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Study area 

Northward currents 
Seasonal ice cover 

Courtesy of Danielson and Weingartner, UAF 



Goals 

• U.S. BASIS (2002-2015): eastern Bering Sea  
– Chlorophyll a (Chla, phytoplankton 

biomass) and zooplankton communities in 
North and South (> or < 60 ◦N) 

• Spatial variations (temperature, salinity, 
nutrients, Chla) 

• Variations between warm and cold year stanzas 
• Interannual variations 
• Relationship to environmental variables  

• Arctic Eis (2012-2013): north Bering and 
Chukchi seas 
–  Zooplankton communities  

• Spatial variations  
• Interannual variations 
• Relationship to environmental variables 

 
 
 

South  

North 
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Show T, S, nutreints and chla to show gradients spatially and warm/ cold. Show communities of zoo over time and relation to bottom TMaybe skip the chla and zoo communities or simplify somehowArctic Eis data with Basis 2007? Or show Ershova fig? mention importance of bottom S for 2007.Show communities of zoo, pelagic, benthic, seabirds from sigler and relate to env.



Data collection 
• Mid August – September (or early October) 
• BASIS: 2002-2012, 2014-2015 
• Arctic Eis: 2012, 2013 
• Temperature, Salinity Nutrients, Chla 

– Vertical CTD profiles  
– Nutrients: nitrate, nitrite, ammonium, 

phosphate, silicic acid  
– Integrated (top 50 m) Chlorophyll a (Chla) from 

calibrated in situ fluorescence 
• Chla size fractions: large (> 10 µm) 

• Zooplankton  
– Large taxa: bongo oblique tows, 505 µm 
– Small taxa: Juday vertical tows, 168 µm or 

oblique bongo tows, 153 µm  (Arctic Eis)  
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Chlorophyll a,  
Temperature, Salinity, and Nutrients 



Surface and deep (above and below pycnocline) 
temperature, salinity, nitrate, ammonium: means 2003-2012 
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Eisner et al. 2015, DSRII 



Integrated Chlorophyll a (Chla, mg m-2) total and 
large (> 10 µm)  size fraction, means 2003-2012 
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Eisner et al. 2015, DSRII 
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Get Seabird data to show its distribution correaltes?High spatial variability over shelf. Similar patterns in relative Chla with higher values near Pribs and in Outer Domain in warm and cold years.Less large chla in SE Middle shelf and in north.Overlay Bering sea regions?Add names: Alaksan Penn, Pribilof I, St lwarenc eI…Highest near Pribs, then south outer, near M4, AK Penn.Lowest north middle, Norton Sound, north Inner 



Surface and deep 
temperature: 

 
Means for warm 
(2003-2005) and 
cold (2007-2012) 

years 
 

Warm Cold 

Deep 

Surface 
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Integrated total 
and large size  

(> 10 µm) Chla: 
  

Means for warm 
(2003-2005) and 
cold (2007-2012) 

years 

Warm Cold 

Large 

Total 

Eisner et al. 2015, DSRII 
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Ecoregions (Ortiz et al., 2012) with significant  
(P < 0.05) increases in integrated Chla in warm 

compared to cold years 
Total Chla Chla > 10 µm 

Eisner et al. 2015, DSRII 



 
Mean temperature (°C) below the 

pycnocline (deep) by ecoregion and year 
 

Red = positive anomaly  
Blue = negative anomaly  

(anomaly calculated separately for each region) 
 

Eisner et al. 2016, http://access.afsc.noaa.gov/reem/ecoweb/Index.php. 

Domain Region 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
North 
Inner North 11 7.3 7.7 9.0 7.0 6.7 7.1 6.4 6.1 6.8 6.3 5.2 8.8 7.4
Middle St Matthew 9 3.5 6.0 3.8 4.0 1.5 0.8 0.7 0.7 1.9 1.0 2.5 0.6

North 10 4.6 3.2 1.3 1.4 1.0 1.3 1.4 0.9 0.6 2.1 0.1
> 63°N St Lawrence 12 6.2 4.4 7.0 4.7 6.4 3.9 5.4 3.9 5.5 5.6 3.3

S Bering Strait 13 5.4 5.8 6.9 7.4 4.7 6.1 3.7 5.5 5.1 3.2 3.3 5.5 5.9
Norton Sound 14 7.3 10.2 11.4 8.1 10.3 8.0 8.6 7.5 6.8 8.2 8.9 8.8

South
Inner South 2 8.7 9.3 9.5 9.2 7.9 6.3 6.5 7.3 7.1 7.0 6.5 6.3 7.3

Mid-north 7 9.5 9.9 9.9 8.4 7.6 7.9 6.1 7.6 7.3 7.2 6.5 6.1 7.2
Middle AK Penn 1 7.7 7.8 7.8 7.8 7.9 5.3 6.8 7.0 6.0 6.9 5.4 7.2 7.9

South 3 4.9 5.2 5.2 5.9 4.1 2.9 2.9 2.6 2.2 3.9 2.0 4.8 5.3
Pribilofs 5 4.1 7.6 7.5 5.5 4.2 4.2 5.0 3.6 5.9
Mid-north 6 5.7 4.3 5.5 2.2 2.9 1.9 3.4 1.9 3.5 2.2 3.4 3.9

Outer South 4 6.9 6.8 6.1 6.3 6.0 5.4 5.6 5.0 5.3 5.3 5.5 6.3

Presenter
Presentation Notes
Normalized anomalies (mean yearly value minus average value over 2002-2015  normalized by standard deviation) of temperature and salinity were separately computed for each Bering Sea Project region (Ortiz et al., 2012)Norht on top in graph.



Linear regressions of means by ecoregion:  
Deep temp and integrated Chla, 2003-2012 

  

P-values shown, * significant (P < 0.05),  
positive (+) or negative (−) relationship indicated  

Region 
 

South 
Inner 
2 

Mid-North 
Inner 
7 

South 
Middle 
(M2) 
3 

Mid-North  
Middle 
(M4) 
6 

South 
Outer 
4 

St. 
Matthew 
9 

South 
Bering 
Strait 
13 

Chla total (+)  (+)  (+) (+) (+) (−) 
P -value 0.048* 0.13 0.026* <0.001* 0.042* 0.008* 0.028* 
Adjusted R2  0.33 0.17 0.42  0.81 0.39 0.60 0.45 
Chla >10 
µm (large) (+)  (+)  (+) (+) (−) 
P -value 0.10 0.029* 0.008* 0.009* 0.35 0.006* 0.015* 
Adjusted R2 0.22 0.40 0.55 0.54 0.00 0.63 0.54 

Eisner et al. 2015, DSRII 
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Linear regressions of means by ecoregion:  
Deep temp and integrated Chla, 2003-2012 

  

P-values shown, * significant (P < 0.05),  
positive (+) or negative (−) relationship indicated  
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P -value 0.10 0.029* 0.008* 0.009* 0.35 0.006* 0.015* 
Adjusted R2 0.22 0.40 0.55 0.54 0.00 0.63 0.54 

Surface T and Chla: significant negative relationship for Region 13, total and > 10 µm Chla 
   significant positive relationship for Region 1, total and > 10 µm Chla 

Eisner et al. 2015, DSRII 
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Hydrographic data 
(PMEL, NOAA) 
along the 70-m 

isobath, 
1–5 Sept, 2008  

 

Stabeno, P. et al., 2012. A comparison of the physics, of the northern and southern shelves of the eastern 
Bering Sea and some implications to the ecosystem. Deep Sea Res. II 65-70:14-30. 
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Zooplankton Assemblages 



Ecoregions 
north of 60°N 

T 
Top 

 (° C) 

T 
Bottom 

 (° C) 
S 

 Top 
S 

Bottom 

Beam c 
(% light 
trans.) 

Large  
zoo 

abund.  
(# m-3) 

Small  
zoo 

abund.  
(# m-3) 

Juvenile 
salmon 
biomass  

(kg  km-2) 
Norton Sound 

(14) 9.70 8.92 27.00 28.29 65 41 13037 575 

S. Bering Strait 
(13) 7.51 5.15 31.11 31.59 82 2418 10399 2287 

St. Lawrence 
(12) 7.65 2.97 31.80 32.20 89 183 13108 194 

North Inner 
(11) 8.25 6.53 30.63 30.92 82 84 104127 3706 

North Middle 
(10) 7.83 1.26 31.15 31.57 83 90 54969 819 

St. Matthew 
(9) 7.61 1.33 31.32 31.74 84 67 5941 930 

T, S, large and small zooplankton abundance and 
juvenile salmon biomass by Ecoregion: Means for 
2002-2011 Red = high/maximum and blue = minimum values.  

Gann, unpublished 



Ecoregions 
north of 60°N 
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T, S, large and small zooplankton abundance and 
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2002-2011 Red = high/maximum and blue = minimum values.  

Gann, unpublished 



 
Differences in zooplankton community 
structure (using abundance data) 
between warm (2003-2005) and cold 
(2006-2009) stanzas (*P value < 0.05 is significant) 

Large Zoo  Small Zoo   

Domain P(perm) P(perm) 
N Inner 0.15 0.44 
N Middle 0.024* 0.029* 
S Inner 0.002* 0.005* 
S Middle 0.001* 0.001* 
S Outer 0.008* 0.73 

Primer-E, PERMANOVA test Eisner et al. 2014, DSRII 
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Ice cover, deep T and 
large zooplankton  
in SE Bering Sea 

Eisner et al. (2014) DSRII 
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Large Zooplankton 
Environmental variables in best-fit models:  

P-values 
Variable S Inner S Middle S Outer N Middle 
Longitude - - 0.01 - 
Latitude - - - 0.01 
Temp deep -  0.001 -  0.001 
Temp surface 0.03  0.001 - - 
Salinity deep -  0.001 - - 
Integrated Chla 0.01 - - - 
Ice retreat timing - - 0.01 0.08 
Winter wind 
direction 

0.01 - - - 

Primer-E, PERMANOVA test Eisner et al. 2014, DSRII 
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Maybe circle North MiddleEnv explains some variability in communities between warm and cold years in all domains except S Middle- maybe add as a text box.T below pyc important in S and N Middle DomainsT above pyc important in S inner and S MiddleT not important in S OuterFor small taxa, T above and below pyc important in in S but not in NLongitude and latitude more important in south.



Variable S Inner S Middle N Middle 
Longitude - 0.03 0.02 
Latitude - - 0.04 
Temp deep 0.001 0.003 - 
Temp surface 0.001 0.001 - 
Stability -  0.001 - 
Ice retreat timing - - 0.20 

Primer-E, PERMANOVA test 

Small Zooplankton 
Environmental variables in best-fit models 

P-values 

Eisner et al. 2014, DSRII 
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T above and below pyc important in in S but not in NLongitude and latitude more important in south.



Total abundance (No. m-3) and biomass (wet wt, g m-3) 
geometric mean, SE 
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Total abundance (No. m-3) and biomass (wet wt, g m-3) 
geometric mean, SE 
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Total abundance (No. m-3) and biomass (wet wt, g m-3) 
geometric mean, SE 
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Northern Bering and Chukchi  



Zoogeography Study using 2012 Arctic Eis data 
(zooplankton, pelagic fish, benthic fish and invert., seabirds)  
 
Cross-assemblage groupings 

Northern Chukchi shelf 
community  

Chirikov Basin and 
southern Chukchi 
community  

Alaska Coastal Water 
community  

colder, saltier, 
nutrient rich 

warmer, fresher, 
nutrient poor 

colder, saltier, but 
not as nutrient rich 

Sigler et al. 2016. Summer zoogeography of the northern 
Bering and eastern Chukchi Seas, DSRII 
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Three communities (i.e., cross-assemblage groupings) emerged based on maps of ordination axes and core use areas by taxa; one associated with Alaska Coastal Water (warmer, fresher, nutrient depauperate), a second associated with Chirikov Basin and the southern Chukchi Sea (colder, saltier, nutrient rich), and a third associated with the northern Chukchi shelf (colder and saltier but not as nutrient rich). Gradients in species composition occurred both within and between these communities. 



Multivariate analysis 

NMDS axis values 
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Sigler et al. 2016.  

Zooplankton Species: 
gradients abrupt 
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The gradients in assemblage composition were gradual for epibenthic taxa, abrupt for zooplankton taxa, and intermediate for pelagic fish/jellyfish and seabird taxa, implying that zooplankton assemblage structure is most strongly tied to water mass, epibenthic least, with the other two taxa intermediate.



Depth Temperature Salinity Stratification Chl a 
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Zooplankton 

Pelagic Benthic Seabird 
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Influential environmental factors 

Sigler et al. 2016.  
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These are the influential environmental factors based on the previous analyses. Six of the measured environmental factors (bottom depth, sea surface and bottom water temperature, sea surface salinity, stratification, and Chla) were related to the compositions of one or more of the zooplankton, pelagic fishes/jellyfish, epibenthic, and seabird assemblages. Three factors influenced each assemblage. Connections among these factors were inferred based on the best GAM models (previous two slides). Bottom depth influenced the zooplankton, pelagic fishes/jellyfish, and epibenthic assemblages, but not the seabird assemblage. Temperature and salinity together characterize water mass and one or both influenced three of four assemblages (except pelagic fishes/jellyfish) in the Mantel correlations and the GAM models. Instead depth influenced the pelagic fishes/jellyfish assemblage; because depth and bottom temperature are correlated, by implication bottom temperature also influenced the pelagic fishes/jellyfish assemblage. The strength of stratification or Chla influenced three of four assemblages (all except epibenthic). Thus, the six environmental factors that most influenced distributions of zooplankton, pelagic fishes/jellyfish, epibenthic fishes and invertebrate, and seabird assemblages likely can be simplified to three factors reflecting bottom depth, water mass, and their stratification and productivity (which are tightly linked in the study region). Combined, these factors influence prey availability to the ecosystem components analyzed here. Their influence can be explained by mechanistic connections. Water masses transport nutrients, particulate organic matter, and organisms from the Bering Sea northward (e.g., transport of Bering Slope-Anadyr Water into Chirikov Basin) and result in ecosystem connectivity between the northern Bering and southern Chukchi seas as reflected in the cross-assemblage zoogeographic patterns. At the same time, water masses reflect in situ modifications as they transit the shelves resulting, for example, in temperature-related regional differences in metabolic rates and species specific temperature preferences (e.g., Laurel et al., 2015). The influence of Alaska Coastal Water, which is warmer, fresher, and nutrient-poor (Springer and McRoy, 1993), is typically spatially coincident with slightly shallower depths, although sufficient winds can spread these waters offshore to deeper regions (e.g., Danielson et al., this volume). Stratification triggers the spring bloom and later limits vertical nutrient fluxes, and thus food availability for zooplankton and in turn for planktivorous fishes and seabirds. As previous programs have pointed out, the implication for future studies is that the three environmental factors depth, water mass, and productivity regimes should be a focal point for system-level evaluations (for example, this is key to the design of the Distributed Biological Observatory; Grebmeier et al., 2010). 



Arctic EIS: Temperature above pycnocline, 
07Aug-24Sep 

• most differences occurring in the northeast  
• ACC reduced in 2013 

-180 -175 -170 -165 -160

60

62

64

66

68

70

72

-2 -1 0 1 2 3 4 5 6 7 8 9 10 11 12
-2   1   0   1   2   3   4   5   6   7   8   9  10  11  12 

-180 -175 -170 -165 -160

60

62

64

66

68

70

72

-2 -1 0 1 2 3 4 5 6 7 8 9 10 11 12
-2   1   0   1   2   3   4   5   6   7   8   9  10  11  12 

Pinchuk & Eisner, Deep-Sea Research II, in press 
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The distribution of temperature above the pycnocline appears to be in close correspondence to ACC variations and ice edge locations.Circulation patterns must be quite different between the years, and so might zooplankton distributions.Increased winds from EastACC much reduced in 2013Barrow Canyon transport > 3X higher in 2012 than 2013Most water masses had higher salinity, higher nutrients in 2012 than 2013



Oceanic Pacific Species Complex (Neocalanus spp.) 

                                                    Tabove                  Tbelow                     Sabove                Sbelow 
 
Correlation  (p<0.05)              -0.041           -0.092           0.510           0.439 

• strong positive correlations to salinity indicate a link to the 
Bering/Chukchi Summer Water 

• occur over the Central Channel and in northeast in 2012, but 
restricted to southern shelf in 2013 

2012 2013 

Pinchuk & Eisner, in press 
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Oceanic Pacific Group (expatriate)Neocalanus cristatusNeocalanus plumchrusNeocalanus flemingeriMetridia pacificaEucalanus bungiiThemisto pacificaEucronia hamataOceanic Pacific zooplankton and Calanus glacialis further north, and Bering flounder larvae higher in abundance in 2012 than 2013 (transport from south higher in 2012?)



Arctic Species Complex (Calanus hyperboreus) 
 

                                                            Tabove                  Tbelow                     Sabove                Sbelow 
 
Correlation  (p<0.05)                 -0.541           -0.468           -0.440           0.080 

• strong negative correlations  to temperature and salinity above the 
pycnocline, indicate a link to Melt Water 

• virtually absent in 2012, but expanded in the northeast in 2013 

2012 2013 

Pinchuk & Eisner, in press 
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Arctic Group(resident)Calanus hyperboreusPareuchaeta glacialisMetridia longaThemisto abyssorumArctic zooplankton higher and C. glacialis in earlier stages on NE shelf 2013 (transport from east higher in 2013?)



Calanus glacialis 

• occur over the Central Channel and in the northeast in 2012  
• two  centers of distribution in 2013: south and northeast  

2012 2013 

Pinchuk & Eisner, in press 
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Widespread Shelf Group (resident)Calanus glacialisSagitta elegansAglantha digitale>70% of total biomassArctic zooplankton higher and C. glacialis in earlier stages on NE shelf 2013 (transport from east higher in 2013?)



Conclusions 
• Changes in temperature, ice, Chla and zooplankton 

composition are greater in S than N, but still see 
changes in N (in some regions). 

• Lower Chla, lower zooplankton biomass and more 
gelatinous zooplankton in N than S. 

• High Chla and high abundance of large zooplankton in 
South Bering Strait. Negative relationship of Chla to T 
(unlike in S Bering). 

• Abrupt gradients in zooplankton composition from 
north Bering to Chukchi, related to water mass, latitude 
(northward transport important). 

• See only half the picture, need to look at western side of 
north Bering and Chukchi seas.  
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Greatest regime changes in S Inner and S Middle. Did not see regimes changes in N Inner (large and small) and S Outer (small)Outer Domain variations driven by other factors than sea ice?Regime changes over a broader area for large than small taxa.Lower biomass in N than S for large and small taxa (primarily copepods). Switch in copepod taxa. mMre Pseudocalanus and Acartia and less Othoina in cold years. so biomass doesn’t change.More gelatinous taxa in N.Add photo of phytoplankton
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