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A true interagency, international collaborative effort!

The Florida I nstitute of Oceanography
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» National Ocean Service
» National Data Buoy Center
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Siwas developed as a value-added

| Jo\\ dfielprioduct for the SEAKEYS network
(Elorida Keys), which was developed by by
JohniO¢ Wames Porter, Ned Smith, Alina

Szmant,

early 1990s.

CREWS monitors data quality, but also
monitors conditions conducive to coral

bleaching and other events of interest to
researchers.

Jaap and Dave Forcucci in the




CREWS'is currently deployed in the Florida Keys
' and the G eat_Barrler Reef, but...
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Florida Keys National Marine Sanctuary

to manage, protect and preserve
the ecologically diverse marine
communities and submerged cultural
resources of the Florida Keys
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...new stations are currently being added
near Lee Stocking Island, Bahamas,
and...




...at St. John, US Virgin Islands Nationa
Park, and...




..at American Samoa.

SOUTH PACIFIC OCEAN

Mational Park
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ff@ ‘ological data types
GFFJJ and/SEAKEYS):

¥

_ometric pressure
eed

Direction
eAir Temperature
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«Photosynthetically Active Radiation (AIMS, SEAKEYS)
«Sea temperature (AIMS, SEAKEYS)
«Salinity (SEAKEYS)

eTide (SEAKEYS)
«Fluorometry (SEAKEYS)
sTransmissometry (SEAKEYS)
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NEYDert’'Systems use Production Rules
o .;f)-&J -
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fthen statements represent knowledge

»Domaintexpents: neuristics encapsulated in
preductienirules

When conditions are met, most important rules are
fired first (concept of “salience”)

Decision tables used for many production rules




ot gua tiveness off CREWS vitally
| yendent upon field team:

ield maintenance

Highiboat maintenance
hstrilments to swap-out for bad ones
iouble-shooting in the field

Personnel are experienced divers and rugged
individuals

Feedback on biological event (e.g., coral
bleaching)




a?zu slieaching Models Using
- CREWS

—

Complex‘pattern matching, which occursin RAM
u§'hgthe Rete Algorithm, isone of the great
strengths of'éxpert systems.

-
CREWS can model specific environmental
conditions (i.e., meteor ological and oceanographic
patterns), for purposes of coral bleaching, asthey
ocCcur




* Very high sea temperature only.
* Very high sea temperature, and very low winds during midday.

* Very high sea temperature, very low winds, and very low tide during
midday.

* Very high sea temperature, high illumination (through PAR) and high
water clarity (through transmissometry) during midday.

* Very high sea temperature, high illumination, high water clarity and

very low tide during midday.

* Very high sea temperature, high illumination, high water clarity, very
low tide and very low winds during midday.

» Very low salinity or very high salinity.

» High or low salinity, high illumination, high water clarity, very low tide
and very low winds during midday.

* Very high or very low salinity, high illumination, high water clarity, very
low tide and very low winds during midday.




;y you match data types
- tr ghout the day?

. L
| f ant to match low wind speeds with high
emperaturesydo you average the whole day’s worth then
match the 80 you average certain periods of a day, then
match t \What if you want to match something that
happens all“morning (say low wind speeds) with something
that happens around noon (say high temperature)? And
what If you want to match a low, low tide to high temperature
at noon and the low wind speeds all morning?

And besides, what Is “low” and doesn’t it matter what time of
year it is, anyway?




Data Grouping in CREWS

Subj ective Data Ranges:

ul unbel i evably | ow aver age

dl drastically | ow sonewhat hi gh

vl very | ow [ hi gh

| o | ow very high

sl sonewhat | ow drastically high
unbel i evabl y hi gh

Subj ective Periods of the Day:
Peri od [ (5 hours) (4 hours)

(Large G oupi ngs)

al

dayl dayl i ght - hours
nite ni ght - hour s
dayb dawn- nor ni ng
aftn af t er noon

(Basi ¢ Peri ods)

m dn m dni ght 0200
pdaw pr e- dawn 0200 - 0500
dawn dawn 0500 - 0700
nor n nor ni ng 0800 - 1100
m dd m d- day 1100 1400
psun pr e- sunset 1400 - 1700
suns sunset 1700 2000
even eveni ng 2000 - 2300

See 3D decision table...




""‘ea en ironmental conditions are met,
alertsare posted to the
\\/(-: ~\\/Jdd W/w did emgailed to coral bleaching
researchers and sanctuary management.

o

SEAKEYS:

NELRE//WWWECBTaloaa.gov/sferpm/seakeys/es

AIMS:
http://www.ceral.noaa.gov/gbr/es
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. WS for the
it Barrier Reef

Veryreliable data output from Hardy, Davies,
cClevelandiBay, Agincourt and Myrmidon Reefs

Good PAR (light), sea temperature, and wind

data, but no Edal information
Data are automatically uploaded to coral
workstation at AOML every day

CREWS effectively parsed data and produced
coral bleaching alerts during February, 1998
and 2000 for Myrmidon Reef







ot gua tiveness off CREWS vitally
| yendent upon field team:

ield maintenance

Highiboat maintenance
hstrilments to swap-out for bad ones
iouble-shooting in the field

Personnel are experienced divers and rugged
individuals

Feedback on biological event (e.g., coral
bleaching)




Solution: Remote Video!

If instruments arevery reliable, field maintenanceisrarely necessary,
and isexpensive when it is. Remote video could tell uswhen corals
begin to bleach.

Obvious problems:

a) Fouling of lens might be a big problem; hence, maintenance might
be necessary anyway.

b) Data transmission is expensive and difficult.

c) Local sportsfans might steal the $15K camer al



’“aﬁaJJr' ta ‘and CREWS

“TDztickiemisatellite'can directly be processed by
3 HJV S, to0) just as for /7 situ instruments

cll SUEEIS, O /17 Situ temperature sensor and
satellitelsensor can be merged for CREWS
processing (Gee next)

CREWS can report on differences in measurements,
and can make recommendations, based on experts’
production rules
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~rvvey Sombrero Key Conch Larval Drift Alert for 08/25/2000 ~~r

Rule: Dawn/morning (6 points)
Winds were approximately easterly at 91 degrees,
during dawn/morning hours on day 08/24/2000.

Rule: Dawn/morning (6 points)
Winds were approximately easterly at 90 degrees,
during dawn/morning hours on day 08/22/2000.

Rule: Afternoon (6 points)
Winds were approximately easterly at 89 degrees,
during dawn/morning hours on day 08/21/2000.

Rule: Afternoon (6 points)
Winds were approximately easterly at 95 degrees,
during dawn/morning hours on day 08/20/2000.

Rule: Dawn/morning (6 points)
Winds were approximately easterly at 85 degrees,
during dawn/morning hours on day 08/19/2000.

NNNNNNNIN

Easterly wind count points: 39
Number of rules triggered: 5




Whatidoes alljthis mean?
» "
-

SXPERRSYSHEMS Galirattomatically do a lot of
KK SKPEIS Can.

CREVWSNsanIsynthesize xnowledge from data.

CREWS canwork with 7 situ instruments, or
satellite instruments, or both.

CREWS can send alerts when prescribed
conditions are met.




" Blansior the future
» -

-

?e BV GREWS for the Bahamas, the US Virgin

slands, PUererRico, and American Samoa
Add newnnstitiments: UV-B, pCO2, nutrients, etc.

Reconﬂgure?or additional event alerts besides coral
bleaching (e.g., fish or invertebrate migrations,
larval survival, harmful algal blooms, etc.)







