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Presenter
Presentation Notes
After hearing the past 2 presentations- I plan to discuss the integration of ecological risk assessment with the ESA and providing an example of that integration by introducing you to the Yakima river basin and threatened steelhead populations.


Overview

Section 7 of the Endangered Species Act
Application of Ecological Risk Assessment
Steelhead Example

Summary
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General overview

Basic statutory determinations under ESA

A conceptual model for ERA

Introduction to steelhead and the ESA


Where might ecological risk assessment fit
Into a biological opinion?

Answers who, what, where,
when, how, how long, how often,
etc.

Description of Proposed Action -_—

!

Status of Species and/or Description Life history and ecological
of Designated Critical Habitat attributes; reproduction, numbers,

/_l, and distribution

Environmental Baseline EE—

|

Effects of the Action E—

|

Cumulative Effects E—

l Does action jeopardize the
Conclusion —— continued existence of ESU?
Does action adversely modify or
destroy designated critical
habitat-

Existing ecosystem condition fro
past, current, and future multiple
stressors

Ecological risk assessment:
problem formulation
risk analysis
risk characterization

Addresses non-federal activities
that occur in the action area which
are reasonably certain to occur
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On the left are the general components of a biological opinion and on the right are descriptions:

Taken together these components form the basis of the ESA analysis

And Ecological risk assessment 



Biological organization and ESA determinations
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If the federal action agency determines, with written concurrence from the Service, that the action is not likely to adversely affect listed species or critical habitat, the consultation is concluded.  If the federal action agency determines that its action is likely to adversely affect any listed species or critical habitat, then the Service will conduct a biological opinion on whether the action is likely to jeopardize the continued existence of a listed species or result in the destruction or adverse modification of critical habitat. 


Translation of individual effects to
populations

Sub-lethal effect(s) Lethal effect

Acetylcholinesterase I “ Mortality from mixture toxicity
inhibition |

and disruption of Behavioral B B
olfactory function impact .‘fﬁ

Habitat effect(s) Reduced feeding and growth
Reduction in prey l
availability

Reduced body size

l

: —— life history
Population level consequence(s): specific
Abundance, productivity, :
) : : population
spatial structure, diversity

— models
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Consider exposure to insecticides and their potential effects to salmonids and their habitat.

Direct sublethal and potentially lethal effects to juveniles- 
Direct effects to habitat-

Ultimately use of population life history models to determine negative trends in abundance and productivity compared to non-exposed populations

It is this type of analysis that informs us if an action jeopardizes the continued existence of a listed species

Now I would like to introduce you to populations of listed steelhead in the Yakima Valley of WA


Middle Columbia River Steelhead
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Oncorhynchus mykiss

Note: return spawners
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Typical salmonid life history

Unique is their life history variations in use of habitats, run timing, and individual behaviors

One of their most unique properties is their ability to spawn more than once-
Some are repeat spawners or better known as kelts


Canada

Hurricanes
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The next few slides are presented to orient you to geography and will basically be a step down from this scale to the Yakima basin


Columbia River Basin

Columbia River Basin
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Here is the Columbia River Basin shaded in green

It encompasses 3 western states as well as parts of Canada

The red dots indicate major hydroelectric dams

Historically, steelhead exploited the entire basin


e Listed as Threatened in 1999
« 16 populations
o Critical Habitat designated in 2005

e Population viability affected

Common stressors:

Habitat blockages
Hatchery influences
Land use impacts
Harvest

Chemical contaminants:

Pesticides
PAHs

Heavy metals
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This is the Geographic range of the Middle Columbia River Evolutionarily significant unit.

The ESU is composed of 16 independent populations across OR and WA

The yellow, red, and blue colored streams and rivers indicate habitat use by salmonids

Red indicates agricultural land use.


Yakima River Basin
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Fuhrer GJ, Morace JL, Johnson HM, Rinella JF, Ebbert JC, Embrey SS, WaitelR, Carpenter KD,
Wise DR, Hughes CA. 2004. Water Quality in the Yakima River Basin, WA, 1999-2000: US
Geological Survey Circular 1237, 34 p. Figure 1.
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Yakima river basin is one of the most intensely irrigated areas in the country. There are 6 irrigation districts and one storage division that irrigates 1.5 million acres of desert.
Its facilities include 6 storage reservoirs, 416 miles of canals, 145 miles of drains, 30 pumping plants, and 2 small hydroelectric dams
Surface water diversions are equivalent to 60% of the mean annual flow from the basin. During summer months 50-70% if stream flow is irrigation return flow.

Irrigation return water can be hot and carries sediment, nutrients, pesticides, and pathogenic bacteria back to the Yakima River.

Surface waters are also used for drinking water for the cities of Yakima and Cle Elum


A Conceptual Model for Columbia
River Steelhead and Pesticides



Use and registration of formulated pesticide products,
degradates, metabolites, and tank mixtures

Pesticide use patterns; transport,
fate, persistence, and concentration
In steelhead habitat, co-occurrence
of environmental mixtures

Best available science regarding the
effects of pesticides on steelhead and
their habitat

Steelhead Habitat el el Habitat
steelhead

distribution distribution response
response

Exposure profile Response profile

Effects on individual Effects on habitat
steelhead

Impacts on 16 steelhead populations
Impacts on steelhead ESU
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Stressor identification– registration and re-registration, and use of pesticide….
Yellow boxes represent Exposure 
Blue boxes represent  Response 
Violet boxes represent Risk characterization

I will walk through each of these components briefly, but first will discuss current conditions in the Yakima basin


Yakima baseline conditions

 Physical stressors
— Water quantity
— Asynchronous flow regimes
— Elevated water temperatures (thermal barriers)
— Migratory challenges and blockages (dams, culverts, diversions)

 Chemical stressors
— Pesticides
— Legacy compounds (DDT, DDE TMDL)
— Heavy metals
— Elevated nutrients (low dissolved oxygen and eutrophication)

* Biotic stressors
— Non-indigenous, piscivorus predators

— Pathogenic bacteria
— Fishing




Exposure Profile:

Pesticide use patterns; transport,
fate, persistence, and concentration
In steelhead habitat, co-occurrence
of environmental mixtures

Steelhead Habitat
distribution distribution

Exposure profile




Steelhead Distribution and
Cropping Patterns in Yakima Basin
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Life History Temporal Distribution of Yakima
Summer Run Steelhead
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Response Profile

Best available science regarding the
effects of pesticides on steelhead and
their habitat

Individual
steelhead
response

Habitat
response

Response profile



w Effects to individual steelhead

Assessment Endpoints

Assessment Measures

Juvenile growth

Foraging behavior
Growth rate
Condition index

Reproduction

Courtship behavior
Number of eggs produced
Fertilization success

Early development

Gastrulation
Organogenesis
Hatching success

Smoltification

lon exchange (i.e. gill Na*/K* ATPase activity)
Blood hormone (i.e. thyroxin)
Salinity tolerance

Disease-induced mortality

Immunocompetence
Pathogen prevalence in tissues
Histopathology

Migration or distribution

Use of juvenile rearing habitats
Adult homing behavior
Selection of spawning sites
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Here is a representative list of salmonid specific endpoints.


Mixture toxicity of organophosphate
Insecticides: Acetylcholinesterase inhibition

Binary Mixtures Predicted Observed Lethality

malathion + diazinon additive synergistic Dﬁ

malathion + chlorpyrifos additive synergistic Dﬁ

diazinon + chlorpyrifos additive synergistic Dﬁ
EC50 units

ppb (ug/l) | toxicity thresholds | 0.1 exposure

1 0.4
Insecticide | LC50 | LC50 | LC50 | EC50 | 0.5 0.2 | 0.05 Peak
/120 EC50 | EC50 | EC50 | Field | EECs

diazinon | 913.9 147. 7.4 25.12
chlorpyrifos | 80.2 .0 9.2b

(00)
N
ol

malathion 74.3 37 47.2°

a=NY apples, pears scenario, b= OR apples, c= OR apples Laetz et al. in preparation
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4 out of 8 fish were listless, rolling , could not orient , loss of equilibrium, no escape response after 24 hrs and continued through 96 hrs.


Risk Characterization

Effects on individual Effects on habitat
steelhead

Impacts on 16 steelhead populations
Impacts on steelhead ESU




Health of Yakima Steelhead
Populations

Moderate risk in each VSP category across ESU
Greatest risk to Abundance

Long term negative trend in 11 of 12 steelhead
production areas

Continued low number of natural steelhead returns to
Yakima (<10% of recovery target)

Biological Review Team divided between “likely to
become endangered in the foreseeable future” and
“not in danger of extinction or likely to become
endangered in the foreseeable future”




Linking behavior impairment to population level
effects: Population model

spawner abundance
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Data stem from field collected individual adult spawners which include numbers and sizes

Field observed fecundities and suvirvor rates

Good for relative relationships

Under ESA in the policy realm is to take these relationships and translate it to effects on ESUs



Summary

e Species effects from pesticides can be
assessed using current Ecological Risk
Assessment technigques.

e Sub-lethal effects to individuals can lead to
population level consequences.

o Pesticide effects should be linked to
viable salmonid population attributes such
as abundance and productivity.
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Thank you



Assessing Population Status:

Viable Salmonid Population Concept*

 Abundance

e Productivity

e Spatial Structure
e Diversity

*McElhany P, Ruckleshaus M, Ford MJ, Wainwright T, Bjorkstedt E. 2000. Viable salmon populations and the
recovery of evolutionaruli significant units. US DOC. NOAA Technical memorandum NMFS-NWFSC-42. 156p.
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A viable salmonid population is an independent population of any Pacific salmonid (genus Oncorhynchus) that has a negligible risk of extinction due to threats from demographic variation, local environmental variation, and genetic diversity changes over a 100-year time frame.  Usually more than one independent population comprises an ESU. 

The independent population is the fundamental unit of evaluation in determining the risk of extinction of salmon in the ESU.  NMFS evaluates population abundance, population growth rate, population spatial structure and genetic diversity to determine individual population status. 

Population abundance is important because small populations are usually at greater risk of extinction than large populations.  Population growth rate or productivity over the entire life cycle provides information on how well a population is performing in the habitats it occupies during the life cycle.  Estimates of population growth rate that indicate a population is consistently failing to replace itself are an indicator of increased extinction risk.  A recent study modeling population level effects supported the hypothesis that first-year survival has the greatest influence on altering the population growth rate for late returning Chinook salmon (Spromberg and Meador 2005). Spatial structure refers to how the abundance at any life stage is distributed among available or potentially available habitats.  Diversity is the variety of life histories, sizes, and other characteristics expressed by individuals within a population. Genetic diversity is important for population viability because a greater diversity of traits allows for habitation of a wider array of environments.  More trait diversity protects a population against short-term changes in the environment and provides the raw material for surviving long-term environmental change.  The risk of extinction of the ESU is evaluated by these four VSP parameters (abundance, growth rate, spatial structure and genetic diversity) in total for all of the independent populations that make up each ESU.  For a detailed discussion of VSP see Appendix X (McElhaney et al. 2000 is Appendix X).


Pesticide effects to lotic habitats
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Designated Critical Habitat
Primary Constituent Elements (PCE)

Habitat Component:

1) Spawning and juvenile
CEUMEIEER

2) Juvenile migration
corridors

3) Areas for growth and
development to adulthood

4) Adult migration corridors

For each listed ESU:

1)spawning gravel; 2) water quality:;
3) water quantity; 4) water temp.;
5)food; 6) riparian veq.; 7) access

1) substrate; 2) water quality;
3) water quantity; 4) water temp.;
5) water velocity; 6) cover/shelter
7) food; 8) riparian veq.; 9) space;
10) safe passage

Ocean areas — not identified

1) substrate; 2) water quality:

3) water quantity; 4) water temp.; 5)
water velocity; 6) cover/shelter; 7)
riparian veq.; 8) space; 9) safe passage




Conceptual model: Translation of individual effects
to populations

Sub-lethal effect(s) Lethal effect

Acetylcholinesterase T “ Mortality from mixture toxicity
inhibition |

and disruption of Behavioral B B
olfactory function impact .‘fﬁ

Habitat effect(s) Reduced feeding and growth
Reduction in prey l
availability

Reduced body size

l

: —— life history
Population level consequence(s): specific
Abundance, productivity, :
) : : population
spatial structure, diversity

— models
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Mixture toxicity of organophosphate
Insecticides: Acetylcholinesterase inhibition

Binary Mixtures Predicted Observed

malathion + diazinon additive synergistic ‘f&

malathion + chlorpyrifos additive synergistic

diazinon + chlorpyrifos additive synergistic ‘&
ug/L (ppb) N

Insecticide | EC50| 0.5 0.2 0.05 | LC50 | 1/20 Peak
EC50 | EC50 | EC50 LC50 . ' EECs

diazinon | 1475| 738

malathion | 74.3 | 118.8 3.05 ! 47.2¢
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4 out of 8 fish were listless, rolling , could not orient , loss of equilibrium, no escape response after 24 hrs and continued through 96 hrs.
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