
Prioritizing Research Needs for Threatened and Enda ngered Species in California Watersheds

Abstract
A decline in pelagic species in the San Francisco Bay Delta region has led to speculation as to
whether contaminants may be playing a role. A weight-of-evidence analysis was conducted to
rank the relative risk potential for pesticides to impact threatened or endangered species in the
Sacramento River, San Joaquin River, and Bay-Delta estuary watersheds. The study utilized
monitoring data, simulation modeling, and GIS to address the co-occurrence of 40 widely used
herbicides, fungicides, and insecticides to 12 aquatic and semi-aquatic species, including
Chinook Salmon (Oncorhynchus tshawytscha), Central Valley steelhead (O. mykiss), southern
North American Green Sturgeon (Acipenser medirostris), Delta smelt (Hypomesus
transpacificus), Striped Bass (Morone saxatilis), San Francisco Longfin Smelt (Spirinchus
thaleichthys), Threadfin Shad (Dorosoma petenense), California Red-legged Frog (Rana
draytonii), and the California Freshwater Shrimp (Syncaris pacifica). Pesticide application sites
represented in model simulations included fruit, vegetable, grain, nuts, rice, landscape
maintenance, and structural applications. Daily pesticide concentrations were predicted at the
PLSS section level from runoff, erosion, and drift sources. An co-occurrence matrix approach
was developed to evaluate the spatial and temporal co-occurrence of pesticides and species.
Areas of highest potential concern were located along the main branch of the Sacramento River,
the northern part of the Delta region, and the southern part of the Delta in San Joaquin County.
A few small clusters of high co-occurrence values were predicted along the Sacramento River
Deep Water Ship Channel and in southern Butte County along the Feather River. Monitoring is
sparse in a number of these and lesser areas of potential concern. The results of this study can
be used to support current and future monitoring programs by strategic placement of sampling
locations and frequency. Ultimately, it is hoped that this project will improve decision making and
optimize resource spending of groups seeking to improve the long-term sustainability of these
aquatic habitats.

Rich Breuer1, Debra Denton2, Marty Williams3, Gerco Hoogeweg3, and Minghua Zhang4

1DWR, Sacramento, CA, 2USEPA, Sacramento, CA, 3Waterborne Inc., Leesburg, VA, and 4UC Davis, Davis, CA. Contact E-mail: williamsm@waterborne-env.com

Introduction
A main objective of this study was to
determine potential areas where both
species of concern and pesticides in
surface water co-occur. Ten years
(2000 to 2009) of daily mass loadings
were simulated  for 40 chemicals in a
164,000 km2  area of California’s
Central Valley. Model input included
historical pesticide use data from the
California Department of Pesticide
Regulation’s Pesticide Use
and Registration database, daily
weather data from 19 stations in
the California Irrigation Management
Information System, detailed soils
information from the USDA NRCS,
and high-resolution land use data from
the California Farmland Mapping &
Monitoring Program. Pesticide
applications represented in the
simulations included treatments to
fruit, vegetable, grain, nuts,
rice, landscaping, and structures.

Agricultural Modeling
The PRZM model was used to estimate mass loadings
from agricultural areas. Unique modeling scenarios were
developed for each PLSS section based on a combination
of crop, SSURGO soils and  CIMIS climate using
elements from EPA's standard scenarios. Historical
application data for 40 pesticides were obtained from the
CA PUR database  which resulted in over 6.7 million
applications modeled for agricultural crops.

Rice Paddy Modeling
For seven commonly used pesticides on rice, mass
loadings from rice paddies were simulated using the
RICEWQ model. Model scenarios were developed using a
schedule of agronomic practices that are typical of
California. Using this approach 2.2 million applications
were simulated.

Urban Modeling
Historical application data for four urban
pesticides from the CA PUR database were used
to estimate mass loadings from urban area with
the PRZM model. Six different urban modeling
scenarios were developed to account for home
owner, structural and landscape use. 143,000
county level applications were simulated.

Drift Modeling
Mass loading contribution from drift were estimated using
a linear equation that accounted for the type of application
(aerial or ground), area treated, length and width of
streams.

Species Distribution
As part of the co-occurrence assessment, nine federally
or state threatened or endangered species were selected.
The nine species represent essentially 12 unique aquatic
species population becuase four different salmon runs
were included. For each species monthly presence and
absence maps were created.

Water Quality Monitoring
Historical water quality monitoring data were collected for
250+ monitoring stations in the study area. For each of
these stations the number of monitored chemicals was
determined, the number of samples collected, and the
frequency that samples exceeded the set benchmarks.

Toxicity Benchmarks
For each pesticide considered in the co-occurrence
assessment, a toxicological threshold (benchmark) was
produced.  Where available, the benchmark was based on
USEPA-OPP's most sensitive acute aquatic toxicological
benchmark.  An additional safety factor of 10 was applied
to achieve OPP's level of concern for threatened and
endangered species.

Co-Occurrence
A co-occurrence methodology, the Co-occurrence matrix, was developed that
combined the percentile ranking of the species richness and indicator days. The
advantage of using percentile levels is that are it positions the fractions for any
location and month within all possible options. The 10th, 20th, …. , 90th, 100th
percentile values were determined for all PLSS sections and months.

The species richness was expressed as the number of species present during a
given month divided by the maximum number of species (12) considered in this
assessment.

An indicator day is a day during which at least one pesticide exceeded the set toxicity
benchmark. Exceedances were based on simulation modeling.

Results
The 9,115,000 modeled applications represent a total
applied mass of 98,279,000 lbs of active ingredient
(a.i.) for the 40 chemicals considered in this study.
Approximately 14.2% of the applied amount was
predicted to reach surface waters via runoff, erosion,
drift, and discharge.

Conclusions
Based on this simulation modeling study, co-occurrence assessment of pesticide
concentrations in surface water and species richness it was concluded that:
� 14.2% of the applied pesticide mass was predicted to reach surface waters via
runoff, erosion, discharge and drift.

� Areas with the highest species richness are the Delta Estuary and the
Sacramento River.

� Areas with very high co-occurrence (exceeding the 90th percentile values for
species richness and indicator days) of pesticides in surface water and species
richness are present in the southern Delta Estuary in San Joaquin County,
scattered small regions in the Northern Delta Estuary in Sacramento County and
in western Yolo County.

� Areas with high co-occurrence (exceeding the 80th percentile values for species
richness and indicator days) are present in cluster scattered on the outskirts of the
main agricultural areas in the Sacramento River and San Joaquin River
Watershed and in the northern section of the Bay-Delta Watershed.

� At least 11 regions in the study area require monitoring for the pesticides
considered in this study.

� At least four regions in the study area require additional monitoring for pesticide.

Concentrations in Surface Water
On a daily basis, pesticide mass loadings were mixed in
surface water bodies with a fixed volume. The surface
water volume was based on the stream order and
streams/ditches were assumed to have a fixed geometry.
For each PLSS section in the study area the total water
volume was calculated.

Mass Source
Total Mass 
Loss (Lbs)

%  of Total 
Loss

%  of 
applied

Drift 695,687 4.98% 0.70%

Erosion 619,196 4.43% 1.10%

Rice 
discharges 606,139 4.34% 1.50%

Runoff 12,045,057 86.22% 21.30%

Urban 

Runoff
1

4,711 0.03% 0.38%

Total 
Loading 13,970,884 14.20%

Co-occurrence assessments at the 80th and 90th percentile (worst case)  levels
show that several regions in the study are of potential concern due to lack of
monitoring sites or due to insufficient monitoring.
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Collaborating Agencies: CA DWR, CA DPR, CVRWQCB, SWRCB, USDA-ARS, USDA-NRCS, USGS, EPA R9, NOAA-NMFS, TDC Environmental, Inc, US Davis, Cramer Fish Sciences, and Waterborne Environmental, Inc.
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