern in nutrient recycling at
S27 (Fig. 6). Most of the nitrate in the upper water column in 2010 was consumed during the
spring bloom suggestive of an intense production cycle compared to previous years, although
the overall amount available at the start of the year was less than in previous years. The deep
(50-150 m) inventories of nitrate at S27 showed a downward trend in 2010, similar to that
observed in surface waters, relative to earlier years. The deep inventory in 2010 was at the
lowest level observed since the start of the program (Fig. 7). The monthly anomalies of deep
water nitrate have shown relatively high interannual variation throughout the time-series, with
strong negative values observed in 2010. This decline in deep water inventories may have an
impact on overall phytoplankton production in the next production cycle, which may constrain
growth of phytoplankton and the duration of blooms.

PHYTOPLANKTON BIOMASS

Vertical profiles of chlorophyll a at S27 continue to vary in terms of the magnitude and duration
of the spring bloom (Fig. 8). The time-series of vertical chlorophyll a concentrations indicate
relatively weak spring and autumn blooms in 2010 compared to average conditions. The record
high levels of phytoplankton biomass associated with spring blooms during the early time-series




were not apparent in 2010 despite the highly depleted levels of nitrate we noted at S27 (Fig. 6).
This suggests that we may have missed the early part of the production cycle based on limited
sampling in the early spring. Integrated chlorophyll a levels were below normal conditions but
were only the 5™ lowest in the time-series (Fig. 9). We use the criteria of integrated chlorophyll a
levels >80 mg m? in upper 100 m to define start and end times of the spring phytoplankton
bloom. The duration of the bloom in 2010 based on sampling observations was only 14 days,
the 2™ lowest observed in the time-series compared to normal conditions of about 4 weeks
(Fig. 10). The initiation of the bloom in 2010 was detected in-situ by early April with integrated
concentrations in excess of 300 mgm? and was confirmed with MODIS Satellite Colour
Imagery (Fig. 11). Peak concentrations of ~600 mg m? were detected in mid-April, after which
levels declined rapidly below the threshold value consistent with satellite imagery. MODIS
satellite imagery indicated that the spring bloom was initiated substantially earlier than normal in
early March on the southern Grand Banks and reached peak levels by early April. Limited
surface blooms were detected over the Grand Banks and northeast Newfoundland Shelf by late
April with the exception of the Flemish Cap area. The inventories of chlorophyll a outside of the
main spring bloom period have varied from ca. 30 to 60 mg m? over the past ten years with no
apparent trend since the start of the sampling program (Fig. 10).

REMOTE SENSING OF OCEAN COLOUR

Satellite ocean colour (SeaWiFS and MODIS) data can provide large-scale images of surface
phytoplankton biomass (chlorophyll a) over the whole of the NW Atlantic and in specific sub-
regions of interest to enhance temporal and spatial coverage not possible based upon
conventional sampling with vessels. Using a two-week MODIS composite image of the
Newfoundland and Labrador regions supplements our ship-based observations and provides
seasonal coverage and a large-scale context with which to interpret our limited survey data
(Fig. 11). The MODIS ocean colour imagery provides information about the timing and spatial
extent of the spring and autumn blooms which can vary from year to year across the Grand
Banks and northeast Newfoundland Shelf.

The early development of patchy surface blooms was observed on the south-eastern areas of
the Grand Banks by early March 2010 (Fig. 11). The spring bloom intensified rapidly to cover
the whole of the Grand Banks in late March with concentrations of chlorophyll a >10 mg m™.
The spring bloom progressed northward in early April to cover much of the northeast
Newfoundland Shelf while surface concentrations were greatly reduced on the Grand Banks
(Fig. 11). By the time of our spring oceanographic survey, in mid-April 2010, chlorophyll a
concentrations were reduced to near-background levels over much of the northwest Atlantic
with the exception of the Gulf of St. Lawrence and Gulf of Maine. Similarly, the patchy
distribution of near-surface chlorophyll a concentrations across the sections and higher surface
concentrations restricted to the northern sections (Bonavista, White Bay and Seal Island) during
the summer 2010 survey was also supported by MODIS composite imagery. The summer 2010
colour imagery also indicated extensive surface phytoplankton blooms across the central
Labrador Sea and Hudson Strait, consistent with observations in previous years. Extensive
cloud cover during the autumn survey limited our capacity to detect the areal extent of surface
blooms (particularly above the northeast Newfoundland Shelf), which appear to be at
background levels near 1 mg m™ over much of the Grand Banks with slightly elevated levels
observed on the southeast shoal and Slope waters (Fig. 11).

At larger scales, the statistical sub-regions off Newfoundland and Labrador indicate that the
magnitude of surface phytoplankton blooms detected by MODIS was generally higher in 2010
compared to previous years, particularly in the southern and central sub-regions (Fig. 12). In




general, the surface blooms occurred earlier, were more intense and in some cases longer in
duration compared to previous years. Limited blooms were detected on the northern Labrador
Shelf in 2010 and were weaker compared to normal conditions. The timing and magnitude of
the spring bloom on the southern Labrador Shelf was earlier and followed the pattern on the
northeast Shelf and northern Grand Banks. The occurrence of autumn blooms, which is
sometimes not captured well by conventional sampling, is supported by the high-resolution
MODIS imagery across all statistical sub-regions. The satellite data indicate slightly higher
surface chlorophyll a concentrations across all sub-regions in autumn 2010 compared to
average conditions.

OCEAN ACIDIFICATION

Mean pH varied from 8.1 to 8.3 throughout the upper 200 m across the summer 2010 sections
(Fig. 13). In general, pH levels were higher near surface and tended to decrease with depth and
changes coincided with differences in temperature and presumably water mass structure across
the Newfoundland and Labrador Shelves. The highest pH measurements were observed along
the northern Labrador Section (Beachy Island) and the northeast Newfoundland Shelf (White
Bay and Bonavista) while the lowest values were observed at depths in excess of 100 m along
the outer Shelf across the Flemish Cap section (Fig. 13). Ocean pH measurements during the
autumn survey were nearly identical to summer values but over a narrower range (Fig. 14). We
detected pH minima again at depths in excess of 100 m along the outer Shelf of the Flemish
Cap and southeast Grand Bank sections.

FIXED STATION — ZOOPLANKTON

There was strong seasonality in the abundance of many zooplankton species included in the
analysis of Station 27. Most species show a single peak in abundance during late spring or
early summer (e.g., Calanus glacialis, Calanus hyperboreus), although in some instances the
peak is relatively protracted in duration (e.g., Calanus finmarchicus and Pseudocalanus spp.).
Larvaceans appear to show two small peaks in abundance, one following the spring
phytoplankton bloom, and another in the fall. Still others peak in late fall and early winter
(e.g., Oithona spp., Metridia spp.). The pattern of seasonality for pelagic gastropods and
euphausids generally shows a gradual increase, often peaking in mid to late summer. Note that
although some species occur regularly at Station 27, their abundance or frequency of
occurrence is too low to obtain accurate estimates of seasonal variability.

A generalized linear model which included the effects of year and month as categorical
variables was used to estimate interannual variations in the overall abundance of the 16
dominant zooplankton taxa present at Station 27. After careful study, the analytical procedure
applied in 2008 and onward was different from that used in previous years by using individual
abundance estimates as independent observations instead of monthly averages. The result is
that the overall estimated mean is lower than during the period prior to 2008, as a result of
estimating the average from data that follow a skewed distribution, but interannual patterns of
variations are highly correlated with prior estimates.

Data for 2010 were incomplete at the time of this report. This may have resulted in some bias in
the estimates of abundance for 2010 but the analytical model applied to the data should have
compensated to some degree for the missing information. Analytical results indicated that all
species demonstrate a statistically significant seasonal cycle in abundance based on type llI
sums of squares (i.e., the sums of squares obtained by fitting each effect after all the other
terms in the model). In addition, all sixteen species showed significant interannual variations in




overall abundance (Fig. 15). In 2008, the abundance of all three species of Calanus spp. was
very low, as was the abundance of many other taxa. Since then, the abundance of most large
copepods has increased to above average levels, with only Calanus glacialis and large copepod
nauplii being at roughly average levels. The abundance of the small copepods Microcalanus
sp., Oithona sp., Pseudocalanus sp. and Oncaea sp. reached peak or near-peak levels while
that of the warm water species Acartia sp., Centropages sp., and Temora longicornis were at
low levels of abundance. The abundance of euphausids decreased in abundance since 2008
while Sagitta sp. increased. Pelagic gastropods were at their highest level since the start of the
programme while larvaceans have shown little change over most of the time-series, with the
exception of very low levels of abundance in 1999 and 2006 that were ~10-fold lower than the
norm.

In 2008, the biomass of copepods at S27 reached its lowest level since the inception of our
monitoring activities but levels rebounded significantly in 2009 and 2010 when biomass reached
a level comparable to the highest value on record in 2002 (Fig. 16). The increase was largely
the result of significant increases in the abundance of Calanus finmarchicus and Calanus
hyperboreus, as well as the continued increasing trend in the abundance of Metridia sp., as well
as the high abundance of small copepods (Fig. 17). Biomass peaked in late autumn, which is
consistent with the most frequently observed seasonal pattern, but biomass in late 2009
reached the highest levels observed since the onset of collections at S27.

The seasonal succession of copepodites stages of Calanus finmarchicus and Pseudocalanus
sp. has followed a similar pattern each year throughout the time-series of observations at S27
(Fig. 18). The peak in relative abundance of young CI-ClII copepodites of Calanus finmarchicus
occurs around June/July, with a secondary peak sometime in late autumn in some years. Pre-
adult CV and adult CVI stages dominate throughout most of the year, but in 2009, a greater
abundance of CIV copepodites late in the year and into the early part of 2010 may indicate that
the second cohort may have been of greater importance than in most previous years. Similar
circumstances occurred in the case of Pseudocalanus sp. but with a prolonged presence of CllI
and CIV stages relative to previous years. For both species, the greater abundance of
intermediate copepodite stages resulted in a heightened abundance of these two species during
late summer and autumn. The persistence of increased densities of Calanus finmarchicus and
Pseudocalanus sp. is not entirely unusual but the greater than normal abundance may be
indicative of enhanced productivity.

OCEANOGRAPHIC SECTIONS — ZOOPLANKTON

As in previous years, we estimated the abundance of 27 taxa of zooplankton collected on the
southeast Grand Banks, Flemish Cap, Bonavista Bay and Seal Island oceanographic sections
(Figs. 19-22). Because of the broad diversity of taxa, the number of sections and the increasing
length of the time-series of observations, we will not discuss the recent patterns of variations of
individual species but instead focus on the overall patterns of variation of functional groups
(small copepods, meroplankton, large copepods and carnivorous zooplankton) (Figs. 23-24).
The information was combined to reflect the definition of ecoregions of Pepin et al. (2010) on
the Newfoundland Shelf: data from the Bonavista Bay and Seal Island section are combined for
the northern ecoregion (Newfoundland Shelf) and data from the southeast Grand Banks and
Flemish Cap sections are combined to represent the southern ecoregion (Grand Banks). To
combine the information among years and section, each time-series (species and section) was
standardized to a mean of 0 for the period of 1999-2010, and a standard deviation of 1 to yield
yearly anomalies. The time-series for each functional group and sections within each ecoregion




were then combined to produce box whisker plots showing the 5", 25" 50" 75" and 95"
percentiles of the information, along with outliers.

In the northern ecoregion, all four functional groups demonstrated similar long term patterns of
variation, with the lowest abundances being recorded at the start of the time-series (1999), with
a gradual increase to a peak or plateau between 2004 and 2006 (Fig. 23). Since then, the
abundance of small and large copepods has hovered close to the long term mean, with greater
variability among taxa being observed in small copepods relative to larger species.
Meroplanktonic taxa, after increasing from 1999 to 2000, have shown no significant trend over
time, with interannual variations in median abundance generally less than 1 standard deviation
from the mean. The abundance of carnivorous zooplankton reached their highest levels in 2004
after which the median abundance among taxa has been slightly below the long term mean,
except in 2006 when it was slightly above.

The abundance of zooplankton in the southern ecoregion is somewhat distinct from that on the
northern portion of the region. Abundance was lowest in 1999 but the increase that followed
reach a peak or plateau in 2001 or 2002, earlier than in the north (Fig. 24). Since then, there
has been no clear trend in any of the functional groups. There are indications that 2009 and
2010 are characterized by generally higher levels of abundance than in previous years, with
more than 60 % of taxa from each functional group having abundance levels above their long
term mean, with meroplankton and large copepods exhibiting the greatest overall increase.

The patterns of variation in the composite information presented in Figs. 23 and 24 are not
generally the result of random patterns of variation in individual taxa from year-to-year but
instead reflect the overall long term patterns of variation exhibited by most taxa in each of the
ecoregions (Figs. 19-22). The patterns of variation of individual taxa often exhibit considerable
serial correlation in the abundance of animals over the period of 4+ years. These variations in
abundance are only weakly associated with the fluctuations in the composite physical index for
the entire Newfoundland Shelf and Grand Banks.

REGIONAL SUMMARY OF THE STATE OF THE OCEAN

Scorecard indices were developed as a method of summarizing the many variables used to
represent the state of lower trophic levels. To simplify the information, the time-series of the
annual estimate of inventory or abundance for each summary variable was standardized to a
mean of zero (for the period 1999-2010) and unit standard deviation ([observation—-mean]/SD).
The standard deviation provides a measure of the variability of an index. The result of this
standardization yields a series of anomalies. The scorecard serves to illustrate departures from
the long term mean across the range of variables by colour coding anomalies as either being
above (red) or below (blue) the long term average, with darkening shades serving to represent
the increasing magnitude of that departure. This is similar to the approach adopted for
summarizing AZMP’s physical variables (AZMP Bulletin, 2008). For the chemical-biological
observations, the key variables selected were: (1) near surface (0-50 m) and deep (50-150 m)
nitrate inventories, and (2) chlorophyll inventories (0-100 m), the magnitude, timing, and
duration of the spring bloom, and zooplankton abundances (C. finmarchicus, Pseudocalanus
spp., total copepods, and total non-copepods) for the fixed station and seasonal section
surveys.

The scorecard for the NL region could not be completed in its entirety because of delays in
processing nutrient samples collected in 2010. Nevertheless, annual nitrate inventories (shallow
and deep) have been at low levels since 2008 and appear be continuing to decrease in 2010




based on the observations at S27 and the Seal Island section (Fig. 25). Deep inventories of
nitrate in November-December, a precursor index of the potential for production in the coming
year, reached the lowest levels on record in 2009, and conditions at S27 appear to have
remained low by the end of 2010.

Chlorophyll concentrations in 2009 were at their highest levels since the start of AZMP activities
in the region but returned to near normal values in 2010 (Fig. 25). The lowest levels were
recorded in 2003. The spring phytoplankton bloom at S27 has been later than normal since
2008 but the timing of that event in 2010 was close to normal, albeit a little late. The magnitude
of the bloom has been lower than normal since 2008 but as with the timing the trend going into
2009-10 has been toward a return to average conditions. Delayed onset of the bloom at S27 is
also associated with a decrease in the duration of peak phytoplankton biomass near the coast.
In fact, there is a very strong (r =-0.92, P < 0.01) negative relationship between the timing of the
spring phytoplankton bloom and its duration. The magnitude of the bloom is also weakly
positively correlated with its duration (r=0.43, P> 0.05), although that association is not
statistically significant.

In 2009 and 2010, the principal zooplankton indices indicated that abundance was generally
higher than average, with densities reaching their highest levels in 2010 along many of the
oceanographic sections (Fig. 25). There was evidence of a north-to-south gradient in the
anomalies in zooplankton abundance in 2009 and 2010, with conditions nearer to the long term
average in the north and higher than average in the region of the Grand Banks (S27, Flemish
and southeast GB sections) but this trend was not consistent for all zooplankton indices in all
years. The abundance anomaly of Pseudocalanus sp. was high in both ecoregions in 2010 but
the greatest increased occurred in the north relative to other parts of the region.

The indices of inventories and abundances across trophic levels (nutrients, phytoplankton and
zooplankton) generally exhibit weak associations (i.e., correlations) between adjacent trophic
levels. Average annual chlorophyll abundance anomalies, an index of phytoplankton biomass,
are weakly correlated with the anomalies in surface nitrate inventories (r=-0.28, P> 0.05)
(Fig. 25) suggesting that conditions that allow phytoplankton to grow in abundance result in
greater depletion of surface nutrients. There is also a weak positive association between the
anomalies in phytoplankton abundance and those of Calanus finmarchicus, copepods and non-
copepod zooplankton across the region (r=0.25, 0.27 and 0.20, respectively. All values
P > 0.05) but again the association is very weak, suggesting the concept of trophic cascades
may be difficult to apply based on annual indices of abundance. There are stronger correlations
among the zooplankton indices, with anomalies in the abundance of Calanus finmarchicus
showing strong correlations with those of total copepod abundance (r=0.70, P> 0.05) as well
as those of non-copepod zooplankton (r=0.67, P> 0.05), but a weaker correlations with the
patterns of abundance of Pseudocalanus sp. (r=0.29, P> 0.05). Although the latter is also
positively correlated with the variations in the abundance of total copepods (r =0.40, P> 0.05)
and non-copepods (r=0.26, P> 0.05), the relationships are weaker than that of the index of
large copepod abundance.




ENVIRONMENTAL FORCING AND BIOGEOCHEMICAL STATE

Throughout much of the 12 years covered by AZMP activities, the physical environment of the
NL region has been in a period characterized by warm saline water relative to the long term
(1981-2010) average (Fig. 25), although salinities have been variable and closer to the long
term mean, as has the North Atlantic Oscillation index (winter atmospheric pressure difference
between Greenland and the Azores). The standardized anomalies of the physical descriptors of
the environment from 1999 to 2010 had ranges of 1.5 to 4.1, with an average range of 2.4 and a
standard deviation of 0.74. These statistics imply that variability in the physical environment
was generally less than has been observed over the last 30 years, and that very high values
were achieved in recent times, mostly in terms of high temperatures and low indices of ice
extent and duration or in the amount of cold intermediate water in the region. Therefore, the
range of conditions observed in the last 12 years did not reflect the cold and fresh extremes
observed in the mid-80’s and early-90’s. When contrasted with decades going back to 1950,
the decade of AZMP observations has demonstrated the lowest intra-decadal variability,
reflecting the warming trend throughout much of the region.

During the period 1999-2010, the indices of zooplankton abundance had an average variability
of ~0.8 (min=0.1; max=2.1), meaning that on average the abundance of zooplankton taxa along
oceanographic section varied by a factor of ~20-30 over the twelve years of observations, with
roughly 13 % of estimates showing variations of two orders of magnitude or more
(i.e., 100-fold +). Variations in nutrient levels were not as extreme but they have demonstrated
significant interannual changes in abundance, as have indices of phytoplankton abundance
across the region.

In an attempt to conduct an exploratory analysis aimed at investigating whether there are
indications that changes in the physical environment have resulted in changes in the inventories
of nutrients or in the abundance of phytoplankton or zooplankton, we evaluated the correlation
between all environmental variables and all estimates of nutrient, phytoplankton and
zooplankton taxa from all sections and S27. Based on a 12 year time-series, significant
correlations would occur at -0.576 < r= 0.576.

There was no single environmental variable that demonstrated a widely consistent pattern of
correlations with either nutrient inventories, phytoplankton abundance or with the wide diversity
of zooplankton taxa (Figs. 27—29). There was some indication that phytoplankton abundance at
S27 demonstrated consistent significant negative correlations with indices of atmospheric
conditions from Cartwright to Nuuk and the NAO (Fig. 27). Surface nutrients were negatively
correlated with environmental indices in 85 of 130 cases, deep nutrient inventories were
negatively correlated with 51 of 130 cases, and phytoplankton abundance was negatively
correlated in 85 of 130 cases. Also, 59 % of the 3080 correlations of environmental variables
with indices of zooplankton abundance from the oceanographic sections were positive and
4.6 % of the correlations were significantly positive while only 1.4 % were significantly negative
(Fig. 28). All these departures are highly significantly different than would be expected by
chance. The abundance indices of dominant species Oithona similis and Calanus finmarchicus,
as well as a few other species, did appear to have a greater proportion of positive correlations
with environmental variables than the data of all taxa combined (Fig. 29), but the environmental
variables that were significantly correlated at P > 0.05 differed for the indices of abundance from
different oceanographic sections. This might suggest that different processes are affecting the
patterns of abundance across different portions of the region. For example, the abundance
indices of these two species from the Flemish Cap and southeast Grand Banks sections tend to
be significantly positively correlated with atmospheric variables whereas on the Seal Island
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section strong positive correlations tend to be associated with indices of water column
temperature.

The results of such a generalized exploratory analysis suggest that no single environmental
index provides strong predictive capacity in the patterns of variation in chemical and biological
state of the environment on the Newfoundland Shelf and Grand Banks. A more comprehensive
and hypothesis driven analysis will be required to evaluate the bottom-up mechanisms that
influence production of lower trophic levels in the region. It is also possible that the
environmental conditions in the region have not varied sufficiently during the 12 years of AZMP
activities to allow an accurate assessment of the response of ecosystem productivity to changes
in physical drivers of the system.

DISCUSSION

The overall pattern of variation among the three trophic levels surveyed in this report
(nutrients, phytoplankton biomass, and zooplankton abundance) does not reveal any clear
association among trophic levels. Although nutrient inventories across the region are generally
at record low levels, the abundance of phytoplankton fluctuates substantially from year-to-year
and the general trends in zooplankton abundance indicate that most taxa are above their long
term (1999-2010) average. However, the pattern of variation of each trophic level
demonstrates a high degree of regional coherence, with northern and southern portions of the
Newfoundland and Labrador Shelf generally showing similar changes from year-to-year or over
longer time scales. This suggests that coherent large-scale processes may be influencing the
dynamics of lower trophic levels at the regional level but that identifying the functional
relationships with these processes is likely to require careful consideration of the broad variety
of influential factors and of the possible complexity of interactions. The high degree of spatial
stability in the structure of the NL shelf ecosystem (Pepin et al. 2010) and zooplankton
community (Pepin et al. 2011), may serve to explain the strong regional coherence in the
pattern of variation of each lower trophic level. However, the lack of coherence among trophic
levels and environmental indices over the short period of observations from our monitoring
activities in the region suggests that concepts such as the trophic cascade may not be
applicable given the information currently available.

Variations in the indices of nutrients, phytoplankton and zooplankton levels appear to show
greater variability than the general indices used to describe the state of physical atmospheric
and oceanographic conditions in the region. No single environmental variable demonstrated a
widely consistent pattern of correlation with either nutrient inventories, phytoplankton
abundance or with the wide diversity of zooplankton taxa. This should not be entirely
unexpected. Over the last decade the physical environment of the Newfoundland Shelf showed
the lowest overall variability relative to previous decades going back to 1950. Therefore the
range of environmental conditions encountered in the lower trophic levels may be considerably
less than what they are normally subjected to. There are indications from the high relative
frequency of positive correlations between environmental and biogeochemical variables,
particularly zooplankton, that there is some underlying driving relationship at play. However, to
assume that simple functional relationships drive the patterns of variation in lower trophic levels
presumes a level of isolation of the Newfoundland and Labrador Shelf that may be somewhat
naive. Connectivity of zooplankton populations across the northwest Atlantic (i.e., zonal or
greater) likely plays a significant role in determining patterns of variations at the regional level.
Including a consideration of the role of transport in understanding variations in the productivity
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of lower trophic levels in the region would, however, require some knowledge of upstream
conditions, such as those in the northern and eastern Labrador Sea. This may also require that
analyses stratify information among water masses rather than the section-by-section approach
currently being applied.

Comprehension of the mechanisms at play in the region will likely require insight that can only
be gained from spatially-explicit models of key drivers and interactions. Only with continued and
possibly expanded monitoring activities coupled with focussed modelling programs which can
be challenged with our observation base will such an objective be achieved.

SUMMARY

The onset of deepening of the mixed-layer that normally begins in the early autumn was
delayed considerably by ca. 1 month at S27, in contrast to average conditions.

The seasonal development of stratification at the fixed station was also delayed
compared to earlier years.

The inventory of nitrate within the upper 50 m and deep layers at S27 was the lowest
observed since the start of the time-series in 1999.

MODIS satellite imagery indicated that the surface blooms occurred earlier, were more
intense and in some cases longer in duration in 2010 in contrast to previous years.

The abundance of most large copepods at S27 in 2009 and 2010 has increased
significantly since the low levels observed in 2008. Only Calanus glacialis and large
copepod nauplii remain at near average levels.

The abundance of the small copepods Microcalanus sp., Oithona sp., Pseudocalanus
sp. and Oncaea sp. reached peak or near-peak levels while that of the warm water
species Acartia sp., Centropages sp., and Temora longicornis were at low levels of
abundance.

On the Bonavista and Seal Island sections, all four functional groups of zooplankton
(small and large copepods, meroplankton and carnivores) demonstrated similar long
term patterns of variation, with the lowest abundances being recorded at the start of the
time-series (1999), with a gradual increase to a peak or plateau between 2004 and
2006, after which small and large copepods as well as carnivores have returned to
values that are near the long term average.

The abundance of zooplankton on the Flemish Cap and southeast Grand Banks
sections in 2009 and 2010 are characterized by generally higher levels of abundance
than in previous years, with more than 60 % of taxa from each functional group having
abundance levels above their long term mean.

Across the region, annual nitrate inventories (shallow and deep) have declined since
2008 and appear be continuing to decrease in 2010.

Average pH in surface (<50 m) and deeper (>50 m) waters were approximately 8.23 and
8.15 during the summer and autumn surveys. In general, ocean pH levels on the
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Newfoundland and Labrador Shelves were slightly elevated when compared to average
levels noted in the Arctic and in the Labrador Sea.

Chlorophyll concentrations in 2009 were at their highest levels since the start of AZMP
activities in the region but returned to near normal values in 2010.

In 2009 and 2010, the principal zooplankton indices indicated that abundance was
generally higher than average, with densities reaching their highest levels in 2010 along
many of the oceanographic sections.

The indices of inventories and abundances across trophic levels (nutrients,
phytoplankton and zooplankton) generally exhibit weak associations (i.e., correlations)
between adjacent trophic levels

There was no single environmental variable that demonstrated a widely consistent
pattern of correlation with either nutrient inventories, phytoplankton abundance or with
the wide diversity of zooplankton taxa. This may be the result that over the last decade
the physical environment of the Newfoundland shelf showed the lowest overall variability
relative to previous decades going back to 1950.
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Table 1. Listing of AZMP Sampling Missions in the Newfoundland and Labrador Region in 2010. The
transects are Southeast and Southwest St. Pierre Bank (SESPB/SWSPB); Southeast Grand Banks
(SEGB); Flemish Cap (FC); Bonavista Bay (BB); Funk Island (Fl); Smith Sound (SS); White Bay (WB);
Seal Island (Sl); Avalon Channel (S27); Makkovik Bank (MB); Beachy Island (Bl), and the fixed station
(S27). See Figure 1 for station locations for biological-chemical sampling along sections and fixed coastal
station. Total numbers of hydrographic (CTD) and biological (nutrients, plant pigments, phytoplankton,
zooplankton, and including partial occupations) profiles provided for each seasonal section and fixed
station occupations.

Mission # Hydro | #Bio
ID Dates Sections/Fixed Stns Stns
TEL971 | Apr 15-May 4, 2010 SESPB/SWSPB, SEGB, FC, 129 81
BB, Fl, SS, S27
TEL973 July 8-24, 2010 FC, BB, WB, SI, MB, BI 106 62
Hud983 | Nov 23-Dec 11, 2010 SEGB, FC, BB, TB 108 48
Fixed Jan-Dec 2010 S27 41 19
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LATITUDE

56 52
LONGITUDE

Figure 1. Primary sections and biological stations occupied in the Newfoundland and Labrador region
during 2010. The AZMP primary sections include Seal Island (Sl), Bonavista Bay (BB), Flemish Cap (FC),
and Southeast Grand Banks (SEGB). The sections sampled north of Sl are only sampled during summer
(MB=Makkovik Bank; Bl=Beachy Island). The southern Grand Bank sections (SW-SPB and SE-
SPB=southwest and southeast St. Pierre Bank, and SEGB = Southeast Grand Banks) are typically only
sampled during spring and autumn. Additional sections occupied in 2010 include White Bay (WB;
summer), Funk Island (Fl; spring), and S27 (S27; spring).
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Figure 2. Statistical sub-regions in the Northwest Atlantic identified for spatial/temporal analysis of
SeaWiFS/MODIS ocean colour data.
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means.

18



120 ] ] 1 ] ] ]

1998-2009
& 2010

100 & L
L ]

20 S

B0

40

Euphotic Depth (m)

20

0 T T T T T T
J F M amMdJ J a S O N D

Sampling Month

0.35 ] ] ] ] ] ]

18949-2008

& 2010
0.3 r

0.25 4 -

015+

0.1+

0.05+

T T T T
J FM a M dJ J a 5 0 N D

Vertical Attenuation Coefficient (m'1]

Sampling Month

Figure 4. Optical properties (euphotic depth and vertical attenuation from PAR irradiance meter) at S27.
Year 2010 data (circles) compared with mean conditions from 1999 to 2009 (solid line). Vertical lines are
standard errors of annual means.
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Figure 5. Time-series of vertical nitrate structure at S27.
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Figure 6. Time-series of 0-50 m nitrate inventories at S27 (solid line); annual least squares means
(dashed line) with standard errors from linear regression model and long-term average (solid line), top
panel. Bottom panel: Monthly anomaly time-series of 0-50 m nitrate inventories at S27 (vertical bars), and
least squares annual means (dashed line) + standard errors (vertical bars).
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Figure 7. Time-series of deep (50-150 m) nitrate inventories at S27 (solid line); annual least squares
means (dashed line) with standard errors from linear regression model and long-term average (solid line),
top panel. Bottom panel: Monthly anomaly time-series of 50-150 m nitrate inventories at S27 (vertical
bars), and least squares annual means (dashed line) + standard errors (vertical bars).
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Figure 9. Time-series of chlorophyll a (0-100 m) inventories at S27 (solid line); annual least squares means (dashed
line) with standard errors from linear regression model and long-term average (dashed line), top panel. Bottom panel:
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Figure 10. Dynamics of the sg)ring phytoplankton bloom at S27, 2000-2010: Top panel showing timing,
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Figure 11. MODIS semi-monthly composite images of surface chlorophyll a concentrations in the NW
Atlantic region before the start of the ocean monitoring program (March 2010 imagery) and during AZMP
seasonal (April, July, November-December months) surveys in 2010 (see Table 1 for Mission dates).
Data resolution is approximately 2 Km per pixel.
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Figure 12. Time-series of surface chlorophyll a concentrations (mg m-3), from bi-weekly MODIS ocean
colour data along statistical sub-regions across the Newfoundland and Labrador area. See Figure 2 for
locations of statistical sub-regions.
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Figure 13. Vertical profiles of ocean pH and temperature across the summer 2010 seasonal
oceanographic survey. All pH and temperature scales are identical for easier inter-comparisons. Mean
statistics for pH are provided at the upper left hand-corner for each profile.

28



v s e
Tl

Depth (m)
Depth (m)

‘ _ ., SealIsland Section 4 Bonavista Bay Section
. 8.35 8.35
i 83 83
: f XFS 8.25
¢ * ° 8.2 8.2
. * - r 8.15 8.15
8.1 8.1
. . - ‘. 8.05 8.05
8 8
7.95 7.95
20 40 60 80 100 120 11‘10 1é0 1éo 260 zéo 21‘10 7.9 50 160 1‘50 260 zéo 360 79

Temperature ('C) Temperature ('C)

Depth (m)
Depth (m)

2

LW O Rk N WA OO N ®

=
o
o

o Rr N W A U O N ® ©

200

9
———— i
20 40 60 80 100 120 140 160 180 200 220 240
pH

T T T T
50 100 150 200 250 300

-1
Distance from Inshore Station (Km) Distance from Inshore Station (Km)
. pH
) ) SE Grand Banks Section
Flemish Cap Section 825
8.35 '
8.3
8.3
625 8.25
8.2 ’g 8.2
2 £ 100 8.15
S 8.15 =
< a 8.1
S. 8.1 )
a 8.05 0 150 8.05
s 8
7.05 200 7.95
200 0 50 100 150 200 250 300 350 400 450 79
0 50 100 150 200 250 300 350 400 450 7.9 N

Temperature (°
Temperature (°C) emperature (°C)

9
o 8
8 7
! 6
6 —
o) —~
B : = ;
~ 100 4
£ 4 £
(=N o 3
a : 2
2 0 159 2
1 1
o 0

200

200
0 50 100 150 200 250 300 350 400 450

AN

0 50 100 150 200 250 300 350 400 450

Distance from Inshore Station (Km) Distance from Inshore Station (Km)

N

Figure 14. Vertical profiles of ocean pH and temperature across the autumn 2010 seasonal
oceanographic survey. All pH and temperature scales are identical for easier inter-comparisons. Mean
statistics for pH are provided at the upper left hand-corner for each profile.

29



Euphausids
Gastropoda

Oithona spp.
Pseudocalanus spp.

12.4
12.2 1

Calanoid nauplii
Metridia spp.

Calanus finmarchicus
Calanus glacialis

§E£{{§{§§{

Larvacea
Sagitta spp.

10.0
9.5 A
9.0
8.5
8.0
7.5 1
7.0 A
6.5

I
p

1 i1
EEEQ

Temora longicornis
Oncaea spp.

11.0 1
9.5 1

10.5
10.0

11.5

I Eiﬁﬁi{

o
o
o F4,
o
o

30

Microcalanus spp.
Centropages spp.

T
© o <

10
9
8
7 4

6 -

o
ot ko
Fo
ot
fo- Fo2

fodf
o o2

[

Fot

o L%

Calanus hyperboreus
Acartia spp.

FoH
Fo o2

T T
© v < o «

([,.w] souepunqy) u7

74

©

Figure 15. Seasonally-adjusted estimate of the mean abundance of twelve dominant zooplankton taxa

from Station 27 for the period 1999-2010. The error bars represent standard errors.
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Figure 16. Seasonally-adjusted estimates of the mean biomass of 8 dominant copepod species from
Station 27 for the period 1999-2010. The error bars represent standard errors.
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Copepod biomass (Station 27)
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Figure 17. Seasonal cycle of total biomass and species distribution of the dominant copepods at
Station 27 for the period 1999-2010. The vertical order of the species in the lower panel is the same as in

the legend.
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Calanus finmarchicus (Station 27)

LA e Y e U e

1.0 1
0.8 1
0.6 4
0.4 +
0.2 1

0.0 4
1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 201

Pseudocalanus spp. (Station 27)

Numbers (m2)
:

Relative proportion

270000
240000 -
210000
180000
150000
120000 4
90000 -
60000
30000
0+ T
4 t:;1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011

0.8 1
0.6
0.4 1
0.2 4

0.0
1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 201

Numbers (m'z)

Relative proportion

Figure 18. Seasonal cycle of abundance and stage distribution of Calanus finmarchicus and
Pseudocalanus spp. at Station 27 for the period 1999-2010. (Stage ClI (blue), Cll (teal), Clll (green), CIV
(vellow), CV (orange), CVI (brown)).
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Figure 19. Seasonally-adjusted estimate of the mean abundance of small copepods from the
oceanographic transects for the period 1999-2010. The error bars represent standard errors. Values
from the Southeast Grand Banks are based on two occupations per year (spring, fall); values from the
Flemish Cap and Bonavista sections are based on three occupations per year (spring, summer, fall);
values from the Seal Island sections are based on one occupation per year (summer). The Southeast
Grand Banks and Flemish Cap sections are in the southern ecoregion, while the Bonavista Bay and Seal
Island sections are in the northern ecoregion.
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Figure 19. Contd.
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Southeast Grand Banks Flemish Cap Bonavista Bay Seal Island
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Figure 20. Seasonally-adjusted estimate of the mean abundance of meroplankton from the
oceanographic transects for the period 1999-2010. The error bars represent standard errors. Values
from the Southeast Grand Banks are based on two occupations per year (spring, fall); values from the
Flemish Cap and Bonavista sections are based on three occupations per year (spring, summer, fall);
values from the Seal Island section are based on one occupation per year (summer). The Southeast
Grand Banks and Flemish Cap sections are in the southern ecoregion, while the Bonavista Bay and Seal
Island sections are in the northern ecoregion.
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Figure 21. Seasonally-adjusted estimate of the mean abundance of large copepods from the
oceanographic transects for the period 1999-2010. The error bars represent standard errors. Values
from the Southeast Grand Banks are based on two occupations per year (spring, autumn); values from
the Flemish Cap and Bonavista sections are based on three occupations per year (spring, summer, fall);
values from the Seal Island section are based on one occupation per year (summer). The Southeast
Grand Banks and Flemish Cap sections are in the southern ecoregion, while the Bonavista Bay and Seal
Island sections are in the northern ecoregion.
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Figure 22. Seasonally-adjusted estimate of the mean abundance of carnivorous zooplankton from the
oceanographic transects for the period 1999-2010. The error bars represent standard errors. Values
from the Southeast Grand Banks are based on two occupations per year (spring, fall); values from the
Flemish Cap and Bonavista sections are based on three occupations per year (spring, summer, fall);
values from the Seal Island section are based on one occupation per year (summer). The Southeast
Grand Banks and Flemish Cap sections are in the southern ecoregion, while the Bonavista Bay and Seal
Island sections are in the northern ecoregion.
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Figure 23. Box-whisker plots of the standardized anomaly (1999-2010) time-series of the abundance of
four functional groups of zooplankton shown in Figures 19-22 from the Bonavista and Seal Island
sections (northern ecoregion). The red line represents the composite index of physical oceanographic
conditions in the Newfoundland region.
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Small copepods (Grand Banks)
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Figure 23. Box-whisker plots of the standardized anomaly (1999-2010) time-series of the abundance of
four functional groups of zooplankton shown in Figures 19-22 from the Flemish Cap and southeast
Grand Banks sections (southern ecoregion). The red line represents the composite index of physical
oceanographic conditions in the Newfoundland region.
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Figure 25.

Scorecard - Newfoundland and Labrador 2010
Section 1999 2000 2001 2002 2003 2004 2005 2006 2007 Legend (SD)
Seal Island -0.2 0.2 1.7 0.4 -1.4 0.8 -1, . Y < -3
Bonavista
Station 27
Flemish Cap
SE Grand Banks

Seal Island
Bonavista
Station 27
Flemish Cap

SE Grand Banks

Bonavista

Station 27 0.3 0.3
Flemish Cap 0.2 -0.2
SE Grand Banks 0.1

Bonavista
Station 27
Flemish Cap
SE Grand Banks
Section
Seal Island
Bonavista
Station 27 b . J 3
Flemish Cap . - . X . 0.4
SE Grand Banks 0.1

Station 27 0.1 0.2 -1.5 0.5 0.2

Station 27 s o3 0.4 0.3 1.6 0.6 0.5

Station 27 2.1 0.4 0.1 0.1 1.1 -1.0 1.2 0.4 04 HET
Section 1999 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010

Seal Island 0.0 0.0 0.3 0.3 0.4 -1.2 0.2

Bonavista 03 0.4 03 11 0.2 0.2 0.2

Station 27 0.2 0.4 0.9 0.5 4.3 0.4

Flemish Cap 0.2 0.1 0.1 0.3 0.2

SE Grand Banks 0.4 0.2 0.2 0.3 0.1

Seal Island
Bonavista
Station 27
Flemish Cap
SE Grand Banks

Seal Island 0.1
Bonavista

Station 27 0.5
Flemish Cap -0.3

SE Grand Banks 0.3 0.2

Seal Island -0.4

Bonavista 0.5 0.1 0.2 0.2 0.0 0.4
Station 27 0.1 0.3 -0.3 Ly -0.2

Flemish Cap -0.3 -0.4 0.3 0.0 0.5 0.4

SE Grand Banks 0.1 -0.2 0.0 -0.3 0.0 0.1

Time-series of nutrient inventories, phytoplankton abundance and bloom characteristics, and
zooplankton abundance from AZMP oceanographic sections and S27, 1999-2010. A grey cell indicates
missing data. The numbers in the cells standardized anomaly values (differences from the long-term
average divided by the standard deviation) from the reference period 1999-2010. A red cell indicates a
higher-than-normal level and a blue cell indicates a lower-than-normal level; more intense colours

indicate larger anomalies.
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Figure 26. The sum of the anomalies of NAO and air temperature (dark red), ice (dark pink), water
temperature (light green), Cold Intermediate Layer (dark green) and salinites (blue) are shown in the
bottom panel together with the individual components. The anomalies for each series are normalized with
respect to their standard deviations over a base period from 1981 to 2010. Positive anomalies indicate a
higher-than-normal level and a negative anomalies indicate a lower-than-normal level.
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Figure 27. Correlation coefficient of environmental variables with nutrient inventories and estimates of
phytoplankton abundance from four oceanographic sections and S27 (see legend in upper left corner).
The outer dotted lines represent values of |r | = 0.576, which is statistically significant based on 12 years
of observations.
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Correlations with all zooplankton taxa
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Figure 28. Box-whisker plots of the distribution of Pearson’s correlation coefficient of each index of
physical environmental variables (y-axis) with all indices of zooplankton abundance (27 taxonomic
groups) from each of the four oceanographic sections. Boxes represent the 25" to 75" percentiles of the
distribution, with the median contained within. Error bars represent the 5™ and 95" percentiles of the
distribution and dots represent the outliers beyond those limits. The outer dotted lines represent values
of |r| = 0.576, which is statistically significant based on 12 years of observations.
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Figure 29. Box-whisker plots of the distribution of Pearson’s correlation coefficient of the time-series for
the abundance patterns for each zooplankton taxa from all the oceanographic sections (y-axis) with all
physical indices (28 variables). Boxes represent the 25" to 75" percentiles of the distribution, with the
median contained within. Error bars represent the 5" and 95" percentiles of the distribution and dots
represent the outliers beyond those limits. The outer dotted lines represent values of |r | = 0.576, which is
statistically significant based on 12 years of observations.
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