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Introduction

Walleye pollock (Gadus chalcogrammus) is the second most
extensively fished species in the world

Bulatov, 2014


Presenter
Presentation Notes
I’ll start with a quick introduction and begin by saying that the walleye pollock, shown here, is the second most extensively fished species in the world. This is further exemplified by this figure, which shows the annual catches from 1970 to 2011, by Japan denoted by the broken lines, Russia by the solid line and US by the green-black colored line. The annual catches for the other countries are shown by the vertical bars. Based on this figure, we see the strong fluctuations in the availability of walleye pollock to the fishery during the last 41 years.


Note: It also plays an important ecological role in the Bering Sea ecosystem, serving as both prey for higher trophic species and predator of smaller fishes; Generally demersal, from 30 to below 400 m depth, sometimes near the surface; performs diurnal vertical migrations. Reaches first maturity at 3-4 years (30 to 38 cm total length)
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Bulatov, 2014
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If we were to look at the annual catches of the walleye pollock off the different geographical regions from 1971-2012 as shown in this graph, we will see that the highest catches for this species were found off the western and eastern parts of the Bering Sea. 


Introduction

Environmental and climate conditions influence abundance & distribution
of walleye pollock in the Bering Sea inferred from statistical model (GAM)

Eggs Yolksac larvae Preflexion larvae

Late larvae Juveniles

Swartzman et al. 1995, Smart et al, 2012
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Due to its profound economic importance, there have been several studies looking into the effects of environmental and climate conditions to the abundance and distribution of walleye pollock in the Bering Sea. One of the earlier studies, was that of Smart et al (2012), where they examine the effect of temperature across the different life stages of the walleye pollock, using a generalized additive model. Their results showed that early life stages of the walleye pollock preferred colder temperatures between -2 and 6 degC and shown in thee following response curves, where values above zero indicate positive effect on abundance. The juveniles of the species however shifted their temperature preference into warmer temperatures between 4 and 12 degC. 

Note: Pollock also serve a key role in the Bering Sea food web, acting as prey for marine mammals and seabirds, piscivores, and zooplanktivores (Aydin et al., 2002)
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Introduction

= Bioclimatic velocity: rate
at a species must migrate
to maintain constant
habitat conditions.

= Distribution-based
analysis of climate-
induced shift on species
suitable habitat

Serra-Diaz et al, 2014; Comte & Grenouillet, 2015, Carroll et al. 2015
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Since there is a mounting evidence pointing into the relevance of environmental and climate drivers to the abundance and distribution of species in both the terrestrial and marine environments, what we would like to do here is to further our understanding of the species-environment interaction of walleye pollock in the Bering Sea by introducing an analytical metric, known as the bioclimatic velocity. Bioclimatic velocity is defined as the rate at a species must migrate over the earth’s surface to maintain constant habitat conditions. This approach is distribution-based analysis that highlights the climate-induced shift on species suitable habitat. This concept is shown in this graphical representation, where bioclimatic velocity is computed as the ratio between the temporal and spatial slopes of a species suitable habitat predicted within a given period of time.

Note: Bioclimatic velocity. It measures the species-specific exposure to climate change. It also refers to climate-induced shift in species suitable habitat. Climate displacements derived from multiple bioclimatic variables show mores complex and informative patterns than those of temperature change alone; Complex conservation strategy if the areas of low biotic velocity do not overlap with regions of low climatic velocity


B
Introduction

Objectives

= Map the preferential habitat of walleye pollock in Bering Sea
using species distribution models

= Examine the sensitivity of walleye pollock to climate changes
within a sub-decadal (7-8 years) temporal scale

= Compare the spatio-temporal trends of climatic and bioclimatic
velocities in Bering Sea

Rationale

Climate & environmental impacts vary across species and climate
shifts from multiple bioclimatic variables show more complex and
informative patterns than those of temperature change alone
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Thus, raises the importance of understanding species-specific responses to changes of multiple bioclimatic variables.
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Moving on to the Data and methods. The figure shows the map of the study area, with the major oceanographic and topographic features, which are believed to directly or indirectly influence the distribution of marine resources in the area.


Data and Methods

Raw spatial Raw temporal

Environmental variables Abbreviation Unit . . Source
resolution  resolution

Mean Sea surface o o :
Ty sstmean C 0.25 Daily AVHRR-OI
SST standard deviation sstsd °C 0.25° Daily AVHRR-OI
SST maximum sstmax °C 0.25° Daily AVHRR-OI
SST minimum sstmin °C 0.25° Daily AVHRR-OI
SSHA ssha cm 0.33° Daily AVISO
Geostrophic u u cm/s 0.33° Daily AVISO
Geostrophic v v cm/s 0.33° Daily AVISO
Depth dep m 0.02° — ETOPO1
Fishery-independent data
Catch—per'—unlt—effort & | CPUE e 37 km x 37 Sl NOAA-RACE
geographic survey position km

Temporal coverage: June—July, 1993-2015 (Based on the earliest availability

of environmental data for SSHA and geostrophic velocity)
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The following table summarizes the list of environmental and fishery independent data to construct the habitat models and consequently calculate the bioclimatic and climatic velocities. The temporal coverage  for this analysis is from June-July 1993-2015, covering a 23-year period.


Data and Methods | Bioclimatic velocity

1993-2000 2001-2008 2009-2015

—_————

Transition 1 (T1) — cold to warm Transition 2 (T2) — warm to cold

Period 1 (p1) Period 2 (p2)

Period 3 (p3)

Climate Fishery
data (p3) data (p3)

Climate Fishery
data (p2) data (p2)

Climate Fishery
data (p1) data (p1)

L

MaxEnt MaxEnt MaxEnt
model (p1) model (p2) model (p3)
Projected Observed Projected Observed

Observed range (p1) range (p2)  range (p2) range (p3)  range (p3)

Expected range shift (T1) J t Exp:hci::(z_rr;)nge J

(bioclimatic velocities) (bioclimatic velocities)

Redrawn from Comte & Grenouillet, 2015
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To computation of bioclimatic velocity, is patterned based on these steps. Firstly, we divided the 23-year timeseries into 3 periods, where period 1 covers the years from 1993-2000, period 2 from 2001-2008 and period 3 from 2009-2015.  Using these periods, we computed for the bioclimatic velocities for two transitions. For each period, we developed the habitat model using Maximum entropy algorithm, from the climate and fishery data for the given years. These models were subsequently used to generate potential habitat predictions for the observed and projected habitat ranges, which were then used to compute for the expected range shift or bioclimatic velocity for each transition.  


Data an d |V| et h od S | Multivariate climatic velocity

1993-2000 2001-2008 2009-2015
Transition 1 (T1) — cold to warm Transition 2 (T2) - warm to cold
*
Period 1 (p1) Period 2 (p2) Period 3 (p3)
Climate Climate Climate
data (p1) data (p2) data (p3)

Y

Multivariate PCA

i

Retained PCA Retained PCA Retained PCA
components (p1) components (p2) components (p3)

Climatic velocity (T1) Climatic velocity (T2)

Y

Multivariate PCA

\

Y

Multivariate PCA

\
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To examine climatic shift during the period of study, we employed a multivariate principal component analysis to extract the unique components that largely explained the variances in the multi-parameter climate data for each of the given transitions. Using the retained PCA components, we then computed for the multivariate climatic velocity using the ratio between the temporal and spatial gradients of the main PCA components.


Magnitude of bioclimatic
velocity between transitions

Results & Discussion

Cold to warm Warm to cold
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Results & Discussion

Regional patterns of
bioclimatic velocity

Habitat decrease
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Similar patterns are further evident, when we examined the distribution of bioclimatic velocity for each transition averaged along the latitudinal axis for different regions of the study area, divided into the SBS, NBS and SCS. Again, during the first transition, we see the prominent peak of habitat loss off the SBS and an overall expansion of pollock suitable habitat across the entire basin during the second transition. Despite the contrasting patterns in magnitude, histograms of the directional component of the velocity, showed a mean northeast-ward shift in habitat shifts.  

Note: Bioclimatic velocity mean, weighted by HSI along the meridional axis.
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Results & Discussion

Climatic velocity patterns
between transitions

Transition 1 Transition 2
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To understand what drives this contrasting patterns of bioclimatic velocity, we then look at the spatial distributions and divergence of climatic velocities derived from multi-variate climate data during the period of study. The figures on the left show the computed climatic patterns for transitions 1 and 2, where negative velocity corresponds to cooling pattern and positive velocities to warming patterns. Based on these figures, we see that during the first transition, the southern Bering Sea, experienced significant warming relative to the NBS and SCS. This pattern, however, reverses during the second transition. More so, it we look at the patterns of divergence in  the rightmost figure, we can further see the prominent signals of high climatic divergence off the GOA and SCS. Larger divergence values suggest that these areas experienced highly dynamic climatic patterns during the 23-year period and as such could have the largest exposure to climatic changes. It is also worth noting, that despite of the observed responses of walleye pollock to climate-induced changes in the Bering Sea, there is still a discernable lag in the species response to climatic changes, as evidenced by the faster rates of climatic over bioclimatic velocities.       





bioclimatic velocity lags behind climatic velocity;
Divergence = 0; consistent climate changes across the transitions; Larger divergence values indicate vectors that diverge in direction and magnitude 




Bioclimatic & climatic
divergence for all transitions

Results & Discussion
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To understand what drives this contrasting patterns of bioclimatic velocity, we then look at the spatial distributions and divergence of climatic velocities derived from multi-variate climate data during the period of study. The figures on the left show the computed climatic patterns for transitions 1 and 2, where negative velocity corresponds to cooling pattern and positive velocities to warming patterns. Based on these figures, we see that during the first transition, the southern Bering Sea, experienced significant warming relative to the NBS and SCS. This pattern, however, reverses during the second transition. More so, it we look at the patterns of divergence in  the rightmost figure, we can further see the prominent signals of high climatic divergence off the GOA and SCS. Larger divergence values suggest that these areas experienced highly dynamic climatic patterns during the 23-year period and as such could have the largest exposure to climatic changes. It is also worth noting, that despite of the observed responses of walleye pollock to climate-induced changes in the Bering Sea, there is still a discernable lag in the species response to climatic changes, as evidenced by the faster rates of climatic over bioclimatic velocities.       





bioclimatic velocity lags behind climatic velocity;
Divergence = 0; consistent climate changes across the transitions; Larger divergence values indicate vectors that diverge in direction and magnitude 
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Summary & Conclusion

Cold to warm transition

= Cooling/warming patterns
were spatially homogeneous
in Eastern Bering Sea & SCS

"  Promotes habitat loss for
walleye pollock in SBS, with
no apparent habitat change
in NBS & SCS

= Potential ill effects of
warming on food availability
in SBS (Stabeno et al. 2012)

Warm to cold transition

=  Regional cooling in SBS and
warming off NBS & SCS

" Promotes habitat gain for
walleye pollock in SBS

= Net northward expansion of
favorable habitat for walleye
pollock

= |mplication on ecosystem
shift in Bering-Chukchi Seas
(Grebmeier et al. 2006)
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To summarize the key findings of our analyses, we can say that the walleye pollock in the Bering Sea exhibited significant exposure to sub-decadal climate changes, with net northward habitat expansion during the 23-year period. It is also worth noting that the rate of climate shifts were way faster than bioclimatic velocities for walleye pollock, highlighting the considerable lags in biological responses to climate changes. More so, bioclimatic velocity under the colder northern Bering Sea and warmer southern Bering Sea favored the loss of suitable habitat for walleye pollock (T1), however, reverse temperature conditions, promoted habitat gain (T2). Finally, the relationship showed contrasting spatial and temporal patterns, highlighting the need for region-specific management strategies.






Note: Climatic changes are not evenly distributed across the Bering-Chukchi Seas, hence exposure of walleye pollock to these variability exhibited differences in sensitivities in both spatial and temporal patterns 
Ecological implications? Promote ecosystem shift from a benthic to pelagic-dominated ecosystem (Grebmeier) 


Thank you for your
attention.
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