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Presenter
Presentation Notes
Deputy director of the Science Division and Director of the Marine Program at NatureServe

Been working on CMECS for the last five years

Background in terrestrial vegetation classification – NVC for first 15 years of my career

Today – I’ll give the second of four webinars on CMECS

Now we get to start the fun part and talk more in depth about the Benthic Biotic Component and a little bit about the SGC..  As scientists we can allow ourselves to luxuriate in the details a little bit… 


~ Outline

Systems, Subsystems & Tidal
Zones

Questions
Benthic Biotic Component
Questions

Surface Geology Component
(in brief)

Relationship Between the BBC
& SGC

Questions & Discussion
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Presentation Notes
Today we get to delve into the weeds a little bit – going over some of the details of the Systems and Subsystem and Tidal Zones and the Benthic Biotic Component.  

Then I’ll tell you just enough about the Surface Geology Component to be able to put the relationship between the BBC and the SGC in context.  We’ll talk in detail about the SGC next week. 

As we did last week, I’ll pause for questions between each of the major topics.




" System and Subsystem

System Subsystem Tidal Zone
Nearshore
Marine Neritic
Oceanic Intertidal
Subtidal
Shallow Water Supratidal
Estuarine > Deep Water
Tidal Riverine

Lacustrine Limnetic
Littoral
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Presentation Notes


At the highest level CMECS splits the seascape into three major Systems based on salinity and degree of enclosure that are then further split into Subsystems based on depth and tidal regime.  

These levels represent an overarching level classification to describe aquatic settings in broad terms. – Almost like it’s own component, but the values can be a shared data attribute of all the others.  




Marine System

All waters from the coastline to the open
ocean

Landward limit: Extreme high water of
spring tides, including the supratidal
splash zone

Estuarine limit: From the mouth of
estuaries seaward

Salinities: typically exceed 30 PSU, often
with little or no dilution except outside
the mouths of estuaries

Includes:

e Shallow coastal indentations or bays
without appreciable freshwater inflow

e (Coasts protected by rocky islands

e Freshwater plumes, seeps, lenses
(identified w’ modifiers%
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Reaches from the landward limit of tidal inundation including the splash zone – which in this case probably extends onto the deck furniture of those Malibu homes. 

From the mouths of the estuaries seaward

Salinities generally greater than 30 PSU – except in the cases of extra-estuarine freshwater inflows like freshwater plumes and seeps and lenses – they are included in Marine system.

Also included are non-estuarine bays and coastal indentations or areas that are protected by rocky islands, but non-estuarine


Marine Subsystems

Nearshore d—l—b MNearitic - Oceanic

Splash
....................... fone

Supratidal

Intertidal

Subtidal

High Water Low Water

Mean Higher Rean Lower ‘

30 m /

e g;;;;f 10010 200m
Llpper =i Opeg’\_/
Nearshore: From the supratidal zone
at the land margin to the 30 meter
(m) depth contour.

Lower Slope

Neritic: from the 30-meter depth
contour to the continental shelf Slope
break, generally between 10om and
200m depth.

Oceanic: from the continental shelf
break to the deep ocean.

Hadal
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Nearshore – goes from the shore to the 30m contour line
Neritic – from the 30 m contour to the shelf break (usually between 100 and 200 meters – but globally can to as deep as 600m)
Oceanic – beyond the shelf to the deep ocean



Estuarine System

Tidally influenced

Surface hydrological connection to
the sea

Diluted by freshwater runoft from the
land

Some degree of enclosure by land

UEstream Limit: Head of tide (point
where mean range <o.2 ft)

Seaward Limit: Imaginary line closing
the mouth of the estuary at the most
seaward geomorphological extent.

Landward limit: Supratidal zone
Salinity: o to >30 PSU

Headgf Tide
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Presentation Notes
The Estuarine System includes 
tidally influenced waters 
that have a surface hydrological connection to the sea, 
are at least occasionally diluted by freshwater runoff from the land, 
and have some degree of enclosure by land. 


The Estuarine System extends upstream to the head of tide, 
and seaward to an imaginary line closing the mouth of the estuary at the most seaward geomorphological extent.

Salinities can range from freshwater at the head of tide to hypersaline in areas or seasons where evaporation is high


e Estuarine Shallow Water

e from the supratidal zone to
the 4 m depth contour

 excluding fresh waters (<o0.5
PSU) designated Tidal
Riverine.

* Estuarine Deep Water
e deeperthan 4 m

 excluding fresh waters (<o.5
PSU) designated Tidal
Riverine.

Deep Water _—>

Shallow Water

e
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We recognize Shallow water zone  of estuarine waters within 4 m
below Mean Low Water (MLW) including the supratidal zone. 

And a deep water zone below 4m

This definition came from the Second Marine and Estuarine Shallow Water Science
and Management Conference (Reilly and Spagnolo, 1999) where they were charged to codify a regulatory definition
of shallow water that was based on science. 

The definition of shallow water was viewed as covering the zone of maximum
interaction between human activities and  critical biological resources.


Estuarine Subsystems cont.

e Estuarine Tidal Riverine Shallow
Water

e from the supratidal zone to the 4 m
depth contour Tidal Riverine

e influenced by astronomical tides Deep Water
e salinity < 0.5 PSU during the period
of average annual low flow Tldal Riverin

e extending upriver to the head of
tide

Shallow Watse

* Estuarine Tidal Riverine Deep
Water

e deeper than 4 m depth contour
 influenced by astronomical tides

e salinity <o.5 PSU dur1rf1§ the period
of average annual low

e extending upriver to the head of
tide
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Presentation Notes
Head of tide and the freshwater tidal riverine subsystems are included to be consistent with the FGDC shoreline classification and to allow inclusion for the entire domain of estuaries.

Expanding the definition to include the head of tide required recognition of two additional Subsystems to address largely freshwater tidal situations.  These “riverine” designations allow us to be consistent with the NWI Riverine System a portion of which is now included in CMECS.

We likewise recognize the 4m depth cutoff to recognize shallow vs. deep situation. 
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~Tidal Zones

MNearshore -
Mean Higher Mean Lower
N T WY 00 High “Water Low WWiater
Subtidal Supratidal r
e substrate continuously submerged Intertidal  T——0
Subtidal
* below Mean Lower Low Water (MLLW) P
30 m
Depth Contour
Shelf

Intertidal
e substrate regularly and periodically exposed and flooded by tides

e from MLLW to the extent of tidal inundation, (i.e., the extreme high water of
spring tides)

e exposed regularly to the air by tidal movement

Supratidal

» areasabove the extreme high water of spring tides that are affected by wave
splash and overwash

e does not include areas affected only by wind-driven spray
Examples
« Marine Nearshore Supratidal

« Estuarine Shallow Water Intertidal
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Three tidal zones
Supratidal – splash zone
Intertidal - from Mean Higher High Water to Mean Lower low water
Subtidal – below the Mean lower low water line – always submered

These three tidal zones apply to estuaries as well as marine systems – though of course some of the subsystems are stictly subtidal by definition – we still use this as data attribute for all types.





~ Biotic Biotic Component (BBC)

* Describes the living biological composition and cover of the
coastal and marine benthos

* Hierarchical: Class, Subclass, Biotic Group, Biotope

* Derived from FGDC Wetland Standard Classes and Subclasses
— with some modifications
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Living biotic cover of the bottom

Hierarchical 

Classes and Subclasses are based on those from the NWI wetlands standard – tho we’ve separated the NWI Classes and Subclasses into two different components.

Living things currently on the substrate go here in the BBC – the substrate under them goes in the SGC – allows us to know what substrate is influencing the biota and to create comprehensive coverages of each of the components.
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BBC Has seven subclasses that are based on the dominant percent cover of the living components of the substrate.

Aquatic Bed and Emergent Wetland Types are based on NWI classification
We’ separated the NWI Reef category into Coral Reef and Faunal Reef to better handle various types of reefs. 
Added the faunal bed to better address non-reef building epifauna and infauna

Corals generally follow the NOAA corals classification




“What'’s the difference?

Aquatic Bed

e Vascular plants, attached macroalgae, microorganisms (and associated
biota), or lichens with >10% cover.

Faunal Bed

* sessile or slow moving epifauna, and/or infauna

e less than 10% cover of another structural biotic class (either Faunal Reef,
Coral Reef, or Aquatic Bed).

e Do not construct identifiable biogenic substrate.
Faunal Reef Biota
e living mollusks, polychaetes, or any non-coral reef-building fauna

 construct identifiable biogenic substrate (ridge, mound or reef
structures)

Coral Reef Biota

 biota closeiy associated with the structures and settings created b
activities of hermatypic (reef-building) corals and/or calcareous algae

e construct a reef (or live on one)
13
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It’s sometimes a little tricky to sort out the differences among these four Classes - 

Faunal beds and Aquatic Beds differ based on the percent cover of plants or animals – If it has greater than 10% cover of vegetation it’s an aquatic bed regardless of the density of fauna.

Faunal beds very sparsely vegetated or bare areas with assemblages of infauna or epifauna - 

Reefs – meaning biogenic structures are distinguished based on whether or not the reef species are corals or not

Faunal Beds differ from faunal reefs in that they don’t construct biogenic substrate
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~Aquatic Bed

-

Rooted Vascular

e dominated by submerged rooted
vascular species such as seagrasses

Macroalgae

e dominated by macroalgae such as kelp
fucoids, drift algae, or other seaweed

Microbial Mat

e Colonies of microscopic organisms that
form a visible film, layer, or mat on the
surface of the substrate

Lichens

e dominated by lichens that form patches
or a visible pattern on the surface of the
substrate

© SCUBAnauts International
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Rooted Vascular – is essentially submerged aquatic vascular vegetation – seagrass beds

Macroalgae include the kelps, fucoids and drift algae

Microbial Mats – slimy things that sit on the surface – spoken like a true terrestrial biologist

Lichens – Splash zone occurrences – it’s a little bit of a strange fit, since we don’t think necessarily of lichens as aquatic beds – but it seemed to rest best here an isn’t important enough to create an entire class for.


© GeoDiver LLC

-

Faunal Bed

e Infauna Faunal Bed with
epifauna cover <10%.

© SCUBAnauts International

* Epifauna Faunal bed
with >10% surface cover
of epifauna
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Infauna – those that live with the majority of their body below the sediment surface – although feeding and breathing appendages come out into the water column  (clams, burrowing polychaetes etc.)
Evidence of infauna may include burrow openings, siphon holes, feeding mounds, exposed feeding or breathing appendages

Epifauna – those species that live with most of their body above the substrate.  Slow moving – can’t move out of their localized area in less than a day. (snails, echinoderms, crustaceans etc.)


We call it an Epifauna bed if it has greater than 10% cover of epifauna, recognizing, of course that there could be an abundant infaunal community underneath the  sediment– This class recognizes the entirety of the biodiversity above and below the substrate.

Infauna we save for those areas that are generally bare on top, but where we see evidence of a significant infaunal community. 


* Mollusk Reef Biota
Consolidated aggregations of
living and non—lgiving mollusks,
usually bivalves or gastropods
(e.g., vermetids) attached to
their conspecifics.

* Worm Reef Biota

Relatively stable ridge-like or
mound-like aggregations of
living and non-living material
formed by colonization and
growth of worm species (e.g.,

Sabellarid Reef).
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Presentation Notes
Mollusk Reef – Living mollusks like oysters and mussels or snails that are living on their conspecifics and creating substrate

Worm reefs – Living worm aggregations that make mounds or ridges – Sabellariids are a good example.


Coral Reef Biota

* Living Stony Corals

 Live stony corals constitute 10% or more of
the living cover.

© SCUBAnauts Internatidnal

Coral Garden on Reef Biota

 predominant cover of non-reef-forming soft
corals occurring on reef structures

e Seagrass cover is less than 10%
e Stony coral cover less than 10%

Mixed Hard and Soft Corals

e approximatel fy equally represented by hard
corals and soft corals

* Calcareous Algal Communities
e dominated by calcareous algae

e Living stony corals constitute less than 10%
cover
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These subclasses separate out the calcareous algae from the hard corals from the predominantly soft corals that occur on reefs, and handles the situations where there are is a mix.  

That definition of mix needs some refinement to make it fit with the other subclasses.



Emergent Wetland

* Coastal Salt Marsh

e dominated by emergent halophytic herbaceous vegetation
along low wave energy intertidal areas and river mouths

B
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This class only has one subclass at the moment in the US, but we’ll have to think about this as we address freshwater tidal vegetation in the tropics


® (Coastal Salt Scrub

e dominated by emergent
halophytic shrubs along low
wave energy intertidal areas
and river mouths.

* Mangrove Shrubland

e tidally-influenced, dense
tropical or subtropical
shrubland with a shore zone
dominated by dwarf shrub
and short true mangroves
and associates
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Currently two types of Shrub dominated wetlands, coastal salt scrub and shrub/dwarf mangroves.  There may be more as we examine freshwater tidal areas that weren’t previously included.

These types are recognized in the NWI classification.  We will be using the National Vegetation Classification as the basis for defining biotic groups and groups.  This one particular area it isn’t possible to rectify the units between the NWI and NVC because the new NVC hiearchy 
they don’t differentiate tall vs shrub mangroves, but NWI does.  We’ll be splitting the NVC types to accommodate the NWI


Forested Wetland

* Mangrove Forest

 Tidally influenced, dense tropical or subtropical forest with
a shore zone dominated by true mangroves and associates
with a height of (generally) 6 m or taller

[ | = i3
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Again – a one Subclass wonder.  The Mangrove Forests.  May add as we take a look at  brackish and freshwater tidal vegetation. – Like this tidal cypress.


Biotic Grou PS: the groups we know, love, and can see

Predictable and repeating taxonomic, morphological,
behavioral, functional or otherwise descriptive
groupings of characteristic biota that occur as
generalized patterns across a wide range

e Macroalgae Subclass: (formal and informal taxonomy)
 Kelp Beds, Rhodolith Beds, Attached crustose algae

Rooted Vascular Subclass: (NVC Groups)
« Temperate Pacific Seagrass , Atlantic Temperate Eelgrass

Living Stony Corals Subclass (morphology)
« Massive Corals, Platy Corals, Fragile Branching Corals

Infauna Subclass (behavior, formal and informal taxonomy)
« Burrowing urchins, Clam bed, Small surface-burrowing fauna
Coastal Salt Marsh Subclass (NVC Groups)

» Temperate Pacific Tidal Salt and Brackish Marsh, N.A. Atlantic Tidal Flat
and Panne 21
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Repeating groupings of characteristic fauna that are recognized by a variety of characters

Many defined by obvious organisms with distinct physiognomy (e.g., oyster reef, seagrass bed) 
Others defined by formal or informal taxonomy (not species level)
Some defined by function, behavior or morphology

For Vegetated Types we are using the NVC Group level - 

Not  necessarily identified quantitatively (the way biotopes are)

Most  are determined using visual methods, including high-resolution plan-view camera images, video camera images, sediment profile images, diver surveys, etc.

BUT – The resolution of the sampling method and the observation scale of sampling have a significant influence on how you identify a biotic group.  A surface imaging video in clear water may allow you to easily identify some evident surface biotic Groups clkearly – like epifauna and evidence of large infauna.  But may not provide resolution to see smaller things like small burrow openings or feeding tubes.

A sediment grab with a smaller observational footprint may be able to identify some of these smaller things, but lack the footprint to capture the types that have more widespread footprints themselves.

Can’t really compare the results from these two types of sampling devices.   Choosing between fine and broad-scale sampling devices will be a matter of deciding what’s most applicable to the objectives of the study.  But you should use caution in trying to compare the results.  



* Mollusk Reef Biota

Group: Mussel Reef
Group: Gastropod Reef
Group: Oyster Reef

* Worm Reef Biota
Group: Sabellarid Reef
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In the case of Faunal Reefs, the Groups are determined by the dominant taxa. – Remenber this one because we’ll come back to it.


®)

- Blotopes

A biotope is a repeatable assemblage consisting of a

physical habitat together with its biological associations.

recurrent
relatively uniform in structure and environment

identified by diagnostic organisms (plants, algae, attached
sessile fauna, unattached non-motile fauna, infauna, and
bacterial colonies), identified at the genus or species level.

ideally quantitatively derived

named by a few diagnostic taxa (dominant or constant)
may be local or widespread

most as of yet undefined

vegetated biotopes follow the NVC Alliance level

23
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Read the list

Borrowed this concept from the Europeans who are well ahead of us on this.

For vegetated types we are using NVC Alliances
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Development of robust statistical biotopes is a little way off – but we are encouraging those with the where-with-all to develop them to start.  These would be great masters and PH.D projects!

The biotopes you’ll see in the document and in the unit catalogue are placeholders based on obvious dominant genera – as a way to get a handle on the types we think we know, but need to quantify.



BBC Revisions Issues

Revisit some of the thresholds between units and
make sure all types are mutually exclusive

Improve guidance on applying CMECS to areas with
multiple dominant life forms - seagrasses over sea
cucumbers.

25
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As I mentioned, CMECS is currently being considered as an FGCD standard and we’ve vetted the document via the public review process.  We’ve had lots of comments come in regarding all aspects of the classification.

The Comments on the BBC fall into these two main areas – what are the ecologically meaningful thresholds between the units and how do we square those with existing FGDC standards?

We need improved guidance on applying CMECS to areas with multiple dominant life forms – seagrasses over sea cucumbers – how to you give appropriate attention to them both – we’ll talk a little bit more about this next week in the context of the SGC, but the methods will be the same.  


Questions?




Surface Geology Component (SGC)

Describes the geological composition and environment of
 the upper layer of the hard substrate
e the upper 15 cm of soft substrate

e structural (non-living) aspects of biogenic substrates such as
coral reefs.
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Now I’m going to review a few of the characteristics of the SGC and talk about how it is used in relation to the BBC, but I’m only going to give you a little tasete.  Next week I’ll talk in more detail about all the levels.  For today I’m mainly going to focus on the Faunal Reef class as an illustration.

We’ll get into the guts of the SGC next week.

The substrate is one of three ways that we characterize the bottom.  Intimately related to the Benthic biotic component, and the Geoform component.

SGC includes the hard substrate
Upper 15 cm of the soft substrate
Non-living aspecs of the biogenic substrate



———
SGC Classes

e Rock Substrate

e >50% or greater cover of bedrock or
pavement.

e Unconsolidated Substrate

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

* 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
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Four SGC Classes – Determined by the percent cover or dominance of the geologic or biogenic (but no longer living) upper layer of the substrate

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 Substrate

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 Substrate
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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Presentation Notes
So by now this slide should be looking oddly familiar – but subtly different

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 morphology 


Structures or substrate composed of non-living biogenic material go in SGC (for reefs, the critters themselves are handled in in BBC,)
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You’ll notice here that in the SGC, The faunal reefs the groups are identified by their structure and in the BBC by the dominant taxa.  You’ll also notice that we’ve named with the epithet “substrate” or “biota” so a user can tell where they are in the classification.

This allows all sorts of things including identifying the living and dead portions of reefs, areas where other species have colonized dead reefs.

Doesn’t pose a problem if the substrate and biota are coincident – matter of choosing which label to use.



Relationship to Between the BBC & SGC

NWI classification combined the BBC and SGC concepts into a
single classification - allowing for “top down” cover mapping.

Separating the BBC from the SGC allows users to understand the
substrate underneath the biota

Structures or substrate composed of non-living biogenic
material go in SGC (reef organisms in BBC, underlying reef
structures in SGC)

BBC layer combined with SGC layer can be used to derive
benthic cover maps

31
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So in earlier versions of CMECS we had most of the classes you’ve seen in the BBC and SGC in a single Benthic Cover Component.  

We kept getting comments that many users wanted to be able to understand the entire what was underneath the living cover or that they wanted to have comprehensive substrate maps that were independent of biota.  

So we separated them out into two separate components to meet those needs.  Now the non-living substrates/structures are handled in the SGC and the living component is in the SGC

Some of the nice things it allows it allows for handling situations where dead reefs have been colonized by non coral epifauna or algae

The reefs posed a little problem because they are at once a living cover and a structure – to accommodate both we repeated the concepts in both components, but made sure to define them so they are mutually exclusive and still independent.  


Source Data
Airborne Multi-Spectral Imagery

:‘--q

Y2 meter

resolution

*Acquired at ~ -.7
" foot tide stage

Scale =1:24,000
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Give an example of a combined SGC and BBC Cover map created at the Subclass level for Humboldt Bay

Airborne Multi-Spectral Imagery – at 1/2m resolution and portrayed at an approximate scale of 1:24,000


o
Benthic Biology Data Set — Humboldt Bay

BBC types at the Class and Subclass level

F "5y ,- == Mapped at 100m?
. e o ' &% minimum polygon

Rooted Vascular
(patchy)

Rooted Vascular
(continuous)

- Macroalgae

Mollusk Reef
Biota (anthro)
No Cover

:l Unclassified
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First Classified the BBC – Aquatic Bed and Faunal Reefs and Emergent Marsh classes


Surface Geology Data Set — Humboldt Bay

SGC types at the Class level

-—

N — , - Mapped at 100m?
; /" (Gl minimum polygon
- size
SGC

Unconsolidated
Substrate - Implied

Unconsolidated
Substrate

Unclassified

Mullusk Reef
Substrate (anthro)

@ Mapped ag
Macroalgae in

Integrated Data but
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possible about
substrate

Scale =1:24,000
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Then classified the substrates – inferring sand under the vegetated units.  Not sure what happened with the mullusk beds – this one may have been done before we separated the components – I added the labels to show the Mullusk Reef substrates.  

You’ll note here they didn’t infer the substrate for the macroalgae


S
Integrated Data Set

Incorporatlng SGC and BBC types at the Class and Subclass level and WCC at System Level
' = Mapped at 100m?
minimum polygon
size
WCC
Non-Stratified

Coastal Marsh

Rooted Vascular
(patchy)

Rooted Vascular
(continuous)

Macroalgae

Mollusk Reef Biota
(anthro)

Unconsolidated
Substrate

Scale =1:24,000

-
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Presentation Notes
Finally produced an Integrated Cover Map by combining the coverages and 


Questions?

Homework:

Review SGC and Geoforms on
CMECS Catalogue
www.cmecscatalogue.org
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