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Presenter
Presentation Notes
HI EveryoneWelcome to the 3rd Webinar in the Series.  Today we’ll be talking about the Surface Geology Components.
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Presenter
Presentation Notes
We’ll start by talking about the Surface Geology – more in depth than we did last week.  We’ll discuss the various substrates, their values, and some of the controversies with this component.We’ll take a break for questions and then discuss the geoform component.  There I’ll take a little time to talk about the relationships between CMECS and the Greene et all classification because I’m sure that many of you are quite familiar with it.Mark Finkbeiner will present an example of mapping the geoform component that was completed for us by The Nature Conservancy’s Gulf of Mexico program in their Texas Field Office.We’ll pause for questions and then see if there is time to talk more in depth about modifiers.  If there is more interest in discussion, we can put the modifiers conversation off ‘til next time.  



Surface Geology Component (SGC)
Describes the geological composition and environment of 

the upper layer of the hard substrate 
the  upper 15 cm of soft substrate 
structural (n0n‐living) aspects of biogenic substrates such as 
coral reefs.

Presenter
Presentation Notes
As we’ve discussed last week, the Substrate provides context and setting for many aquatic processes, and provides living space for benthic fauna. The Surface Geology Component (SGC) is a first-order characterization of the fine-scale geology of the surface layers of the substrate, designed to be compatible with a range of observational tools. This is one of of three ways that we characterize the bottom.  This component is intimately related to the Benthic biotic component as we talked about last week, as well as the Geoform component that we’ll hit on this week.
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Presenter
Presentation Notes
This is a review for anyone that wasn’t here last week.  The SGC is Hierarchical Classification with Three levels – Class, Subclass and Group – It relies on modifiers for finer classification below the group level and to deal with issues like sediment mixes and muds



SGC Classes
Faunal Reef Substrate

biogenic reef substrate formed by mollusks, 
polychaetes, or any fauna other than corals. 

Coral Reef  Substrate 
biogenic reef substrate formed by Corals

Rock Substrate 
>50% or greater cover of bedrock or 
pavement.

Unconsolidated Substrate
<50% cover of bedrock or pavement. 
Particles occurring at any range of size and 
composition.

5

Presenter
Presentation Notes
Four SGC Classes – Determined by the percent cover or dominance of the geologic or biogenic (but no longer living) upper layer of the substrate.  They include the faunal and coral reefs, the rock (or hard substrates) and the unconsolidated substrates.  SGC Subclasses and groups are determined by the composition and particle size of the substrate or for reefs by dominant biota  and then geomorphology



Class Faunal Reef Substrate
Subclass: Mollusk Reef  – Consolidated 
structures built by mollusks, usually 
bivalves (e.g., oysters, mussels) or 
gastropods (e.g., vermetids)

Group: Fringing Reef
Group: Patch Reef
Group: Washed Shell

Subclass: Worm Reef – Relatively stable 
ridge‐like or mound‐like aggregations 
formed by the colonization and growth of 
worm species (e.g., sabellariids).

Group: Fringing Reef
Group: Patch Reef
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Presenter
Presentation Notes
The SGC subclasses for the Faunal Reef Substrate are based on the whether the reef builders are mollusks or worms and the groups reflect reef geomorphology Structures or substrate composed of non-living biogenic material go in SGC (As we discussed last week, for reefs, the critters themselves are handled in in BBC,)



Coral Reef Substrate
Subclasses: 
Reef Lagoon
Back Reef
Reef Flat
Reef Crest
Forereef
Deep Forereef
Pinnacle Reef
Mesophotic Reef
Deep Cold‐Water Reef
Outlier Reef

7

Group=Reef Morphologies 
Spur and Groove Reef
Patch Reef
Aggregate Patch Reef 
Linear Reef
Aggregate Reef 
Live Hardbottom
Live Hardbottom w’ Sand Channels

Presenter
Presentation Notes
Coral Reef subclasses are based on the classical coral reef zonation  - large scale geomorphological characters- borrowed from the NOAA corals classification.  Doesn’t require live organisms to be present – focusing on the structures themselves.Below subclass, the groups are described by smaller scale coral reef geomorphology.  These nest for mapping nicely – a polygon for a given reef morphology will always be contained within a polygon of a given subclass.That said, there is a very good chance that these structures will be moved into the GFC and that the Class that will remain in the SFC will be something like “Biogenic Substrate”   We’ll likely be moving the faunal reefs as well since they really reflect geomorphology – although we will continue to look at them as  a substrate as well.  This decision hasn’t been made, but is being seriously considered and worked on as we speak.



Rock Substrate
Subclass: Bedrock ‐ Substrate 
with bedrock covering 50% or 
more of the surface.
Subclass: Pavement– Substrate 
has less than 50% aerial cover of 
bedrock, but pavement or flag 
alone or in combination with 
bedrock covers 50% or more of 
the area. Sand channels may or 
may not be present.
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Presenter
Presentation Notes
Rock substrate has two subclasses – areas with greater than 50% bedrock are considered Bedrock.If the bedrock is covered with >50% pavement then we call it pavementBy Pavement I mean:consolidated, generally flat and unbroken hard bottom substrate formed by deposition and consolidation of material and overlying a deeper bedrock substrate 



Unconsolidated Substrate
Benthic substrates with less than 
50% cover of bedrock or 
consolidated pavement.
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Presenter
Presentation Notes
This class, along with modifiers, provides terminology to describe any mix of loose substrate occurring at any range of sizes and compositions  from glacial boulder outcroppings to sand beaches.  The subclasses and groups are currently defined by particle size, though several of the comments in the FGDC revisions process have requested that we include additional sediment profile information.  Watch this space.  



Unconsolidated Substrate Subclasses

Coarse Unconsolidated Substrate ‐
90% or more of the particles are 2 mm 
in diameter or larger, by volume. 
(Groups: Shells/Corals and Fragments)

Fine Unconsolidated Substrate –
less than 90% of the particles are 2 mm 
in diameter or larger, by volume. 
(Groups: Sand, Silt, Clay , Coarse 
Mixes, Fine Mixes,)
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Presenter
Presentation Notes
Coarse Unconsolidated include any areas where 90% or more of the fragments or corals or shells  are larger than sand.Fine unconsolidated substrate includes areas where particles the size of  sand or smaller make up at least 10% of the substrate.



Coarse Unconsolidated Substrate Groups

Shells/Corals – Surface layer in which 
over 90% of the total volume consists 
of particles larger than 2 mm, with 
50% or more of these coarse particles 
(by volume) composed of shells or 
coral fragments. 

Fragments– Surface layer in which 
over 90% of the total volume consists 
of particles larger than 2 mm, with 
50% or more of these coarse particles 
(by volume) composed of rock 
fragments.  (Modifiers: 
Pebble, Cobble, Stone, Boulder)
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Presenter
Presentation Notes
For the Coarse Unconsolidated substrates, we call it shells/corals if more than half of the coarse particles are composed of shells or coral fragments.We call it “Fragments” if more than half of the coarse particles are rock fragments.  We sort out the coarse fragment sizes (pebbles, cobbles, boulders, etc) as modifiers.  



Fine Unconsolidated Substrate Groups

Sand– Sediments composed of, in the fine particle fraction (< 2 mm), at least 
75% sand‐sized particles by weight. (modifiers: Very fine sand, Fine sand, 
Medium sand Coarse sand, Very coarse sand) 

Silt– Sediments that have, in the fine particle fraction (< 2 mm), less than 20% 
(by weight) sand sized particles and less than 35% (by weight) clay sized 
particles. 

Clay– Sediments that have, in the fine particle fraction (< 2 mm), 35% or more 
(by weight) clay sized particles. 

Coarse Mixes– Sediments composed of, in the fine particle fraction (< 2 mm), 
between 50 and 75% (by weight) coarser particles (0.05 to 2 mm) with < 35% 
clay (by weight). 

Fine Mixes – Sediments composed of, in the fine particle fraction (< 2 mm), 
between 50 and 75% (by weight) of mud‐sized particles (< 0.05 mm) with < 
35% clay (by weight).  
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Presenter
Presentation Notes
Fine unconsolidated substrate groups are a modification of the FGDC soils classification which we adapted slightly to work well with the Shepard classification for silt/clay mixes.   They are separated out by the relative percent by weight of sand and clay sized particles.We’ve suggested  the term “Mixes (both fine and coarse) in lieu of the term “loams” to provide greater consistency with marine geologic tradition.  These definitions do well with folks who work with subaqueous soils in estuaries and wetlands.  but we’ve found they don’t make the marine geologists very happy because it doesn’t make sense to think about marine sediments as soils.Don’t feel bad though, they don’t make the wetland ecologists who are using Cowardin and not using grain analyzers happy either.  They’d like a term for mud, so they don’t have to differentiate silt from clay, and a less technical term for “sand” that can be assessed with ocular or tactile methods.



Particle Size Challenges
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Presenter
Presentation Notes
Three different classification approaches – USDS soils standard – NWI Standard (Cowardin) and Wentworth for Marine sediments.  Shepard classification isn’t in this illustration, but it could have been.Sampling techniques and objectives really differ when it comes to talking about and assessing particle size.  The rub is three-fold.  For sand/silt/clay/mud confusion, the first issue is that they differ in the cutoff values for sand and silt.  While microns worth of difference may not seem that big of a deal with lay users, there are reams of data and analyses since the early 1900’s that make it a big deal to many.Second, if you don’t use a grain size analyzer – like most of the NWI Cowardin  and more casual users,  then you can’t differentiate Clay from silt, but you still need a place for your mud, sandy mud, and muddy sand which they collect in the field and from images using a wide variety of tools. We proposed an approach in the document to try to provide for the mud and ocular or tactile estimates of sand – but it wasn’t workable hierarchicall.  We’re still working on a clever way to work mud in.  It may be through modifiers, or by adding a somewhat inelegant additional group called “mud – undifferentiated silt/clay.”  And perhaps a identifying two values for sand  - a stict sense sand – meaning you measured it and a “broad sense” sand meaning you eyeballed it.  Third, there is a nomenclatural and definitional issue between  gravel and pebbles and stones and boulders among the three. 



Where We Stand on Particle Sizes
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Clay < 0.002 mm > 9 phi
Silt 0.05 to 0.002 mm 4.3 to 9 phi

Mud < 0.05 mm < 4.3 phi

Sand 0.05 to 2 mm 4.3 to ‐1 phi

(very fine sand) 0.05 to 0.10 mm 4.3 to 3.3 phi

(fine sand) 0.10 to 0.25 mm 3.3 to 2 phi

(medium sand) 0.25 to 0.5 mm 2 to 1 phi

(coarse sand) 0.5 to 1 mm 1 to 0 phi

(very coarse sand) 1 to 2 mm 0 to ‐1 phi

Pebble 2 to 76 mm ‐1 to ‐6.2 phi

Cobble 76 to 250 mm ‐6.2 to ‐8 phi

Stone 250 to 600 mm ‐6 to ‐9.2 phi

Boulder > 600 mm <‐9.2 phi

Presenter
Presentation Notes
Went with the FGDC Soils Standard values – adapting them slightly to fit the NWI standard and shephard.  But based on the comments that came in through the review process, these values are all back on the table.



SGC Revisions Issues
Reconsider using the Wentworth Scale for sediments
Find a better solution for mud, muddy sand, sandy mud 
and sand that are based on ocular or tactile assessments.
Consider moving the reefs to the GFC  (or consolidating 
the SGC and GFC)

15



Questions?
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Geoform Component (GFC)
Describes the major geomorphic or structural characteristics of the coast 
and seafloor at various scales
Initial list of Geoforms derived from Greene et al. 2007  with modifications
Three  subcomponents:

Coastal Region – Ecological regions based on Spalding
Physiographic Setting – major components of seafloor geomorphology 
along the continuum from the spreading center to the coast. (e.g., 
fracture zone, abyssal plain, continental rise, continental shelf).
Geoform ‐ seafloor structures that range 
in  size from 100’s of kilometers to less than 
a meter (e.g., delta, embayment, channel).

Anthropogenic (berm, harbor, artificial reef).
Coastal
Marine

Presenter
Presentation Notes
Geoform describes the structures of the seafloorWe started with Gary Greene et al’s classification – most of the geoforms are the same – added some.  A little later I’ll take some time to compare the Greene et al classification to CMECS	Three subcomponents – not hierarchical    -- each can be mapped on it’s own – OR individual units can be important data attributes for other units in other components.  They are important units on their own as well as useful data organizers. 	first is ecoregional classification – although this one’s being discussed and isn’t in the unit catalog at the moment	second is the phyisographic setting – macro descriptors of the seafloor	Third is geoform – structures – including a list of anthropogenic structuresThis is the first component that we’ve seen that isn’t hierarchical.  We didn’t make them hierarchical because we didn’t want to proliferate a bunch of structures that are different only because of where they sit on the seafloor.



Coastal Region and Ecoregions
Coastal Regions (USGS revision 
of Fenneman and Johnson 
1946) provide coastal context 
for Geoforms

Based on coastal physiography 
and geography  

Ecoregions (Spalding et al, 
2007) are provided as modifiers

Based on climate, physiography 
and biology
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Northern California
Southern California Bight

Klamouth Mountains
California Coast Ranges
Los Angeles Ranges
Lower California

Presenter
Presentation Notes
Many global and regional classifications take an ecoregional or biogeographic approach to classification at the broadest levels.  These are particularly useful for putting landscapes and seascapes into a global biogeographic context.   A few have even attempted to do this at local levels.    There’s been a lot of debate about how to organize CMECS into one of these frameworks.  Currently in the CMECS document, a Coastal Region subcomponent is proposed to help put the Geoforms in their coastal context.  There we proposed the USGS Revision of Fenneman and Johnson classification that are based on costal physiography.  This subcomponent provides a way to present the structural aspects of the physical environment that are relevant to, and drivers of biological community distribution.  The downside of this classification is that it was derived from terrestrial landform information, so while it captures terrestrial, coastal systems, they weren’t necessarily thinking (that I know of ) about what was going on below the surface.Also in CMECS – we’ve provided the Spalding ecoregional classification as a modifier.  This is an effort to characterize marine ecoregions based on a number of characteristics of the marine environments.   We had hoped to include the CEC marine ecoregional classification, but it wasn’t completed when we last visited this issue.  It is complete now and we’ll be taking a look at it for possible inclusion.   We’ve not yet done a rigorous comparison among these three potential regional characterizations.These two approaches – coastal regions and ecoregional modifiers show perhaps our own confusion about this issue.  This is an area where we need to get clearer.   Perhaps a biogeographic component would be the best way to allow for a broad scale characterization of marine regions  and allowing for nesting of the marine components - stay tuned.



Physiographic Setting
Describes the broad 
geomorphology of the seafloor 
from the mid‐ocean spreading 
center to the coast

Most the result of tectonic 
processes
Provide context for other units in 
GFC as well as other components
Very similar in scale and content 
to Greene et al. Megahabitats
Mappable at scales of 1:1,000,000 
using bathymetry or remote 
sensing data.
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Spreading Center

Presenter
Presentation Notes
The Physiographic setting describes the broad geomorphology of the seafloor from the mid-ocean spreading center to the coast.  It iis not hierarchically placed above geoforms, but it can be important for context setting for other units in other components. Each setting will normally contain a wide variety of generally smaller geoform features.   You can see here that we’d describe the guyot as occurring on the abyssal plain – Likewise the submarine canyon is within the Contintental Slope physiographic settingThe physiographic settings are similar to Greene et al Megahabitats – we’ll do a comparison of the two classifications in a bit – but are expected to be mapped at scales of 1:1,000,000 or so using bathymetric maps or remote sensing data. 
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Presenter
Presentation Notes
Here’s the list of current Physiographic Settings. As I said before, we didn’t make the subcomponents of the GFC hierarchical because we didn’t want to proliferate a bunch of structures that are different only because of where they sit on the seafloor.  So for example, we didn’t find it useful to define 13 different kinds of sand channels based on their location on the seafloor.  Wish these weren’t alphabetical so you could see their ordering from the spreading center to the coast -  we’ll have to take care of that in the next version.



Geoform
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• Coastal and seafloor structures that range 
in size from hundreds of kilometers 
(bays,sounds & bights) to meters (tidepools)

•Provide structure, channel energy flows, 
regulate bioentergetics, control transfer rates 
of entergy, material and organism

•Vertical structure and surface roughness is 
generally greater than one meter – otherwise 
SGC.

•Current version separates them into coastal 
and marine types for ease of maintaining the 
list.

Presenter
Presentation Notes
Geofroms are coastal and seafloor structures. The morphology of these features controls such processes as water exchange rates  and water turnover times, hydrologic and energy cycling, shelter and exposure to energy inputs and migration and spawning patterns Vary in size from the very large – sounds and bights, seamounts, and islands, to medium size – like a scarp or shoal, to very small or localized like a tidepool or a vent.  Some individual geoform units can vary widely in size like a channel -- some of which are vast, some of which are the size of a tidal creek.  If the structures are greater than one meter in stature, then they are handled in geoform, if they are less than one meter they are not considered “structures” and the are described in the SGC – but watch this space.  Our review team is working on combining or clarifying this right now. 
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Presenter
Presentation Notes
So here I’ve provided the entire list of geoforms, which includes coastal, marine and anthropogenic geoforms as one list in the database.  We will be able to sort them out with advanced searches as the database is further developed. 



Anthropogenic Geoforms
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•Artificial Structures are a significant part of the 
environment – for good or for bad

•Provide habitat and shelter
• Destroy or alter habitat and disrupt 
ecological processes

•Anthropogenic Geoform list includes the 
continually or intermittently submerged portions of 
these features.

•Size varies greatly and are applied at scales 
appropriate to their size. 

Presenter
Presentation Notes
Artificial structures are a significant part of the environment in many areas. The continually or intermittently submerged portions of features such as piers, berms, drilling rigs, and artificial reefs are included in the Geoform list and tagged in the description as being Anthropogenic.  They can be good things – like artificial reefs that  provide attachment surfaces for plants and sessile animals and attract vagile fauna. They can also provide shelter from predators and from prevailing current, and can support niche communities that increase overall biodiversity. Or they can have negative impacts on  the environment that alter natural hydrodynamic patterns, interfere with animal movement, and increase contaminant loading into nearshore areas. Since these features vary greatly in size, the types in this category can be applied at any scale. 
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Anthropogenic Geoforms

Presenter
Presentation Notes
Here is the starter list of anthropogenic geoforms.  We are aware that this list needs to grow and expect that we’ll add to it considerably.  We’d be interested in getting suggestions on things we should add.



Relationship between CMECS and Greene et al. 2007
Objectives are different

Greene et al., was developed as a mapping classification scheme – as a way of integrating and mapping 
seafloor characteristics to infer potential habitats.  Prescribes map scales.

CMECS developed as an ecological classification and nomenclature with applications beyond mapping 
habitats.   Not strictly a mapping classification, so map scales are user defined.

Megahabitat (1st character) is similar to CMECS Physiographic Setting
mappable at the same scales
units vary somewhat 
Like Greene et al., reported for all units as context, but not hierarchical.  

Induration (2nd character) relatable to SGC Classes

Meso/Macrohabitat (3rd character) are akin to CMECS Geoforms
Started with the Greene et al list and added to it – grouping some of the nearly synonymous terms

Modifiers (4th character) are distributed among the CMECS BBC and SGC ‐ where hierarchical 
classifications account for refinement of conceptual scales.  

Seafloor slope (5th character) and Seafloor Rugosity (6th character) are CMECS modifiers.

Observed large scale (directly sensed) geological and biological seafloor features are distributed 
among GFC geoforms, and lower levels or modifiers of the SGC, and BBC.
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Presenter
Presentation Notes
So now that we’ve discussed all the relevant components of CMECS, I want to touch briefly on the relationship between CMECS and the Greene et al classificationGreene et al classification puts together the relevant characteristics of the seafloor to infer habitat.  That classification is by definition a mapping classification.  As such, Greene’s units are all tied to a particular map scale.  The Greene classification was actually part of the inspiration for separating out the various components and subcomponents for CMECS.  That classification is not constrained by a hierarchy.  Instead, habitats units are “built” by combining traits for 7 different characters from broad to fine scales.  CMECS pulls these units apart even further to allow independent identification of the characters for multiple purposes – not just mapping – CMECS handles a number of the characteristics in Greene in different components.  Although CMECS recognizes units at multiple scales, for example, separating out the Physiographic Settings from the Geoforms and recognizing the geoforms come in lots of shapes and sizes – CMECS doesn’t currently make recommendations for map scales for the units – leaves that decision up to the user and their sensors.  Mostly because not all applications of all CMECS components are maps.  Physiographic setting and Megahabitats are mapped at similar scales. The units vary somewhat between the Megahabitat and Physiographic setting - CMECS approach to describe the macro seafloor shape along the continuum from the spreading center to the coast.  The Megahabitats are not limited to those units and include all forms that are reasonably mapped at a scale of 1:1,000,000Meso and Macrohabitats are very close to the CMECS geoforms – they were the starting point for the geoform list – a few of the macrohabitats and several of the fine scale geological modifiers also slip into this level because we don’t constrain them by scale per se.The rest of the characters 2, 4-6 are handled in the different components of CMECS as appropriate.   A while back we did a cross check to ensure that most of the significant Greene types are in here.  I haven’t revisited that since some of the adjustments were made in CMECS 3.1 – but one of our goals is to make sure that the crosswalk is workable.  Central to the Greene scheme is a prescription for coding the inferred habitat units.  CMECS hasn’t gotten to that point yet, and doesn’t prescribe a coding scheme just yet.  There are some codes associated with the units to show where they fit in their hieararchies, but we haven’t talked enough yet about how to combine them into anything like the Greene coding scheme.I know that the Greene scheme and the integration of the various units to infer habitat is going to be a very important model for reassembling the CMECS components.  



Piloting the GFC in the Gulf of Mexico

“Bottom Up” pilot
Both point and grid 
source data
Quantitative methods
Seabed form as proxy 
for habitat
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Presenter
Presentation Notes
So now Mark Finkbeiner is going to talk about an example of implementing the GFC in the Gulf of Mexico that was completed by The Nature Conservancy



Bathymetry
NOAA Coastal Relief 
Model
Interpolated to ESRI grid
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Presenter
Presentation Notes
Developed from original NOAA bathymetric soundings.  3-arc second grid 86m cell size.



Sediment Data

USSeabed database
Grab samples
Variable density
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Presenter
Presentation Notes
Detailed sediment grain size analysis



Interpolation to grid
Voronoi polygons
Kriging to a raster
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Data Integration



Data Integration
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Interpolation to grid
Voronoi polygons
Kriging to a raster



BPI/BTM Analysis
Bathymetric Position Index – Broad and Fine Scale
Standardized to mean = 0 and standard deviation =1
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Rugosity – Surface Area vs. Planimetric Area
Standard deviation values

Presenter
Presentation Notes
BPI examines cell value based on it’s value in comparison with the mean of it’s neighbors.  This concept was originally presented in the work of Weiss, 2001)Zero indicates flat or areas in the middle of slopesPositive values indicate the tops of ridges or upper edges of slopesNegative values indicate troughs or the lower edges of slopesVery scale dependent.Typically a broad and a fine scale analysis is done.  The size of the analysis kernal should be driven by knowledge of local bathymetry.  Here broad scale was 8, 649 (100 cells) with fine scale being 346m (4 cells).



Habitat Proxies
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Slope Rugosity



Cross‐Walk to CMECS
Successes

8 GFC units translated 
reasonably

Challenges
Units with context (mid-slope 
crest) did not translate
Sediment data density still a 
challenge
Rugosity modifer units may need 
more fine scale increments

33



Questions?

34



Modifiers
A consistent set of variables used to further describe a 
standard unit and allow users customize their 
application of the classification in a standardized way
Examples: 

Energy Level
Percent Cover
Slope
Rugosity

Presenter
Presentation Notes
Earlier I noted the flexibility of the classification –We achieve this by providing a standard list of modifiers and allowing for user defined modifiers as wellThe need for modifiers was identified as we tried to develop the classification and found that there are many variables that are critically important for classifying certain types in certain regions or for certain purposes that are irrelevant to other regions or studies.A prime example of this is Energy Level – This may be one of the most important classifiers of pacific coastal system, but it’s meaningless in the Gulf of Mexico – where everything is low energy (except during hurricanes!).  So we created a modifier for energy level that can be applied in the relevant components for use for individual studies.  Separating units out at any level of the hierarchy with modifiers provides a flexible way for users to parse the standard variables and still be able to re-aggregate them to report to the standard and allow roll up of the data.
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Presentation Notes
Grouped the modifiers into eight different types including biogeographic, biological physical, chemical and so on.For each modifier we provide definitions, thresholds for the categories, and suggestions for the relevant components that they were intended for – but this shouldn’t let these guidelines stopping you from using them wherever they are appropriate for your study.These are the standard lists of modifiers that we’ve come up with.  It’s perfectly fine to add your own modifiers to any unit in any component or level of the classification, as long as you can roll them up and report to the standard unit. So if you don’t see you’re favorite modifiers here – don’t panic.  If you have one you think we should add, let us know.
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Presentation Notes
Biological modifiers allow you to comment on associated species, biogenic origins, and organism characters.
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Presentation Notes
The geological modifiers include things like rugosity – which may be important to the pilot studies as well as additional information on sediments and subgeoforms (which will likely be included in the geoform component as we develop a more robust list).
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Presentation Notes
Physical modifiers that will be important to you will be the energy modifiers and very likely temperature.
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Presentation Notes
The physical chemical modifiers are vast – many of them have to do with measures of condition or light availability.  There is a major one missing here  - salinity should be on this list.  I just discovered yesterday that it was missing.  How embarrassing.  But we do have a modifier with categories for salinity.  I’ll make sure to talk about that next week when we discuss the water column component.  
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Presentation Notes
Spatial modifiers will also likely be important to your pilot – slope, I’m guessing is one you might want to include and there will likely be others. 
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Presentation Notes
Lots of folks ask us how to deal with temporal dynamics, other than repeated mapping or other visualization of the temporal phenomenon.  The temporal persistence modifier allows the user to indicate the persistence of any dynamic units.  
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