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Issue: Climate change and HABs

For the north-central California region, climate
change is predicted to bring:

e |[ncrease in coastal upwelling
* |ncrease in nutrients in surface waters

e Warmer, more stratified waters

(More nutrients) +

(Warm surface waters) +

(Retention from upwelling jet)

= Increase in phytoplankton blooms (and HABs)

Fig. 3.9 (Largier et al. 2010)

Largier et al. 2010. Climate Change Impacts: Gulf of the Farallones
“ . and Cordell Bank National Marine Sanctuaries.
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Climate change is predicted to bring an increase in the frequency and impact of harmful algal blooms.
In the north-central California region, a joint working group of the Gulf of the Farallones and Cordell Bank National Marine Sanctuaries’ advisory councils was formed to document what we could expect to see in the ocean with climate change. 
For our region, climate change is predicted to bring an increase in coastal upwelling, as well as an increase in nutrients in surface waters. 
Warmer, more stratified waters are also predicted in certain areas within our region, as upwelling jets interact with the coastal and concentrate and retain waters in nearshore areas.
This is a figure from the report showing SST during upwelling events. You can see the upwelling jet bringing cold waters to the nearshore areas north of Point Reyes.
The jet separates from the coast here at Point Reyes, causing upwelled waters to be recirculated in this nearshore area south of Point Reyes.
This is where nutrients are retained and phytoplankton blooms occur.
So with more nutrients, warmer surface waters, and retention of waters from an upwelling jet, there is an expected increase in phytoplankton blooms, including harmful algal blooms.
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Research takes ecosystem approach

e Birds/mammals (standardized strip and line transects)
e Zooplankton/fish (hydroacoustics and nets)

e (QOceanography (CTD, bottles, OA, nutrients and continuous CT)
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ACCESS
study area

3-4 cruises a year
(spring/summer and fall)

Phytoplankton collections
(2010-15):

e 8transect lines

* Nearshore and offshore stations
v' CTD (water properties)
v’ Nutrients
v Water color & clarity

v’ Zooplankton
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This is a map of our study area. 
Our work takes place off the coast of central California. (point out San Francisco Bay, Point Reyes Headlands, Sanctuaries, Farallon Islands, California MPAs, shipping lanes)
**We conduct 3-4 at-sea surveys a year.
The red lines show where our transect lines are—these are east-west lines which cover the continental shelf, as well as beyond the shelf break on the western end.
There is actually one more transect line to the north that was added in recent years (but is not shown on this map).
On some lines, we have stations where we stop to do CTD casts and collect zooplankton samples.
In 2010, we began collecting phytoplankton samples from
**various nearshore and offshore stations.
We currently have data from 8 different transect lines, and most phytoplankton samples have corresponding information on water properties (as collected by the CTD), nutrients (nitrites and nitrates, phosphates, and silicon), water color and clarity, as well as zooplankton occurring in the top 50m of the water column.


Phytoplankton data —
CDPH Biotoxin Monitoring Program

Relative Abundance Index (RAI) — qualitative measure of
abundance

RAl = (a*b)/c

a = estimate of cell mass as determined by settled cell volume

b = percent composition of species

c = sampling effort as determined by the total tow length
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Phytoplankton samples were analyzed by the California Department of Public Health’s Biotoxin Monitoring Program.
Phytoplankton species in each sample is given a relative abundance index (or RAI). This is a qualitative measure of abundance, and it is based off of …


Climate/ocean indices (2004-15
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In addition to the phytoplankton and the related station data collected, we have also been tracking various basin-scale climate indices since the start of the ACCESS program in 2004. These include the Southern Oscillation Index, the Pacific Decal Oscillation, and the North Pacific Gyre Oscillation.
We have also included a monthly upwelling index from the Pacific Fisheries Environmental Laboratory to provide a perspective of the upwelling conditions in our region. We use the average of the monthly indices for latitudes 36 and 39 (since our study area falls between these two latitudes). 
** And for the years that overlap with the phytoplankton collections, there are certainly various ocean/climate conditions present, including very cold, productive ocean conditions in the first 3 years, then a transition period, followed by the infamous “blob” in the latter part of this time series (characterized by very warm, unproductive ocean conditions).


Results - Frequency of occurrence
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| | % frequency of occurrence
# samples Pn (all spp) Pn delicatissima Pn seriata Pn spp
2010 May 12 100.0 50.0 91.7 0.0
Jul | 14 | 85.7 50.0 78.6 0.0
Sep | 16 | 81.3 0.0 81.3 0.0
2010 total 42 88.1 31.0 83.3 0.0
2011 May 2 100.0 50.0 100.0 0.0
Jul | 8 | 100.0 25.0 100.0 0.0
Sep | 5 | 80.0 0.0 80.0 0.0
2011 total 15 93.3 20.0 93.3 0.0
2012 Jun 10 0.0 0.0 0.0 0.0
Jul | 10
Sep | 10
2012 total 30
2013 May 10
Sep | 9
2013 total 19
2014 Jun 4
Jul | 6
Sep | 15
2014 total 25
2015 Jun 3 . . . .
Jul | 11 | 63.6 0.0 455 0.0
Sep | 9 | 100.0 33.3 100.0 0.0
2015 total 23 82.6 13.0 73.9 0.0
Total 201045) | 154 156 26
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This table summarizes the frequency of occurrence of Pseudo-nitzschia over the 6 years of data collection.
We have 154 samples collected and analyzed over this period.
There were three Pn species groups identified in our samples: Pn delicatissima complex, Pn seriata complex, and an unidentified Pn category. 
Just a reminder: Pn seriata complex includes species responsible for producing domoic acid, while Pn delicatissima complex species are not shown to be toxin producers.
The Pn (all spp) shows the frequency of occurrence of all Pn species, and the last three columns show the frequency of occurrence of the three species identified.
Things to focus on here: 
**1) Pn was present in most samples in most years (~70% over the 6 years).
**2) ALL Pn species were absent in samples collected in 2012. 
**3) Pn seriata was the most commonly found Pn species.


Results — Temporal trends
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Changes in the average relative abundance index for the two species over time
Figures are in different scales (reminder: seriata was found more frequently than delicatissima)
Increase in seriata in the latter, warmer years of the time series.
Opposite is true for delicatissima – higher abundances in the early, colder years, and lower abundances in the later years.
For either species, there is no one month that clearly shows Pn dominating these samples. (Seriata: Sep in 2013, June in 2015. Delicatissima: July in 2010, May in 2011.)


Results — Spatial distribution
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This is showing spatial distribution of the maximum relative abundances of these two species complexes.
Reminder: different scales for each species.
Higher abundances of delicatissima were found where the upwelling jet 
Pn seriata appears in higher abundances in the nearshore area of line 2, as well as offshore and nearshore areas of line 4. 



Results — Stepwise regression (Pn seriata)

Pn seriata Pn seriata — significant results
e Temperature e Temperature (-)
* Salinity * NO,+NO,(-)
* NO;+NO,
. PO,
e Si
 SOI
 PDO
* NPGO
o Ul
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Using log-transformed relative abundance values for Pn seriata and the various ocean and climate data available, we ran a backward stepwise regression analysis to find what environmental variables best explain the variation in seriata abundance.
**The significant results showed temperature, as well as nitrates and nitrites, are the most important variables in the model.
Both of these variables were negative, meaning seriata species were more abundant in low temperature, low nutrient conditions.


Results — Stepwise regression with lags
(Pn seriata)

Pn seriata Pn seriata — significant results

e Temperature ° Temperature (')

e Salinit
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For the seriata species complex, we did another backward stepwise regression including lagged climate/ocean indices.
For SOI, PDO, NPGO, and UI, we included the current month’s value, the month before, and two months before.
**The significant results showed negative relationships with temperature and nitrates/nitrites (just as before).
Additionally, there were significant results with SOI, PDO, NPGO, and UI of the current month.
All the current month results make a little more sense with this test, as these all suggest seriata abundance is higher during warm water, weak upwelling periods.
Also, the SOI two months before and the NPGO one month before are significant, and this suggests that cold, productive ocean conditions 1-2 months before has a relationship to seriata abundance.


Summary

Pn seriata and Pn delicatissima (2010-15)

Pn seriata Pn delicatissima

Absent in 2012 Absent in 2012
Increased in warmer years Declined through time
Nearshore & southern stations, Along upwelling jet

more widely distributed

Low temperature & low
nitrates/nitrites

Importance of cold, productive
conditions prior to warm, low-
productivity conditions

Pn seriata may become more frequent in the future?
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In conclusion, we found….

If the increased upwelling we are expecting with climate change is followed by warm, stratified waters in the fall months, then it’s possible that we could see an increase in the frequency of Pn seriata complex species in the future.


Thank you!
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