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Presenter
Presentation Notes
Today, my presentation will be on the future projected impacts of ocean warming to potential squid habitat in the North Pacific.
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Introduction: Climate-driven changes in marine biodiversity
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Cheung et al. 2014
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I would like to start off with a brief overview of the impacts of  climate variability to marine systems. Quite recently, climate-related changes such as global warming has been shown to have pronounced effects in various fisheries resources. For instance, in the eastern North Pacific, ocean warming was shown to cause a net pole-ward retreat of latitudinal centroids of relative abundance for 28 fish species. This is further coupled with a projected increase in species richness at higher latitudes.
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Introduction: Squid as biological proxy of climate changes

North Pacific population is
comprised of 2 seasonal
spawning cohorts (winter-

spring and autumn) — Yatsu et al.
1997, 1998; Bower & Ichii 2005; Ichii et
al. 2009

Responds quickly to the
changes in the environment

Squid fishery occurs off a highly
dynamic region (e.g. major
currents & frontal systems) —

Roden 1991; Talley et al. 1995; Yasuda
et al. 2003; Polovina et al. 2006
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With the rapid pace of  changing climate, it is imperative to identify biological indicators of environmental changes. Here, we used neon flying squid as biological indicator of climate change as this species responds quickly to the changes in the environment. The topmost map shows the seasonal feeding and spawning areas of the North Pacific population, comprised of the winter-spring and autumn cohorts. The bottom map further shows the region where the Japanese squid jigging activity occurs, situated within the highly dynamic region of the North Pacific. 


Introduction: research rationale

Objective

Examine the squid potential habitat distribution patterns in
response to future ocean warming and quantify its regional
impact in the North Pacific

Significance of the study

= Baseline understanding of squid habitat responses to
ocean warming

= Relevant insights to inform decisions amongst resource
stakeholders
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This brings me to the objective and rationale behind this research, which mainly aims to examine the squid potential habitat distribution patterns in response to future ocean warming and quantify its regional impact in the North Pacific. The results of this study provide a baseline understanding of squid habitat responses to ocean warming and offer relevant insights to inform management decisions amongst the stakeholders. 



Data & Methods

. . Temporal Source Model AUC
Environmental variables  Source . . A
Resolution Resolution Contribution
Sea surface temperature AVHRR-OlI  monthly 25 km 0.8697
Sea surface salinity MOVE-MRI  monthly 10 km 0.8203
Sea surface height AVISO monthly 25 km 0.8286
Net Primary Production 0NV monthly 9 km 0.7501
Squid fishing locations APITRC monthly May-July 2000-2010
IPCC-5 Models Country Scenarios!!
[IMIROC-ESM Japan monthly 0.2°x0.3°
RCP4.5
2ICSIRO MK3.6 Australia ~ monthly 0.8°x1.9° RCP6.0
3IGFDL CM3.0 USA monthly  0.3-1.0°x1.0°  RCP8->
IHadGEM2ES UK monthly  0.3-1.0°x1.0°

\Watanabe et al. 2011; 2Rotstayn et al. 2012; 3Donner et al. 2011; *Jones et al. 2011; >van Vuuren et al. 2011
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Moving on to the data and methods. The table shows the list of environmental factors and fishery information used for the habitat model analyses. The environmental variables used for base model construction include SST, SSS, SSH, and NPP, which have monthly temporal resolution and common spatial footprint of 25km. The datasets were compiled from May-July, 2000-2010. For the future habitat projections, 4 IPCC-5 climate models listed as follows, under the 3 representative concentration pathways were used. 
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Data & Methods: Attributes of IPCC CMIP5 model scenarios

Knutti & Sedlacek 2013

RCP 8.5: Rising emissions
throughout the 21st century

RCP 6.0: Peak emissions
around 2080, then decline

RCP 4.5: Peak emissions
around 2040, then decline

Meinshausen et al. 2011


Presenter
Presentation Notes
Furthermore, the selected RCP scenarios have the following warming attributes as shown in this graph between the years from 1900-2100 and the corresponding levels of global surface warming. Under the RCP 4.5, peak emissions occurred around 2040 and declined, RCP 6.0 peak emissions occurred around 2080 and declined while RCP 8.0 is characterized by the rising emissions throughout the 21st century. 


=
Data & Methods: habitat model framework

Maximum Entropy
HSI Model!

2000-2010
Median values

1Phillips et al. 2006
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To summarize the framework used for the habitat analyses, we have crafted this graphical representation that highlights the flow of the analysis which started with the preparation of the datasets for base model construction, where present-day predictions were generated using the 2000-2010 median values of environmental variables using the Maximum entropy model. SST from climate models were then used to create future HSI projections for May, June and July 2025, 2050 and 2100. The HSI projections from 4 climate models were then used to create ensemble mean and median HSI predictions for 3 RCP scenarios.
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Results & Discussion: Squid habitat in the late century (2100)
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PRESENT
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Early formation and shorter duration
of squid potential habitat in summer RCP6.0
RCP8.5

Habitat Suitability Index
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Moving on to the results and discussion. The figure shows the ensemble median HSI from May-July 2100 under the 3 RCP scenarios. Overlain are the present-day monthly fishing locations. Based on these maps, drastic changes in squid potential habitat relative to the present-day occurred under RCP6.0 and 8.5 which correspond to high CO2 emissions and hence higher degree of warming. Future potential habitat under these scenarios also decreased in magnitude and eventually disappeared in July suggesting an early formation and shorter duration of squid potential habitat. 
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Results & Discussion: Latitudinal shift in potential habitat

MAY JUN JUL

Northward retreat and decrease in
HSI magnitude (favorable habitat)
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More so, the northward displacement of squid habitat are further shown in this figure. The plots are ensemble median HSI extracted at the dateline across 30-50N for the 3 RCPs. X-axis is the latitude and Y-axis is the HSI. Again the highest northward retreat and decrease in future squid habitat was observed under the highest degree of warming scenario.



Results & Discussion: Warming impact on spatial habitat pattern

Squid habitat changes were proportional to the degree of warming
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If we try to look at the impact of ocean warming to potential squid habitat under the different emission scenarios, we see in this figure that their effects were proportional to the degree of warming, with the highest increase in pixel with negative HSI anomaly under RCPs 6.0 and 8.5 as highlighted in the left figure. The pattern for the pixels with positive HSI anomaly (right figure), however, showed increase in frequency for May and June, suggesting an earlier potential habitat formation under RCP8.5. 


Results & Discussion: Spatial distribution of favorable SST

Optimal SST showed highest
areal reduction under the
highest warming scenario
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When we try to examine the spatial distribution of SST as it relates to the squid favorable habitat corresponding to the pink-shaded region, we will further see that the changes in the patterns closely mirror that of the predicted squid habitat as shown in these maps.  The optimal SST habitat for squid showed pronounced areal reduction under the highest warming scenario.
  


Summary & Conclusion

70°

Ocean warming scenario

60"

Projected impacts Economic relevance

Northward retreat Changes in pelagic Changes in fishing
and decrease in food web structure grounds, with higher
extent of potential (squids’ mid-trophic fuel requirements;
40° squid habitat position) higher fishing cost
30° Proposed potential physical and biological mechanism
____________ Fo—mm——— e o e e e T
| Stratified E i Drop in primary | . - Unfavorable !
20° :___c_o_n_diticirls___: i_ production I .l‘gr_aigl_n_g_c_oPletlo_n_s |
M S————"
10° : Shoaling of the : Limited nutrient :
| sessonal Mo 1P supply
00

1200 140" 160" 180" 160" 140"  120°


Presenter
Presentation Notes
In summary, this figure provides a quick look of the projected impacts, ecological implications and economic relevance of warm ocean scenario to squid potential habitat. Following the results of this work, warm ocean caused the northward retreat and decrease in extent of potential squid habitat, which could potentially lead to changes in food web structure and changes in fishing grounds. The proposed physical and biological mechanism could be that warm oceans will have enhanced stratification, characterized by shoaling of the seasonal MLD, leading to limited nutrient supply and subsequent drop in primary production. Hence, creating unfavorable feeding conditions for squids and other pelagic species.



Thank you for your kind attention
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