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The Problem of Species Diversity

Most Commonly Reported Aquatic Toxicity Test Records in ECOTOX

2012 Download: Fairbrother, Barron, Johnson 2015



Web-ICE developed to address
problem of species diversity

ICE (Interspecies Correlation Estimation)
• log-linear models of the relationship between the acute toxicity (LC50) of
chemicals tested in two species

Web-ICE
• internet application containing suite of ICE models
• predict acute toxicity to species, genus or family level
• fish/invertebrate/amphibian; algae; wildlife
• modules for SSD generation, batch T&E taxa prediction
• peer reviewed technical basis (publications, SAP)

Regression models built from standardized toxicity values
• chemical identity/purity; CAS/name curation
• water quality, test conditions, species/life stage

2015 Update
• increased taxa diversity
• change from geomean genus/family level models to minimum toxicity models
• ORD website migration (in progress)
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Log-linear models of the relationship between the acute toxicity
(LC50) of chemicals tested in two species

chemicals tested
in trout and salmon

What are ICE models?

Interspecies Correlation Estimation (ICE)
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Select taxonomic model
for Aquatic or Wildlife

Species Sensitivity
Distribution Modules

Endangered Species
Modules



Web-ICE Aquatic Data Sources

EXPERIMENTAL LOG SPECIES CHEMICAL GLOCHIDIA LAB JUVENILE LAB

(>363, 272) (>2.6, 2.4) Lampsilis siliquoidea Lead CERC CERC

(>107, 99) (>2.0, 2.0) Villosa iris Mercury VPI VPI

(>247, 19) (>2.4, 1.3) Lampsilis siliquoidea Cadmium CERC CERC

(>330, 28) (>2.5, 1.4) Lampsilis cardium Cadmium CERC ISU

(31, 23) (1.5, 1.4) Utterbackia imbecillis Cadmium UGA CU

(10, 11) (1.0, 1.1) Lampsilis abrupta Copper CERC CERC

(14, 7.0) (1.1, 0.84) Lampsilis fasciola Copper CERC, Univ. of Guelph, VPI CERC

(12, 9.6) (1.1, 0.98) Lampsilis rafinesqueana Copper CERC CERC

(14, 11) (1.2, 1.0) Lampsilis siliquoidea Copper ASU, CERC, Univ. of Guelph CERC

(57, 13) (1.8, 1.1) Megalonaias nervosa Copper ASU CERC

(23, 25) (1.4, 1.4) Utterbackia imbecillis Copper UGA ASU, CERC, CU, UGA

(11, 7.6) (1.1, 0.88) Villosa iris Copper CERC ARRC, CERC

(411, 200) (2.6, 2.3) Actinonaias pectorosa Zinc VPI VPI

(2779, 182) (3.4, 2.3) Lampsilis siliquoidea Zinc CERC CERC

(724, 250) (2.9, 2.4) Villosa iris Zinc VPI VPI

(6000, 6300) (3.8, 3.8) Lampsilis siliquoidea 2-Propanol NCSU NCSU

(390, 375) (2.6, 2.6) Utterbackia imbecillis Nonylphenol UGA UGA

(5900, 7200) (3.8, 3.9) Lampsilis siliquoidea Glyphosate isopropylamine salt NCSU NCSU

(20750, 10010) (4.3, 4.0) Lampsilis siliquoidea Propiconazole NCSU NCSU

(480, 30) (2.7, 1.5) Lampsilis siliquoidea Pyraclostrobin NCSU NCSU

(72, >100) (1.9, >2) Lampsilis siliquoidea Chlorine CERC CERC

(103, 80) (2.0, 1.9) Epioblasma capsaeformis Chlorine VPI VPI

(1333, 1082) (3.1, 3.0) Utterbackia imbecillis Chlorine UGA UGA

(220, 68) (2.3, 1.8) Villosa iris Chlorine VPI CERC

(544025, 3980000) (5.7, 6.6) Lampsilis fasciola Sodium chloride NCSU, Univ. of Guelph NCSU

(1437900, 3750799) (6.2, 6.6) Lampsilis siliquoidea Sodium chloride CERC, NCSU, Univ. of Guelph CERC, NCSU

(2760000, 4503332) (6.4, 6.7) Villosa constricta Sodium chloride NCSU CERC

(3310000, 5230000) (6.5, 6.7) Villosa delumbis Sodium chloride NCSU NCSU

(13090, 11526) (4.1, 4.1) Lampsilis fasciola Ammonia CERC CERC, VPI

(14793, 18323) (4.2, 4.3) Lampsilis rafinesqueana Ammonia CERC CERC

(19416, 8750) (4.3, 3.9) Lampsilis siliquoidea Ammonia CERC CERC, Purdue Univ.

(8235, 6441) (3.9, 3.8) Utterbackia imbecillis Ammonia UGA CERC, EPA, TVA, UGA

(7619, 9296) (3.9, 4.0) Villosa iris Ammonia CERC, VPI CERC, VPI

(636514, 669666) (5.8, 5.8) Alasmidonta raveneliana Sodium fluoride EPA EPA

(775751, 517168) (5.9, 5.7) Utterbackia imbecillis Sodium fluoride EPA EPA

(164400, >500000) (5.2, >5.7) Lampsilis siliquoidea Perfluorooctanoic acid NCSU NCSU

(16100, >500000) (4.2, >5.7) Ligumia recta Perfluorooctanoic acid NCSU NCSU

(16500, 158100) (4.2, 5.2) Lampsilis siliquoidea Perfluorooctanesulfonic acid NCSU NCSU

(13500, 141700) (4.1, 5.2) Ligumia recta Perfluorooctanesulfonic acid NCSU NCSU

(625, 62) (2.8, 1.8) Lampsilis siliquoidea Fluoxetine hydrochloride NCSU NCSU

(293, 97) (2.5, 2.0) Ligumia recta Fluoxetine hydrochloride NCSU NCSU

(500, 250) (2.7, 2.4) Lampsilis siliquoidea Chlorpyrifos NCSU NCSU

(90, 280) (2.0, 2.4) Lampsilis siliquoidea Chlorothalonil NCSU NCSU

Open-ended value

Multiple Laboratories
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Acute toxicity: fish, amphibians, and aquatic invertebrates
• ECOTOX
• OPP: ecotox database
• OPPT: PMN, HPV
• OW: AWQC
• USGS (RM grant)
• P&G (CRADA)
• Open literature (T&E, molluscs)

QA/QC:
• centralized data management system
• data transcription thoroughly reviewed
• CAS/chemical curation
• species name consistency
• reviewed each source for quality
• duplicate records removed



Data Standardization
Chemical
• CAS/name curation
• single compound tested; a.i. > 90%
• chemical & element specific AWQC normalizations

Species-Specific Test Conditions
• no sed, diet, mixture exposures or phototoxicity results
• ASTM/OCSPP standards or equivalent
• temperature (6 oC range); D.O. (>40-60%); Salinity (FW:<1ppt; SW:>15ppt)

Endpoint = mortality/immobilization
• 24-48 h EC50 – fairy shrimp
• 48h EC/LC50 - daphnids, midges and mosquitoes
• 96h EC/LC50 – fish, amphibians and other invertebrates

Life stage
• fish, decapods: juvenile only
• mollusc: juvenile, spat
• amphibians, insects: immature
• all other species: all life stages except embryo/egg

• T&E listing (ecos.fws.gov/ecos/home.action)



Peer Reviewed ICE Research



Increased taxa diversity and expanded T&E:

• new data developed for mussel and fairy shrimp
(USGS/FWS collaboration (ms accepted, in prep)

• overall: 1.5x records, 1.8x species, 2x models
• T&E: 1.3x records; 1.5x species, 2x models

Genus and family level changed to minimum toxicity models:
• fit to minimum genus or family value (no longer geomean)

Other updates:
•2015 User Guidance, Database Documentation, Bibliography
• new MOA specific models (based on MOAtox v. 1.0)

Updated rules of thumb:
• MSE < 0.95
• R2 > 0.6
• slope > 0.6
• predicted value CI within 10x

Web-ICE 2015 Update (v. 3.3; October)



Web-ICE v3.3: Updated MOA-specific models

• standard ICE models have chemicals of mixed mode of action (MOA)
• MOA-specific models developed using MOAtox (Barron et al. 2015)
• improved prediction accuracy for high taxa distance species pairs
• MOA-specific models downloadable via Web-ICE



Web-ICE October 2015 Update:
increased T&E and taxa diversity

All Species
Web-ICE

Database
Database Attributes Number of models

Records Species Chemicals Species Genus Family
v. 3.3 (2015) 8203 314 1501 1544 854 887
v. 3.2 (2013) 5501 180 1266 780 289 374

U.S. Threatened and Endangered Species
Web-ICE

Database
Database Attributes Number of models

Records Species Chemicals Species Genus Family
v. 3.3 (2015) 1591 32 492 379 428 547
v. 3.2 (2013) 1272 21 449 230 168 267



Web-ICE October 2015 Update:
prediction accuracy; all species models

Cross-validation
results; n>3



Genus and Family Level Minimum Models
Web-ICE v3.3

Genus and Family Level Models:

• used when species-specific ICE models not available
• need to be protective of T&E species within the Genus or Family
• previous ICE models (v. 3.2) based on geomean had limited conservatism
• min models in Web-ICE (v. 3.3)

What are minimum toxicity models:

• use lowest observed LC50 for the predicted taxa
(rather than geomean)

• objective is to provide more conservative estimate
of toxicity to taxa containing listed species

How min models derived:
• fit to minimum measured species toxicity value
within the predicted taxa (genus or family)

• no longer geomean



Trout-Salmonidae Family Level Models

geomean

min model



Web-ICE Prediction to Listed Taxa
using Min Models

Case Study Chems

ATRAZINE

Carbaryl

Chlorpyrifos

COPPER

Cypermethrin

Diazinon

Fipronil

GLYPHOSATE

Imidacloprid

Malathion

Methomyl

Permethrin

Thiobencarb

Case Study Taxa

Acipenseridae

Branchinectidae

Ranidae

Salmonidae

Unionidae

Case Study based on San Francisco Delta (Hoogeweg et al. 2012*):

• 13 priority chemicals
• 5 Families containing listed species
• toxicity predicted to Genus and Family level using Web-ICE (v. 3.3) min models
• selected best model for each species:chemical pair using new rules of thumb
• determined percentage of ICE predicted value protective of listed species

**Pesticide Regulation and the Endangered
Species Act Chap 22. ACS Symposium
Series Vol. 1111



Augmenting species diversity

1985 Freshwater Taxa Requirements (# models predicting to:)

Total

Freshwater

Web-ICE

Species

Models

salmonid

species

any non-

salmonid

fish species

amphibian

species

planktonic

crustaceans

(cladocern,

copepods)

benthic

crustaceans

(ostracod,

isopod,

amphipod,

crayfish,

decapods) insects

non-

arthropoda or

chordata

(rotifer,

annelid) molluscs

v3.3 49 115 17 29 53 34 8 58

v3.2 34 79 3 15 21 21 1 0

Salt Water Taxa (# models predicting to:)

Total Salt Water
Web-ICE Species

Models fish arthropods echinoderms molluscs
polychaetes,
oligochaetes

v3.3 25 24 0 8 2

v3.2 16 12 1 6 0

Comparison of Web-ICE v. 3.3 (2015) and 3.2 (2013)

• selected 10 representative surrogates (e.g., standard test species)
• determined number of models predicting to specific taxa groups

Surrogate

Americamysis bahia
Ceriodaphnia dubia

Cyprinodon variegatus
Daphnia magna

Hyalella azteca
Ictalurus punctatus

Lampsilis siliquoidea

Lepomis macrochirus

Oncorhynchus mykiss

Pimephales promelas
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Estimating Taxa Toxicity using Web-ICE
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Direct toxicity estimation:
• estimation at species, genus, or family level
• model statistics/uncertainty
• cross validation, taxonomic distance
• single surrogate or multiple surrogates (best estimate)

43NOEC (ug/L)
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Pink shrimp (Panaeus dourarum)
American eel (Anguilla rostrata)

Shiner perch (Cymatogaster aggregata)
Rainbow trout (Oncorhynchus mykiss)

Chinook salmon (Oncorhynchus tshawytscha)
Dwarf perch (Micrometrus minimus)

Guppy (Poecilia reticulata)
Mysid (Americamysis bahia)
Atlantic silverside (Menidia menidia)
Isopod (Asellus brevicaudus)
Striped killifish (Fundulus majalis)

Bluehead (Thalassoma bifasciatum)
Sand shrimp (Crangon septemspinosa)

Mayfly (Ephemerella grandis)
Green sunfish (Lepomis cyanellus)
Grass shrimp (Palaemonetes pugio)
Mummichog (Fundulus heteroclitus)
Sheepshead minnow (Cyprinodon variegatus)
Coho salmon (Oncorhynchus kisutch)
Korean shrimp (Palaemon macrodactylus)

Threespine stickleback (Gasterosteus aculeatus)
Bluegill (Lepomis macrochirus )

Hermit crab (Pagurus longicarpus)
Striped bass (Morone saxatilis)
Grass shrimp (Palaemonetes kadiakensis)
Fathead minnow (Pimephales promelas)
Striped mullet (Mugil cephalus)
Stonefly (Pteronacys californica)

Eastern oyster (Crassostrea virginica)
Northern puffer (Sphaeroides maculatus)

Stonefly (Pteronacys californica)
Goldfish (Carassius auratus)

Grass shrimp (Palaemonetes vulgaris)
Water flea (Daphnia carinata)

Water flea (Simocephalus serrulatus)
Water flea (Daphnia pulex)

Scud (Gammarus lacustris)
Scud (Gammarus faciatus)

Crayfish (Orconectes nais)

Mysid (Americamysis bahia)
Scud (Gammarus faciatus)

Stonefly (Pteronarcella badia)
Brown trout (Salmo trutta)

Stonefly (Pteronacys californica)
Shortnose sturgeon (Acipenser brevirostrum)

Brook trout (Salvelinus fontinalis)
Atlantic salmon (Salmo salar)

Coho salmon (Oncorhynchus kisutch)
Chinook salmon (Oncorhynchus tshawytscha)

Lahonatan cutthroat trout (Oncorhynchus clarki henshawi)
Largemouth bass (Micropterus salmoides)

Midge (Chironomus tentans)
Apache trout (Oncorhynchus apache)
Cutthroat trout (Oncorhynchus clarki)
Fountain darter (Etheostoma rubrum)

Lake trout (Salvelinus namaycush)
Spotfin chub (Cyprinella monacha)

Aquatic sowbug (Asellus brevicaudus)
Water flea (Daphnia magna)

Rainbow trout (Oncorhynchus mykiss)
Cape fear shiner (Notropis mekistocholas)

Greenback cutthroat trout (Oncorhynchus clarki stomais)
Greenthroat darter (Etheostoma lepidum)

Yellow perch (Perca flavescens)
Bluegill (Lepomis macrochirus )

Razorback sucker (Xyrachen texanus)
Common carp (Cyprinus carpio)

Eastern oyster (Crassostrea virginica)
Mosquitofish (Gambusia affinis)

Green sunfish (Lepomis cyanellus)
Southern leopard frog (Rana sphenocephala)

Channel catfish (Ictalurus punctatus)
Goldfish (Carassius auratus)

Sheepshead minnow (Cyprinodon variegatus)
Black bullhead (Ameiurus melas)

5th percentile:

Measured: 0.91

ICE: 1.7 ug/L

all measured
LC50s (AWQC)

LC50 (ug/L)
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(one LC50
measured;

22 ug/L)

SSD approach:
• Hazard Concentration (HC1, HC5)
• single surrogate or multiple surrogates (augmentation)



SSD Approach

Rare species similar sensitivity as non-listed species

• species composition affects HC5 more than geography/habitat of assemblage

Raimondo et al. 2008

• HC5s and HC1s lower than 97 and 99.5% of listed species LC50s

• HC5s less than levels derived from 10x safety factors for rainbow trout

• SSD generally protective of listed species



Web-ICE SSDs vs measured

Single surrogate ICE generated SSDs

• 55 AWQC chemicals (Dyer et al. 2008)

• HC5s within 10x of measured

• within taxa surrogates (fish to fish; invert to invert)

Multiple surrogates

• augment species diversity

• > 90% within 5 fold (Awkerman et al. 2014)

• accuracy affected by species composition, MOA



Calculates hazard level
confidence interval

Unclick boxes to
exclude species

Simultaneously calculates
toxicity & confidence intervals

from all available models

Web-ICE v3.3 SSD Generator



Summary

• NRC (2013) recommended ICE models as alternative to generic safety factors

• Web-ICE platform: data, models, modules for SSDs and T&E extrapolation

– models for 250 U.S. federally listed T&E; 120 surrogate species

– most models predict to genus and family

– mollusc models expand family level predictions to 87 unionids

– SSD generation additional approach for T&E protective levels

• peer reviewed technical basis (journal articles; FIFRA Science Advisory Panel)

• Web-ICE toxicity estimates and ICE-SSD HCs demonstrated high accuracy for
closely related taxa (within same order)

• Web-ICE toxicity extrapolation: increase taxa diversity in SSDs for development
of AWQC with reasonable uncertainty



www.epa.gov/ceampubl/fchain/webice/

QUESTIONS?


