Interpretive Context and Application of the Biological Condition Gradient  11/05/01 draft - SPDavies

The gradient is primarily written from a sampling site or a reach perspective, in keeping with the most common biological assessment approaches.  Attributes I-VI are readily interpreted from the “stream-side” or “sampled community” perspective.  Attribute VII, Organism Condition, may be assessed from the sample perspective but the findings have bearing on overall ecosystem function due to their implications for such important functional characteristics as reproductive success and secondary production.  These attributes are the tools of the trade of field biologists and as such, most biologists are quite comfortable with them.   Figures 1 and 2 provide some context for interpreting Attributes VIII, IX and X.  These models were developed by the EPA Large River Science Advisors workgroup in 1998 and provide a helpful review of fundamental concepts of stream ecology, with particular attention to factors that drive biological integrity.  They are offered here because many of the terms and concepts used in the Biological Condition Gradient can be more fully understood from the context of these models.  They also provide the needed linkage to the human disturbance gradient, which is now under development by Bob Hughes.

Overview of Attributes used in the Biological Condition Axis

Attributes I-V:  Taxonomic composition and tolerances 

These taxonomic composition and tolerance attributes are derived from empirical observations of taxon occurrence in relation to environmental gradients.  Presence/absence and abundance observations have long been associated with conclusions about the vulnerability or tolerance of species and groups of species to various environmental disturbances.  It is important to note that in many cases “sensitivity” is a relative term and varies for species as the stressor is changed.  For example, a given species may be “sensitive” to increased concentrations of copper but be “tolerant” to increasing siltation. 

Attribute VI:  Non-native taxa

This attribute represents both an “effect” of human disturbance and a “stressor” in the form of biological pollution.  It is recognized that society makes a value-based distinction between intentionally introduced species (such as certain gamefish), and those species that are opportunist invaders in aquatic systems, that are not seen as offering any benefit to humans (e.g., Corbicula, zebra mussels, Eurasian milfoil, etc).  This attribute is important to the Biological Condition Gradient because no clear-cut distinction, in terms of negative ecological consequence, can be made between “socially desirable” species and opportunist invasive organisms.  Both may wreak extensive havoc on ecosystems.  Management of this aspect of biological condition requires striking a balance between human values and ecological impacts.  

Attribute VII:  Organism Condition

Organism condition is an element of ecosystem function, expressed at the level of the individual.  It has been listed as a separate attribute because it is readily observed in the field for certain assemblages (e.g., DELT anomalies in fish).  As with other aspects of function, assessment approaches range greatly in complexity.  The most common approach for state and tribal programs is to forego complex and demanding direct measures of organism function (such as fecundity, morbidity, mortality, growth ratios, etc), in favor of indirect or surrogate measures like functional feeding guild distributions or % of organisms with anomalies. The attribute category is intended to accommodate either extreme in the level of assessment effort, to allow for advances in science and improvements in monitoring.

Attribute VIII:  Ecosystem Function

This is a very large catch-all attribute at this time and it is generally agreed that it should ultimately be broken down into sub-categories.  Although the importance of the attribute is unquestioned, the level of effort required to adequately assess ecosystem function is commonly beyond the means of state and tribal programs. It is the rare program that has the resources to directly assess function, but current multimetric and multivariate approaches, in wide use today, contain fundamental elements designed to provide information on overall ecosystem function.  Examples include some of the metrics mentioned above, that assess the distributions and characteristics of functional feeding or habitat guilds, age class distributions, and biomass estimates.  Although our ability to fully assess this attribute is currently limited, it is included because of its unquestioned importance, and in order to accommodate future advances in the science. The category implies the sum-total of individual-population and community function, and is also influenced by interactions between the biota and the physical environment.  Some functional assessment approaches inherent in the current broad category of Ecosystem Function are provided below in order to clarify what we are referring to by using the term:

	Functional Hierarchical Level
	Example Assessment Approaches

	Individual
	% of organisms with …tumors, lesions, deformities, parasitic infections; metabolism; morbidity

	Population
	Fecundity; Age class distributions; sex ratios; presence/absence; 

	Community
	Structural composition and complexity

	Ecosystem
	Primary & secondary production; P/R; Immigration/Emigration; nutrient spiraling; trophic complexity; resource leakage 


Attributes IX and X are qualitatively different from Attributes I-VIII and so have been visually distinguished in the BioAxis from the rest of the attributes.  The first obvious difference is that they are interpreted at different spatial and even temporal scales.  The reach, or sampled community perspective has been expanded to potentially include an entire watershed or an entire annual cycle. These attributes relate to interactions between the physical environment, in all its aspects (spatial, temporal, structural, chemical, etc.) and the biota.  Attributes IX and X will be more fully developed as progress is made by the ALUS Workgroup, in clarifying the human disturbance or stressor gradient (the X-Axis).  When faced with the task of interpreting specific biological conditions in relation to the described tiers, there is no expectation that the outcome of the biological evaluation would be adjusted in relation to characteristics at the larger scales that are considered in Attributes IX and X.  They are included here in recognition of the interdependent nature of the two axes.  An effort has been made, in presenting Attributes IX and X, to direct attention wherever possible to the biological consequences of the physical conditions. Attributes IX and X are also included in the Biological Condition Gradient because they serve to better inform the management perspective.  The spatial and temporal extent of detrimental effects has important implications for the level of biological urgency, and thus the appropriate level of management concern, of an observed problem.  It also has important implications for the recovery potential of a site.  Ecosystem connectance is fundamental to the successful recruitment and maintenance of organisms into a restored environment.
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Figure 1:  Conceptual Model of Factors Influencing Ecological and Biological Integrity in Large Rivers
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Figure2:  A Conceptual Model of Large River Processes and Potential Measurements
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