MAINE Hypothetical Example  Workgroup Draft 10/30/01


Biological Condition Gradient:  Hypothetical Example Scenario 

A cold-water stream catchment in the

 State of Maine, United States

Example Scenario: The following table describes a hypothetical series of sampling observations across a gradient (in space or time) of increasing inputs of sediments and nutrients, and altered temperature regime (caused, for example by agricultural activities, grazing land; timber harvesting, or urban development, etc).  The hypothetical example is based on a mid-sized, moderate to high-gradient, scoured, hard-bottom stream system in a northern temperate, glaciated ecoregion.  Example taxa are those commonly encountered across such a gradient, in the State of Maine and are presented only as examples of the individual taxa that could be expected in the given environmental condition.  There is no implied expectation that they must occur or that they would necessarily occur together.

	Resource Condition “Tiers” 
	Biological Condition Characteristics (Effects)

	1   

Natural or native condition

Native structural, functional and taxonomic integrity is preserved; ecosystem function is preserved within the range of natural variability

	I  Historically documented, sensitive, long-lived,or regionally endemic taxa

· Long-lived native species of fish-host specialist, or long-term brooder mussels, such as (e.g. Brook Floater- Alasmodonta varicosa;  Triangle Floater- Alasmodonta undulata; Yellow Lampmussel- Lampsilis cariosa) are present in naturally occurring densities.  

· Fishes:  Brook stickleback; Swamp darter

II  Sensitive- rare taxa
· The proportion of total richness represented by rare, specialist and vulnerable taxa is high, for example, without limitation, the following taxa are representative: Plecoptera: Capniidae, Taeniopteryx, Isoperla, Perlesta, Pteronarcys, Leuctra; Ephemeroptera:  Cinygmula, Rhithrogena, Epeorus, Serratella, Leucrocuta; Trichoptera:  Glossosoma; Psilotreta; Brachycentrus; Diptera: Stempellina, Hexatoma, Probezzia; Coleoptera: Promoresia; Fishes: Slimy sculpin, Longnose sucker; Longnose dace

III  Sensitive- ubiquitous taxa 

· Densities of Sensitive-ubiquitous taxa are as naturally occur.  The following taxa are representative of this group for Maine: Plecoptera: Acroneuria; Ephemeroptera:  Stenonema, Baetis, Ephemerella, Pseudocloeon,  Fishes: Brook trout,  Burbot; Lake chub

IV   Taxa of intermediate tolerance
· Densities of intermediate tolerance taxa are as naturally occur.   The following taxa are representative of this category:  Trichoptera: Hydropsychidae, Chimarra, Neureclipsis, Polycentropus; Diptera:  Tvetenia, Microtendipes, Rheocricotopus, Simulium; Fishes:  Common shiner; Fallfish
V  Tolerant taxa 

· Occurrence and densities of Tolerant taxa are as naturally occur.  The following taxa are representative of this category: Diptera:  Dicrotendipes, Tribelos, Chironomus, Parachironomus; Non-Insects: Caecidotea, Isopoda, Physa,  Helobdella; Fishes:  White sucker; Blacknose dace; Creek chub
VI  Non native or intentionally introduced taxa  

· Non native taxa such as Golden shiner; Yellow perch; American eel, are absent or, if they occur, their presence has an inconsequential effect on native biota;

VII  Physiological condition of long-lived organisms
· Anomalies are absent or rare; any that occur are consistent with naturally occurring incidence and characteristics
VIII Ecosystem Function
· Rates and characteristics of life history (e.g., reproduction; immigration; mortality etc.), and materials exchange processes (e.g., production; respiration; nutrient exchange; decomposition etc.) are comparable to that of “natural” systems.

· The system is predominantly heterotrophic, sustained by leaf litter inputs from intact riparian areas, with low algal biomass; P/R<1 (Photosynthesis:Respiration ratio)

IX  Spatial and temporal extent of detrimental effects

· Not applicable- disturbance is limited to natural events such as storms, droughts, fire; earth-flows.  A natural flow regime is maintained.
X  Ecosystem connectance
· Reach is highly connected with groundwater, its floodplain, and riparian zone, and other reaches in the basin, at least annually.  Allows for access to habitats and maintenance of seasonal cycles that are necessary for life history requirements, colonization sources and refugia for extreme events.  


	2  

Minimal changes in structure of the biotic community and minimal changes in ecosystem function 

Virtually all native taxa are maintained with some changes in biomass and/or abundance; ecosystem functions are fully maintained within the range of natural variability


	I Historically documented, sensitive, long-lived, regionally endemic taxa

· Some regionally endemic, long-lived species (e.g., some mussel species such as the Dwarf Wedgemussel- Alasmidonta heterodon, and/or fish species, such as the Brook stickleback are absent due extirpation from Maine prior to the enactment of the CWA;  some mussel species of Special Concern in Maine are present (e.g. Brook Floater- Alasmodonta varicosa;  Triangle Floater- Alasmodonta undulata; Yellow Lampmussel- Lampsilis cariosa ) 
II Sensitive- rare taxa 

· Richness of rare and/or specialist invertebrate taxa is high though densities may be low (e.g., for Maine- Plecoptera: Capniidae, Taeniopteryx, Isoperla, Agnetina, Perlesta, Pteronarcys, Leuctra; Ephemeroptera:  Cinygmula, Rhithrogena, Epeorus, Serratella, Leucrocuta; Trichoptera:  Glossosoma; Psilotreta; Brachycentrus; Diptera: Stempellina, Rheopelopia, Hexatoma, Probezzia; Coleoptera: Promoresia;; densities of scrapers such as Glossosoma are increased;

·  Fish assemblage is predominantly native including such sensitive  fish as: Slimy Sculpin, Longnose sucker, Longnose dace
III Sensitive- ubiquitous taxa

· Surficial scraper-grazers and collector-gathers are favored due to slightly increased periphyton biomass on hard substrates which results in higher relative abundance of these groups (e.g., Ephemeroptera:  Stenonema, Stenacron, Baetis, Ephemerella, Pseudocloeon,); Predatory stoneflies are common (e.g., Acroneuria, Agnetina;). Populations of such native fish taxa as Brook Trout, Lake chub; Burbot are common 

IV Taxa of intermediate tolerance
· Increased biomass of diatom species that respond positively to increased nutrients and temperatures, but sensitive diatom species are maintained.  Diatom richness is increased; filamentous forms are rare or as naturally occur
· May be slight increases in densities of macroinvertebrate taxa such as Trichoptera: Hydropsychidae, Philopotamidae, Neureclipsis;  Diptera: Rheotanytarsus, Microtendipes, Rheocricotopus, Simulium
· Common shiner and Fallfish are in good condition 
V Tolerant taxa 

· May be slight increases in occurrence of tolerant taxa such as Diptera: Polypedilum, Tvetenia, Non-Insects:   Isopoda, Physa,; Fishes:  White Sucker; Creek chub; Blacknose dace

VI  Non-native or intentionally introduced  taxa

· Any intentionally introduced fish species (e.g., Brown Trout- Salmo trutta; Rainbow Trout- Oncorhynchus mykiss) occupy non-detrimental niche space; 
VII  Physiological condition of long-lived organisms

· Any anomalies on fish are consistent with naturally occurring incidences and characteristics such as: rare occurrence of gill or anchor parasites, blackspot etc.

· Spawning areas of native fishes are evident during spawning season

VIII Ecosystem Function
· Rates and characteristics of life history (e.g., reproduction; immigration; mortality etc.), and materials exchange processes (e.g., production; respiration; nutrient exchange; decomposition etc.) are unimpaired and not significantly different from the range of natural variability.
· The system is predominantly heterotrophic, sustained by leaf litter inputs from intact riparian areas; P/R/ is<1
IX  Spatial and temporal extent of detrimental effects

· Extent is limited to small pockets or brief periods

X   Ecosystem connectance
· Unimpaired access to habitats, and maintenance of seasonal cycles, that are necessary to fulfill life history requirements, and to provide colonization sources and refugia for extreme events.


	3  

Evident changes in structure of the biotic community and minimal changes in ecosystem function 

Some changes in structure due to loss of some rare native taxa; shifts in relative abundance of taxa but Sensitive-ubiquitous taxa are common and abundant; ecosystem functions are fully maintained through redundant attributes of the system 
	I Historically documented, sensitive, long-lived, or regionally endemic taxa

· Brook Floater- Alasmodonta varicosa;  Triangle Floater- Alasmodonta undulata; Yellow Lampmussel- Lampsilis cariosa;  are uncommon; Dwarf Wedgemussel- Alasmidonta heterodon,  (and/ or a fish species)  absent due to extirpation from Maine prior to CWA

II Sensitive- rare taxa
· Some replacement of taxa having narrow or specialized environmental requirements, with functionally equivalent Sensitive-ubiquitous taxa; coldwater obligate taxa are disadvantaged.  Taxa such as Plecoptera: Capniidae, Taeniopteryx, Isoperla, Perlesta, Pteronarcys, Leuctra; Agnetina Ephemeroptera:  Cinygmula, Rhithrogena, Epeorus, Serratella, Leucrocuta; Trichoptera:  Glossosoma; Psilotreta; Brachycentrus; Diptera: Stempellina, Rheopelopia; Hexatoma, Probezzia; Coleoptera: Promoresia; Fishes; Brook Stickleback, Longnose sucker, Longnose dace, are uncommonly encountered or absent.

III Sensitive- ubiquitous or generalist  taxa

· Sensitive- ubiquitous or generalist taxa are common and abundant; taxa with broader temperature-tolerance range are favored (e.g., Plecoptera: Acroneuria; Ephemeroptera:  Stenonema, Baetis, Ephemerella, Pseudocloeon, 

· Overall mayfly taxonomic richness is reduced relative to the Tier 2 condition, with the preponderance of richness represented by Sensitive- ubiquitous taxa;  densities of remaining taxa are high and are sufficient to indicate healthy, reproducing populations;

· Native Brook Trout are significantly reduced due to the introduction of non-native Brown Trout and the increased temperature regime. 

IV Opportunist or facultative taxa of intermediate tolerance

· Filter-feeding blackflies (Simulium) and net-spinning caddisflies (e.g., Hydropsyche; Cheumatopsyche, Polycentropus; Neureclipsis),  show increased densities in response to nutrient enrichment, but relative abundance of all expected major groups is well-distributed 

· Increased temperature and increased available nutrients result in increased algal productivity causing an increase in the thickness of the diatom mat. This results in a “slimy” covering on hard substrates. 

· Fish assemblage exhibits increased occurrence of Common shiner and Fallfish
V Tolerant taxa 

· Richness of Diptera: Chironomidae is increased; relative abundance of Diptera and non-insects is somewhat increased but overall relative abundance is well-distributed among taxa from Groups III , IV and  V, with the majority of taxa represented from Groups III and IV.  Blacknose dace and white sucker are more common

VI  Non-native or intentionally introduced  taxa 

· Brown trout have largely replaced native brook trout; 
VII  Physiological condition of long-lived organisms

· Incidence of anomalies such as gill parasites, anchor parasites, blackspot, etc.,  is low;  serious anomalies such as tumors or deformities are essentially absent

· Environmental quality is sufficient to fully support reproduction of most long-lived species 

VIII Ecosystem Function
· Increased temperature and algal metabolism causes small diurnal sags in dissolved oxygen, compensated by adequate aeration from  turbulence over riffle areas; 
· Algal biomass somewhat exceeds what can be utilized by resident grazers, resulting in evidence of die-back and slight downstream export of sloughed material.  
· Patchy loss of high food quality riparian vegetation (e.g., oak; maple, beech) and elevated temperature, results in decreased growth and survival of some specialized shredder taxa (Pteronarcidae; Taeniopterygidae) with replacement by shredders capable of utilizing lower quality organic matter (Lepidostomatidae; Limnephilidae; Tipulidae)
IX  Spatial and temporal extent of detrimental effects

· Filamentous green algae occur in small patches within reaches; Low dissolved oxygen levels occur only during the high temperature and low flow summer periods.

· Interstitial spaces, within the substrate of pools, are filled with fine sediment resulting in localized losses of interstitial habitats but riffle areas continue to provide adequate water flow and oxygen through interstitial habitats.  

X   Ecosystem connectance
· Some downcutting has resulted in a patchy decrease in connectance of the stream from it’s floodplain except at unusually high flows.

· Thinning and patchy loss of riparian vegetation has altered the microclimate of the surrounding landscape causing a decrease in survival and reproductive success of adult mayflies and stoneflies.


	4  

Moderate changes in structure of the biotic community and minimal changes in ecosystem function 

Moderate changes in structure due to replacement of some Sensitive-ubiquitous taxa by more tolerant taxa, but reproducing populations of some Sensitive taxa are maintained; overall balanced distribution of all expected major groups; ecosystem functions largely maintained through redundant attributes 
	I  Historically documented, sensitive, long-lived, regionally endemic taxa

· Healthy, reproducing populations of generalist mussel species are present  (such as Eastern Elliptio- Eliptio complanata, or Eastern Lampmussel- Lampsilis radiata radiata or Eastern Floater- Pyganodon cataracta) but Brook Floater- Alasmodonta varicosa; Triangle Floater- Alasmodonta undulata; Yellow Lampmussel- Lampsilis cariosa  are absent .

II  Sensitive- rare, specialist, vulnerable taxa with narrow environmental requirements

· Richness of specialist and vulnerable taxa is notably reduced; if present, densities are low  (e.g., Plecoptera: Capniidae, Taeniopteryx, Isoperla, Perlesta, Pteronarcys, Leuctra; Agnetina  Ephemeroptera:  Cinygmula, Rhithrogena, Epeorus, Serratella, Leucrocuta; Trichoptera:  Glossosoma; Psilotreta; Brachycentrus; Diptera: Stempellina, Rheopelopia; Hexatoma, Probezzia; Coleoptera: Promoresia, Fishes: Occurrence of Slimy Sculpin, Longnose sucker and Longnose dace is reduced 

III  Sensitive- ubiquitous or generalist  taxa

· Densities of sensitive- ubiquitous scraper and gatherer insects (e.g.,Stenonema;  Heptagenia; Baetis; Ephemerella; Pseudocloeon) are sufficient to indicate that reproducing populations are present but relative abundance is reduced due to increased densities of Opportunist invertebrate taxa (Group IV);

· Predatory stoneflies are reduced (e.g., Acroneuria) 

IV  Opportunist or facultative taxa of intermediate tolerance

· Many substrate surfaces are covered by bryophytes and macro-algae responding to increased nutrients, resulting in displacement of litho-phytic (stone-dwelling) micro-algae in favor of epiphytic (plant-dwelling) and filamentous forms (e.g., Cladophora).

· Increased loads of suspended particles favor collector-filterer invertebrates resulting in notably increased densities and relative abundance of filter-feeding caddisflies and chironomids (e.g., Trichoptera: Hydropsychidae, Chimarra, Neureclipsis, Polycentropus; Diptera:  Tvetenia, Microtendipes, Rheocricotopus, Simulium; Fishes: Common shiner and Fallfish are common and abundant
V  Tolerant taxa 

· There is an increase in the relative abundance of tolerant generalists (for example, Polypedilum; Eukeifferiella; Cricoptopus) and/or in numbers of non-insect scrapers and gatherers (e.g., Physa; Sphaerium; Asellus; Hyalella) but they do not exhibit significant dominance

· Overall relative abundance is well-distributed among taxa from Groups III , IV and  V, with the majority of the total abundance represented from Group IV.
· Native fish such as White Sucker; Blacknose Dace; Creek Chub are common.

VI  Non-native or intentionally introduced  taxa

· Brook Trout are absent or transient but such taxa as Smallmouth bass, Golden shiner and Yellow perch are common

VII  Physiological condition of long-lived organisms

· Incidence of anomalies such as blackspot and gill and anchor parasites is slightly higher than expected

· Occurrence of  tumors, lesions and deformities is rare.

VIII  Ecosystem Function
· Increased available nutrients increase algal productivity causing increased diatom, macro-algae and macrophyte biomass, and consequently lowering evening dissolved oxygen levels and increasing daytime oxygen levels.  Invertebrate biomass is high but production has shifted to result in greater biomass of intermediate tolerance organisms than sensitive organisms.  For example, filter-feeders utilizing suspended material shift from mayflies and sensitive musels and caddisflies (e.g., Isonychia; Elliptio; Brachycentrus ) to facultative types (e.g., Hydropsychidae; Rheotanytarsus;  Sphaeriidae: Musculium; Pisidium) ; grazers of diatoms shift from sensitive mayflies and caddisflies (e.g., Heptagenia; Leucrocuta;  Glossosomatidae; ) to facultative scrapers and collector gatherer organisms (e.g.,Baetis; Callibaetis; Physidae; Leptoceridae).  The suspended organic matter load somewhat exceeds what can be utilized by resident filterers resulting in increased levels of exported material.  Sloughing of excess macro-algae and macrophyte biomass results in increased downstream export of course particulate organic matter.

· The system is becoming more autotrophic due to algal photosynthesis. The P/R ratio shows a slight increase.

IX  Spatial and temporal extent of detrimental effects

· Increased macrophyte and algal biomass extends downsteam beyond the confluence with the next  tributary;  filamentous algae  first appears in the stream as temperatures warm in late spring; pools and depositional areas are silt-filled; the interstitial spaces in the substrate of runs is becoming obstructed by sand and silt

· Early morning low dissolved oxygen levels occur occasionally during late spring and fall as well as during the mid summer

X  Ecosystem connectance
· Filling of interstitial spaces obstructs access to hyporheic zone for early instar stonefly nymphs, eliminating nursery areas and refugia for storm-events and low flows.  Adult stoneflies from upstream reaches continue to oviposit but reproductive success is limited; stonefly nymphs continue to colonize by drift, with limited success.

· Poorly managed culverts on some tributaries impede fish passage and access to some spawning areas.




	 5 
Major changes in structure of the biotic community and moderate changes in ecosystem function 

Sensitive taxa are markedly diminished; conspicuously unbalanced distribution of major groups from that expected; organism condition shows signs of physiological stress; system function shows reduced complexity and redundancy; increased build-up or export of unused materials.    
	I Historically documented, sensitive, long-lived, or  regionally endemic taxa

· Mussel fauna, including commonly occurring, generalist taxa (e.g.,Eastern Lampmussel- Lampsilis radiata radiata; Eastern Floater- Pyganodon cataracta;  Eastern Elliptio- Elliptio complanata), is markedly diminished due to poor water quality

II Sensitive- rare, 
· Only the rare occurrence of individual representatives of specialist and vulnerable taxa with no evidence of successful reproduction 
III Sensitive- ubiquitous taxa

· Either absent or present in very low numbers, indicating impaired recruitment and/or reproduction

IV Opportunist or facultative taxa of intermediate tolerance

· Filter-feeding invertebrates such as Hydropsychid caddisflies (e.g., Cheumatopsyche) and filter-feeding midges (e.g., Rheotanytarsus; Microtendipes) occur in very high numbers; 
V Tolerant taxa 

· Frequent occurrence of tolerant collector-gatherers (e.g., Orthocladiini; Micropsectra; Pseudochironomus, Dicrotendipes; Isopoda- Caecidotea; Amphipoda- Hyalella; Gammarus); 

· Relative abundance of non-insects often equal to or higher than relative abundance of insects

· Deposit-feeders such as Oligochaeta are increased;  

· Numbers of  tolerant predators are increased (Hirudinea; Thienemannimyia; Cryptochironomus)
· Native fish species are essentially absent with the exception of tolerant taxa like white sucker, Blacknose dace and Creek chub 
VI  Non-native or intentionally introduced  taxa

· Golden shiner, American eel, and Yellow perch are common

VII  Physiological condition of long-lived organisms

· Biomass of young of year age classes is low; overall fish biomass is reduced; 

· Sex ratio of remaining fish does not equal 1

· Occurrence of parasitic infestations and disease is common

· Incidence of serious anomalies such as tumors and anatomical deformities is higher than expected

VIII Ecosystem Function
· High algal photosynthetic activity results in daytime dissolved oxygen supersaturation  accompanied by nighttime dissolved oxygen levels less than 4 ppm. Extremely high algal biomass significantly alters the habitat structure of the substrate; 

· The P/R ratio is significantly > 1; the system is predominantly autotrophic

· Loss of coarse particulate shredders and alteration of bacterial decomposer community contributes to build-up and/or export of unused organic matter;

· Mechanisms for nutrient spiraling are significantly simplified and less efficient resulting in increased export of nutrients from the system 

IX  Spatial and temporal extent of detrimental effects

· Substrate has become armored by increased sediment loading, altered flow regime and altered channel morphology resulting in compaction of interstitial space habitat, leaving only patches of well-scoured gravel substrate in high-gradient riffle areas; 

· Armoring is resistant to spring scouring events, preventing annual spring sediment flushing and re-sorting of substrate;

· Near complete canopy removal results in all day insolation of stream and surrounding land surface causing abnormally elevated temperature regime in early spring and late fall.  This causes unnaturally elevated seasonal temperature cues and results in failures of life history requirements.

X  Ecosystem connectance
· Lateral connectance to floodplain areas is eliminated except at peak flows, due to altered channel morphology caused by human intervention (bank riprapping, dikes) and altered flow regime.

· All appropriate high quality spawning gravel in upstream areas is destroyed by silt deposition, preventing spawning of white suckers, leaving only mature adults. Culverting is common, contributing  to impairment of fish passage

· Lack of riparian vegetation eliminates habitat for adult flying aquatic insects, reducing survival and reproduction of resident organisms and reducing successful recruitment of immigrating organisms (i.e., flight dispersal of ovipositing females).  


	6

Severe changes in structure of the biotic community and major loss of ecosystem function 

Extreme changes in structure; wholesale changes in taxonomic composition; extreme alterations from normal densities and distributions; organism condition is often poor; ecosystem functions are severely altered
	I Historically documented, sensitive, long-lived, regionally endemic taxa

· Poor water quality, compaction of substrate, elevated temperature regime and absence of fish hosts for reproductive functions preclude the survival of any mussel fauna

II Sensitive- rare taxa
· These taxa are absent due to poor water quality, elevated temperature regime, alteration of habitat,  loss of riparian zone, etc. 

III Sensitive- ubiquitous taxa

· Absent due to above listed factors, though an occasional transient individual, usually in poor condition, may be collected.
IV  Taxa of intermediate tolerance

· Filter-feeding insects and other macroinvertebrate representatives of this group are severely reduced in density and richness, or are absent. 
V Tolerant taxa 

· Low dissolved oxygen conditions preclude survival of most insect taxa except those with special adaptations to deficient oxygen conditions (e.g., Chironomus) 

· The macroinvertebrate assemblage is dominated by tolerant non-insects (Planariidae; Oligochaeta; Hirudinea; Sphaeriidae; etc)

VI Non-native or intentionally introduced  taxa

· Native species are essentially absent

· Only very tolerant invasive alien fish taxa are collected (Golden shiner, Yellow perch); 

· Number of individuals collected is abnormally low

VII  Physiological condition of long-lived organisms

· Fish biomass is very low ; individuals that are collected appear to be transients and are in poor condition
· Incidence of parasitic infestations and disease is high; anatomical deformities and/or tumors are common
· Minimal evidence of recruitment or reproduction except some extremely tolerant groups may have high production; young of year age classes are absent
VIII Ecosystem Function
· Water quality has degraded to such an extent that algal photosynthesis is negligible 

· Decomposition of organic matter  creates P/R markedly <1; the system is predominantly 

      heterotrophic as a result of high bacterial respiration and minimal photosynthesis

· Reproductive success is very low 

· Recruitment of emigrating organisms into upstream and downstream habitats is impaired due to low fecundity and high mortality rates of resident biota.

IX Spatial and temporal extent of detrimental effects

· The reach and all tributaries are affected by widespread alteration of within stream conditions as a result of severely altered land-use and poor water quality.

X   Ecosystem connectance
· Catchment-wide land-use disturbance and alteration of stream morphology has affected all tributaries eliminating sources of recruitment and destroying spawning habitat; 

· Physical and chemical requirements to fulfill life history functions (e.g., seasonal temperature cues for mating behavior and egg development; intact nursery habitats; optimal levels of dissolved gases, etc.) are severely disrupted resulting in very low reproductive success and high mortality rates. 




Italics indicate terms listed in the definitions
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