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Riparian zones of Pacific Northwest forests have high species diversity and 

abundance and act as an important interface between the aquatic and terrestrial 

ecosystems. In addition, riparian zones comprise a significant portion of the total buffer 

zone established during commercial forest production to protect aquatic ecosystems from 

adjacent management activities. Riparian soil invertebrates indigenous to Pacific 

Northwest forest ecosystems were chosen to investigate impacts from herbicide use. 

Species chosen for toxicity testing inhabit riparian zones ofwestern Oregon Forests and 

were collected from the field. The species tested included; two ground beetles, 

Coleoptera; Carabidae, (Pterostichu inanis) Hom, and, (Scaphinotus marginalus) Fisher; 

an isopod (Ligidium sp); and a millipede (Harpaphe haydeniana haydeniana) Wood, 

Polydesmida; Xestodesmidaie. The formulated product ofa herbicide widely used in 

western Oregon forests, Garlon 4, and a specialty formulation ofGarlon 4, (XRM-4714 

Blank) without the active ingredient triclopyr, were applied via a cabinet sprayer to a soil 

surface in accordance with a standard soil test method. At the recommended field rate of 

4.48kg/ha, the isopod displayed significant mortality after 7-Day exposure, however the 

other four species were unaffected. The order of susceptibility based on 14-Day LC50 



estimates, (kglha), for these four species was, P. inanis (38.6) >S. marginalis (34.2) > H 

haydeniana (5.1) >Ligidum sp (4.7). The isopod and millipede species exposed to the 

Garton 4 blank formulation for fourteen days resulted LCso estimates twice and nine

times higher than from the formulated product, respectively. The potential for this data in 

estimating the Hazardous Concentration to 5% of the species in the riparian forest 

community is also discussed. 
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Susceptibility of Riparian Soil Invertebrates to the Herbicide Triclopyr 

CHAPTER 1 Introduction 

1. BACKGROUND STATEMENT 

The use ofpesticides in commercial timber production is a current practice 

common to both public and private lands. Since the 1960's, the chemicals used in the 

forest and the rules concerning their use have evolved. Historically, the potential side

effect of most concern resulting from pesticide use in forestry has been the potential 

hazard to human health (Green 1982, Freedman 1990, Glover 1994). This was 

particularly true of phenoxy herbicides during the 1970's, (Green 1982) and resulted in 

an investigation by the EPA of abortion rates in western Oregon (US EPA 1979). As 

research in the field of pesticide toxicology developed, and adjustments in regulatory 

policy have been made, human health risks associated with pesticide use have been 

reduced. More recently environmental impacts arising from herbicide use in forestry 

have become an issue of public concern (Freedman 1990, Glover 1994). 

Herbicide and insecticide use is an approved and effective tool in timber 

production (Munson et all993, Campell1991). Herbicide use in forestry is most often 

targeted towards rights-of-way shrub control and in management of timber productivity 

within harvested units (Williamson 1985, Miller 1988). In timber production, herbicide 

use is designed to release conifer seedlings from competition with faster-growing weeds 

and shrubs. This use has two beneficial results. First, in the Pacific Northwest, the 

practice is estimated to shorten the 40-50 year re-growth time of a harvest unit by 4-5 
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years. Secondly, the life-long growth curve of conifers is steeper for tress free from 

competition as seedlings compared to those that experience even 1-2 years of early life 

competition. Thus, significant economic benefits arise from the use ofherbicides in 

timber management. 

Most of the chemicals applied in forest practices are herbicides sprayed in 

previously harvested areas as a part of the replanting strategy. In Western Oregon 

forests, herbicide applications typically occur only twice during the 40-50 year harvest 

life of the stand. Generally, these applications take place once in the spring, and again in 

the fall, during the first year after replanting (UAP Pacific 1998). Spring applications are 

directed towards control ofherbaceous weeds to prevent competition with replanted 

seedlings. This strategy is known as conifer release. This is typically accomplished with 

soil active herbicides, such as sulfon ureas', hexazinone, or atrazine, but may also be used 

in combination with foliar active herbicides. Fall applications usually occur in the first or 

second year after replanting, or prior to replanting. Fall applications often target woody 

plants with ingredients such as triclopyr or atrazine. Soil-active herbicides may be used 

in the fall as well, particularly those with longer half lives, to reduce weed growth in the 

following spring (UAP Pacific 1998). 

In Oregon, insecticides are used far less often than herbicides and are not a 

regular part of timber management plans. Insecticide use in forestry is directed in 

response to pest outbreaks, namely Western Spruce Budworm, Choristoneura 

occidentalis (Lepidoptera: Tortricidae) and Tussuck Moth, Euproctis pseudoconspersa 

(Lepidoptera: Lymantriidae), (Norris et al1989). Estimates ofherbicide use within the 
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26 million forested acres of Oregon ranged from 1 00-125 thousand acres per year (Mike 

Newton, personal communication). 

The Oregon Forest Practices Act, and subsequent Administrative Rules, outline 

policies and rules to be followed for timber production on both public and privately 

owned lands in Oregon (Oregon 1997). Included within the Act, is the Chemical Rule, 

629-24-200. This rule provides guidelines for mixing chemicals; assigning widths of 

untreated buffer strips for streams, lakes, and wetlands; determining proper weather 

conditions for spraying; and procedures for notification of small community watersheds. 

The Chemical Rule also requires written notification to the Oregon Department of 

Forestry, two weeks prior the to application date, outlining the details of the pesticide 

application. These records are on file, but have not been summarized to estimate 

statewide forestry pesticide use. The Oregon Department ofForestry is responsible for 

enforcing the regulations outlined in the Forest Practices Act. The use ofchemicals in 

forestry may also require the written notification of several other state agencies (Oregon 

1997). These agencies include the Department of Agriculture, Department of 

Environmental Quality, Water Resources Department, and the Department ofFish and 

Wildlife. Notification of these additional agencies is required in order to ensure 

protection ofwater resources within the state, particularly for the protection of aquatic 

biota and preservation of drinking and irrigation water. 

In addition to the Oregon Forest Practices Act, federal regulations apply to 

federally owned lands and may require different forest management practices. Federally 

owned land accounts for 57% of the 26 million forested acres of Oregon. Norris et al 

(1989) reviewed forestry pesticide use nationwide on lands coordinated by the US Forest 
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Service. Picloram and 2,4-D accounted for about 70% of the herbicides applied from 

1979-1981, but their use has been displaced by the more recent introduction of 

hexazinone, triclopyr, and glyphosate. These latter three herbicides accounted for more 

than 75% ofall herbicides used between 1987- 1989 on federal lands. Insecticide use 

consisted mainly ofmalathion and carbaryl from 1979-1985, with azinphos-methyl and 

Bacillus thuringiensis use occurring more recently (Norris et al 1989). 

The Pacific Northwest Region of the US Forest Service conducted a 

comprehensive review ofherbicide use in forestry in which 16 herbicides were 

considered (US Forest Service 1988). Twelve ofthe chemicals reviewed were proposed 

for use on less than 5% of the total acreage treated. Only 2,4-D, glyphosate, picloram 

and triclopyr were prescribed for use in larger proportions with 2,4-D potentially 

accounting for up to 3 8% of the total acreage treated (US Forest Service 1988). Since 

that time, two of the herbicides listed in the review, dalapon and 2,4-D,P, no longer have 

active registration status (Pestbank 1988). In addition, the development of sulfometuron 

methyl, metsulfuron methyl, imazapyr, and clopyralid products have been approved for 

use in forestry and tested in the field (UAP Pacific 1998, Newton 1998). The following 

list, Table I, provides a general summary of the actively registered herbicides that are 

used in forestry in the Pacific Northwest: 

Table 1 Actively registered herbicides used in Pacific NW forest production. 

2,4-D amitrole asulam 
atrazine bromacil clopyralid 
dicamba diuron fosamine 
glyphosate hexazinone imazapyr 
metsulfuron methyl picloram stmazme 
sulfometuron methyl tebuthiuron triclopyr 
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A review ofecological toxicity values and forestry use estimates was conducted 

for each chemical listed above as a part of this thesis. Only four ofthe active ingredients 

listed above, 2,4-D, glyphosate, picloram, and triclopyr are considered major forest use 

pesticides (US Forest Service 1988, Newton 1998), with the others accounting for less 

than five percent of total federal acreage treated (US Forest Service 1988). Further non-

target toxicity testing was considered only with herbicides in this 'major-use' category. 

In conjunction with use estimates for NW forest herbicides, a ranking ofthe 

toxicity values associated with each active ingredient was then evaluated. Previous 

toxicity testing on terrestrial invertebrates for these four herbicides was only reported for 

glyphosate (British 1997). That report also indicated no effect on Carabid beetles except 

Bembidion Lampros sp. The available invertebrate toxicity data for these four herbicides 

was limited to honey bee and aquatic daphnia tests. A comparison of invertebrate 

toxicity test is reported below for the four major use herbicides. 

Table 2. Invertebrate LDso and LCso estimates for maior use forest herbicides. 

Herbicide Honeybee LDso (ug/bee) Daphnia LCso (mg/1) 
2,4-D 104.5 235 
Glyphosate >1 00 780 
Triclopyr 60.4 133 
Picloram >1000 50.7 

Data taken from British 1997, except triclopyr honeybee is from Tomlin 1997. 

Of the four herbicides listed in Table 2, triclopyr had the lowest reported LC50 estimates 

for honeybee. Picloram was the most toxic of the herbicides to the aquatic crustacean, 

Daphnia. In addition, a combined comparison of both invertebrates based on rank score 
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indicates triclopyr was the most toxic herbicide overall. This review indicates that further 

toxicity testing should begin with the herbicide triclopyr. 

2. LITERATURE REVIEW 

2. 1. Introduction 

An extensive literature review was conducted for this thesis on several topics 

relevant to evaluating the potential ecological impacts oftriclopyr use in forestry. A 

majority of the published references concerning triclopyr are directed towards human 

health concerns. Beside a few acute toxicity values for rodents that are reported, most 

human health directed references are not included in this review. In addition, references 

describing the efficacy of triclopyr in controlling various herbaceous pests were likewise 

not reviewed. The references reported here are limited in scope to those addressing the 

general goal of assessing disturbance to ecological function. An effort was made to 

incorporate references from both in-field and laboratory experiments. Particular attention 

was paid to riparian habitats and the role that invertebrates play in overall ecosystem 

function. 

2. 2. Chemical Monitoring 

Evaluation of pesticide use in forestry has traditionally been based on chemical 

monitoring, and may involve both laboratory and field-based testing. Certain laboratory 

tests on environmental fate are required by the US Environmental Protection Agency for 

pesticide registration. These include analysis of hydrolysis, photodegradation, aerobic 
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and anaerobic metabolism in soil and water, sorption, volatility and in-field dissipation 

(Federal Register 1988). It is the responsibility of the pesticide manufacturer to meet 

these data requirements during the registration process. In addition, several field studies 

have been conducted to describe triclopyr fate and behavior in forested landscapes. 

One of the earliest and most comprehensive reviews of forest pesticides was 

conducted by Ghassemi et al (1981) under sponsorship from the US EPA. This report 

covered 18 pesticides and cited published literature, governmental documents, and non

published literature, including files from EPA's Ecological Effects Branch and data 

provided directly from the Dow Chemical Company. In this review, triclopyr was 

described as having very low volatility, minimal hydrolysis after 9 months at pH values 

ranging from 5-7, a photodegradation half-life of 1 0 hours in water, rapid and reversible 

adsorption indicating low to intermediate mobility, and rapid microbial degradation with 

an average soil half-life of46 days. 

Field testing typically involves sampling soil, water, or biological media and the 

quantification of detectable residues associated with that medium after application. This 

approach has been used in several studies investigating triclopyr use in forestry in the 

Pacific Northwest (Norris 1981, Norris et al1987, Newton et all984, 1990). Norris et al 

(1987) sampled water for a year following application downstream from two small 

watersheds that had been aerially treated with triclopyr salt. Sampling was more intense 

immediately after application and during the first rainfall events following treatment. The 

highest triclopyr concentrations in stream water occurred 20 hours after treatment, at 

95ug/L, with subsequent rainfall yielding maximum concentrations of 12 ug/L. 
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Newton et al (1990) observed triclopyr ester concentrations in soil and litter after 

helicopter application to test grids at two field rates in southwestern Oregon brushfields. 

Initial concentrations in the litter layer were 55±47 and 53±23 mglkg after application of 

triclopyr ester at 1.65 and 3.3 kg/ha, respectively. Soil concentrations at depths from 0

60cm, 37 days after application, averaged 0.45 and 0.73 mg/kg, at the low and high 

application rates. 

Leachability, persistence, and lateral movement of triclopyr ester were evaluated 

in two Canadian forest soils types by Stephenson et al (1990). Triclopyr esters half-lives 

were estimated at 2 weeks for both soil types, despite the substantial difference in percent 

organic matter. Ninety-percent dissipation was found at 4 weeks in both soils, however 

no further significant change in dissipation was detected after 48 weeks. Recovery of 

triclopyr residues from soil indicated that 90% of the applied material was present in the 

surface organic layers, with 97% recovery possible if sampling occurred to a depth of 

15cm. Leaching of triclopyr 7 days after heavy rainfall was less than 6 uglkg soil at a 

depth of25-30 em. Lateral leaching oftriclopyr measured in runoff water downslope 

indicated <1 ug/L triclopyr ester present in runoff over 105 days post treatment. The 

authors concluded that minimal leaching and lateral movement of triclopyr was observed 

in response to rainfall events (Stephenson et al 1990). 

2. 3. Biological Monitoring 

In addition to chemical monitoring, toxicity tests or bioassays are needed to 

evaluate the toxicity of a pesticide to a particular organism. Traditional ecological risk 

assessment techniques depend upon both chemical monitoring and biological toxicity 
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testing (Suter 1993). The US EPA requires testing of non-target organisms when 

manufacturers register a new pesticide, including tests on mallard or bobwhite quail, 

rainbow trout, honeybees, terrestrial and aquatic plants, freshwater invertebrates, and 

marine organisms (Federal Register 1988). These are standardized toxicity tests with 

species of organisms that have been cultured in the lab. These tests minimize variation 

within and between experiments, thereby increasing the confidence associated with a 

given toxicity estimate. However, standardized toxicity tests with cultured organisms 

lack environmental realism and are less useful in predicting effects in the field (Stark et al 

1995). In addition, field studies involving the chemical and species of concern can be 

valuable in estimating the risk associated with a given activity. However, field tests are 

rarely reported in the literature and then are only available for a limited number of 

habitats and may suffer from dependence upon local conditions. Extrapolation or 

generalization ofeffects from one field site to another is therefore impractical in many 

circumstances. Table 2 provides a summary of triclopyr ecological toxicity studies, 

subdivided according to the type of experiment, field or laboratory. Laboratory studies 

were additionally sub-divided according to the method of data reporting. 
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Table 3. Ecological Toxicity Data. 

A. Reported LC50 values (mg/1) after triclopyr exposure for aquatic species. 

Taxonomic Species Reference Endpoint LCso Exposure 
Groul! {mgill Period 
Frogs 	 Rana pipiens Berril1994 Mortality 1.2 48hr 

Rana c/amitans Mortality 0.6 48hr 
Rana catesbeana Mortality 1.2 48hr 

Trout 	 Oncorhynchus mykiss Servizi 1987 Mortality 2.2 96hr 
Onchorynchus mykiss Morgan 1991 Mortality 2.4 96hr 
Onchorynchus mykiss Kreutzweiser 1994 Mortality 0.79 24hr 

Bluegill 	 Lepomis macrochirus Ghassemi 1981 Mortality 148 96hr 
Salmon 	 Oncorhynchus mykiss Wan 1991 Mortality 1.9 96hr 

Oncorhynchus kisutch Mortality 2.3 96hr 
Oncorhynchus gorbuscha Mortality 1.1 96hr 
Oncorhynchus nerka Mortality 1.3 96hr 
Oncorhynchus nerka Servizi 1987 Mortality 1.4 96hr 
Onchorynchus kistuch Johansen 1990 Mortality 0.42 96hr 

Behavior 0.10 

Algae 	 Selenastrum capricornutum British 1997 Mortality 45 Sdays 

Crustacean Daphnia magna Gersich et al 1984 Mortality 1170 48hr 
Crustacean Daphnia magna British 1997 Mortality 33 48hr 
Crustacean Daphnia pulex Ghassemi 1981 Mortality 1.2 96hr 
Oysters Crassostrea gigas Mortality 56-87 48hr 
Shrimp Atemia salina Mortality 895 96hr ..... 

0 



Table 3. Ecological Toxicity Data (continued). 

B. Reported LD50 values (mg/kg) after triclopyr exposure for terrestrial species. 

Taxonomic Species Reference Endpoint 
Groun 
Rat-male n.r. Ghassemi 1981 Mortality 
Rat-female n.r. Mortality 
Guinea Pig n.r. Mortality 
Rabbit n.r. Mortality 
Mallard Duck Anas p/atyrhynchos Mortality 
Quail Coturnix japonica Mortality 
Quail Co/inus virginianus Mortality 

LDso 
(mglk2) 

577 
69 

310 
550 

>5000 
3278 
2935 

Exposure 
Period 

n.r. 
n.r. 
n.r. 
n.r. 
n.r. 
n.r. 
n.r. 

Plants Rubus hispidus Morash 1988 Seed-
Rubus strigosus Germination 

10 (seed weight) 
10 

n/a 

Birds (Poe12.hila gMttata) Holmes et al 1994 Mortality 
(n.r.- data not reported) 

800 (offeed) 8days 

-
-




Table 3. Ecological Toxicity Data (continued). 

C. Field Toxicity Experiments with Triclopyr. 

Organisms Investigated 	 Reference Endpoints/ Observations 

Earthworms 	 (Aporrectodea turgida) Potter 1990 After 0.56 kg/ha spray application ofGarlon 3A to turfgrass 
(Aporrectodea trapezoides) plots (2.1 x 3.1m) no significant difference in earthworm 
(Lumbricus terrestris) abundance or diversity was observed. 
(Eisenis sp.) 

Birds (Various non-game birds) Schulz 1992 No treatment effects from aerial triclopyr applications, 2.2 
kg/ha, were seen in total bird density, species diversity or 
species richness when monitored 5-6 years post-application 
in a cross timbers rangeland of Oklahoma. However, species 
composition varied considerably between treatments, and 6 
out of 7 most abundant species were correlated with habitat 
variables. Thus, changes in habitat type resulted in changes 
in species composition among treatments. 

Benthic Invertebrates- various Maloney 1995 Total abundance and taxonomic richness based on indexes 
showed no detectable effect after aerial application of triclopyr 
at 3 L/ha. 

-N 
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2. 4. Riparian Zones 

One particular habitat of concern in Pacific Northwest forests is the riparian zone. 

Riparian zones are defined by Gregory et al ( 1991) as three-dimensional area of direct 

interaction between terrestrial and aquatic ecosystems. Riparian zones are considered 

important habitats by biologist and regulators alike, and as such are regulated by the 

Oregon Forest Practices Act (Oregon 1997). As describe above, the majority of the 

regulations concerned with forest use pesticides are targeted at water quality issues, either 

from a wildlife, particularly fish, or a human health standpoint. However, stream banks 

or riparian zones are also important locations for assessment of chemical impacts. 

In-stream communities have numerous links with, and requirements of, the 

adjacent terrestrial habitat (Vannote, 1980, Gregory 1991). These links include; 

alteration of the microclimate (light, temperature, humidity) (Gregory et al 1991 ), 

changes in dissolved nutrients (Lickens & Bormann 1995), deposition ofallochthonous 

material (Harmon et a1 1986), deposition or erosion of soil and gravel (Harmon et a1 

1986, Gregory 1991), and service as a filter for sediments (Karr & Schosser 1978), 

fertilizer runoff (Lowrance et al 1984), and herbicides (Paterson & Schnoor 1992, 

Lowrance et al 1996). Aquatic-terrestrial interactions become more closely linked in 

lower order or ephemeral streams, common in Oforested landscapes. As a result of 

increased shading and allochthonous input, reflected in a depression of the primary 

production I respiration ratio, a stream community has even greater dependence on the 

adjacent riparian zone in smaller streams than in larger ones (Vannote 1980). 
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Terrestrial as well as aquatic impacts must also be assessed to adequately address 

ecological impacts in streams. Recent reports concerning the distribution and feeding 

habits of several riparian organisms highlights the connectedness between aquatic and 

terrestrial ecosystems. In particular, almost all aquatic insects require terrestrial habitats 

during some stage of their life cycle, and the type and degree of this requirement has been 

used to suggest evolutionary relationships between taxa (Wallace & Anderson 1996). 

More recently, trophic linkages between instream and terrestrial habitats have been 

realized (Meehan 1996, Wipfli 1997, Hering & Platcher 1997), and are reviewed briefly 

below. 

For example, in a 3-year study conducted on 8 different Oregon streams, Meehan 

(1996) found that Collembola accounted for 6.1% of the stomach contents on juvenile 

Coho Salmon (Oncorhynchus kisutch). In addition, that report described 

macroinvertebrate diversity found in various sampling techniques. Collembola account 

for less than 1% in drift or benthic samples, but over 30% of floating trap techniques 

which caught only things falling into the stream. This indicates a terrestrial origin for the 

Collembola found in salmon stomachs. A similar study supporting this conclusion was 

conducted in small streams of old growth forests in Southeast Alaska. There, Wipfli 

(1997) found that 'terrestrial-derived' invertebrates were "equally important prey" as 

'aquatic-derived invertebrates' in the diet ofjuvenile coho salmon, cutthroat trout 

(Oncorhynchus clarki), and Dolly Varden (Salvelinus malma). Thus, examination of 

riparian terrestrial arthropods can be informative in understanding the diet in-stream 

fishes such as salmon. 
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A higher diversity of species is suggested in riparian zones due to diverse habitats, 

unique microclimates, and frequent disturbance. In vegetation stands of Oregon's 

McKenzie river valley ranging in age from recently harvested to old-growth, riparian 

communities contained approximately twice the number of species observed in upslope 

communities (Gregory et al1991). The increased abundance ofmost species in the 

riparian zone is supported by a 2-year pitfall trapping study of forest soil arthropods 

conducted by Moldenke (1997). They found that 49 ofthe 52 different arthropod species 

identified in the upslope areas, from both clear-cut and forested sites, were also found in 

the riparian zone. Furthermore, those 49 species in the riparian zone were all more 

abundant than in upslope regions. 

Several families of ground beetles are known to inhabit streambanks. In 

particular, the carabid beetles show higher abundance in riparian zones (Thiele 1977, 

Hering & Platchter 1997). The higher humidity of riparian habitats prevented desiccation 

in sensitive egg and larval stages to a Bembidiini sp. (Coleoptera: Carabidae) (Andersen 

1985). In addition, tolerance to flooding has been suggested as one evolutionary 

adaptation of carabid beetles (Arens & Bauer 1987 ). Arens and Bauer ( 1987) showed 

the Carabid beetle Blethisa multipunctata (L.) was capable of staying submerged for two 

hours and that they exploited a physical gill to increase oxygen exchange (Arens & Bauer 

1987): In a predation study within a German alpine floodplain, Hering & Platcher 

(1997) found aquatic invertebrates ranged from 34 to 89% of the potential prey items 

available to ground beetles living there. Differences in abundance of food sources along 

the shoreline of small and large streams were correlated to surface drift (Hering & 

Platcher 1997). Emerging aquatic insects and terrestrial immigration into the riparian 
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zone were sources of the remaining prey items found in that study, but were not 

responsible for explaining the differences in abundance. 

Thus, riparian zones are areas abundant with representatives of the overall forest 

invertebrate community, sources ofnutrients and food sources for stream organisms, and 

unique habitats with functions important in maintaining in-stream health and water 

quality. In addition to their role as an aquatic-terrestrial link, invertebrates have also 

been shown to be important in the functioning of strictly terrestrial ecosystems. In 

agricultural soils in particular, the role of soil arthropods in the proper functioning of soil 

communities is well described. 

2. 5. Soil Invertebrate Ecology 

Soil animals play important roles in the functioning of soil ecosystems (Coleman 

& Crossley 1996, Killham 1994, Verhoef & Brussard1990). Decomposition, the 

disappearance of detritus, and mineralization, the release of inorganic elements that are 

bound in detritus, are largely affected by the activity of soil invertebrates (Seastadt 1984, 

Vitousek et al1982). These two processes are critical to the continued productivity of 

terrestrial ecosystems (Coleman & Crossley 1996, Edwards & Bohlen 1996). In addition, 

soil invertebrates play a role in dispersal (Visser 1985), plant growth ( Finlay 1985, 

Verhoef & de Goede 1985), and as a trophic links to insect and vertebrate predators, 

including the northern spotted owl (Wallin et al1994, Olson 1992, Gunther et al1983). 

The general role soil invertebrates' play in decomposition, mineralization, and coniferous 

forest habitats in particular is discussed below. 
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While bacteria and fungi an account for over 90% of the metabolism in soil, 

measured as C02 production, (Seastedt 1984), soil animals have been shown to regulate 

the decomposition process (Crossley 1977, Curry 1969, Visser 1985). Decomposition 

includes three main processes; leaching of soluble material, catabolism and/ or oxidation 

of organic matter, and physical breakdown or comminution. The process of comminution 

increases the surface area of detritus and thereby increases the rate of leaching and 

catabolism (Swift et al 1979). Several laboratory studies have shown an increase in 

microbial C02 production (an index ofdecomposition rate) from the presence of insects, 

including isopods (Hanlon & Anderson 1980), terrestrial caddis flies (Van der Drift & 

Witk:amp 1959), and earthworms (Edwards & Bohlen 1996). Thus, through the process 

comminution, invertebrates play a key role in regulating the overall rate of organic matter 

breakdown, which is otherwise a largely microbial process (Crossley 1977, Swift et al 

1979). Declines in aeration and drainage and increases in soil nutrient content are results 

of invertebrate activity that tend to favor bacterial growth (Visser 1985, Lussenhop et al 

1980). Shifting from a fungal-dominated microbial community to a bacteria-dominated 

system is particularly important in the decomposition process of coniferous forests 

(Verhoef & de Goede 1985, Ingham et al1989). Many forest invertebrates have been 

shown to be fungal specialists, and the abundance of soil arthropods, particularly 

fungivorous arthropods, is greater in forested soils than in soils with less pronounced 

litter layers (Blair et al1994). 

Elemental loss, or mineralization, from detritus due strictly to soil invertebrate 

activity is difficult to measure and confounded by microbial activity and physical 

processes (Seastadt 1984), such as leaching and rainfall. Quantitative measurements of 
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nutrient loss due to soil invertebrates are rare. One method to estimate this process has 

been to measure nutrient content of whole body tissue for particular species and multiply 

that by their abundance. This was estimated by Edwards & Bohlen (1996) for 

earthworms, Hopkin & Read (1992) for millipedes, Hopkin (1998) for collembola, and 

Cromack et al (1976) for 15 different species. Estimates ofthe nitrogen content of an 

earthworm range from 8.45%-12% (Parmelee & Crossley 1988, Bouche et al1997) and 

up to 70% of that N is mineralized within 20 days (Lakhani & Satchell 1970). Relative 

measurements of nutrient dynamics with and without soil invertebrates are more 

common. Seastadt (1984) reviews the net elemental loss for N,P,K,Ca, & Mg from 11 

different litter types. In that review, microarthropods cause N loss in five of the studies 

and no change in the remanding six. This is consistent with the theory that soil 

invertebrate activity tends to make N more available, and enhance plant growth (Edwards 

& Bohlen 1996). 

Coniferous forest litter is unique in both the volume and quality of the plant 

material found there. The 79.9 billion metric tons (net) of dry plant matter produced each 

year by forests exceeds the total net primary production of the oceans (Lickens and 

Bormann 1995). The depth of forest litter has been shown to affect both the abundance 

and composition of soil invertebrates in four difference forest types (Blair et al 1994 ). 

Canopy closure and litter depth were the factors 'largely influencing' microenvironment 

conditions responsible for differences in spider species composition in the Western 

Oregon Cascades (Mciver et a1 1992). Decomposition of coniferous leaf litter was 

reviewed in detail by Millar (1974). In Dutch Pinus nigra forests, exclusion experiments 

were conducted with the collembolan Tomocerus mino, in which nitrogen immobilization 
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in the Aoo layer and nitrogen release in the AooF 1 layer was found to be dependent on both 

temperature and the density of invertebrates (Verhoef & de Goede 1985). Thus, 

coniferous forest litter provides a unique habitat for several varieties of soil invertebrates 

that play crucial roles in decomposition ofplant material and in stimulating plant growth. 

3. STATEMENT OF PROBLEM 

Due to their key roles in decomposition and mineralization, as well as their role in 

linking aquatic and terrestrial habitats, riparian invertebrates were selected as appropriate 

organisms for investigation of herbicide impacts on riparian function. This decision was 

further supported by the existence of standardized soil invertebrate tests for assessing 

industrial impacts (Lokke et al 1998). Furthermore, soil invertebrates serve well in the 

interest ofusing native species due to their abundance, ease in collection, and in-lab 

survivorship. 

The approach taken in this investigation, and described in detail in Chapter 2, 

attempts to capitalize on the sound statistical basis provided by laboratory toxicity tests 

while at the same time maximizing environmental realism. This sort of approach has not 

been reported for evaluating ecological impacts from forest use ofherbicides. Current 

evaluations of forest herbicide use are based on a comparison of chemical properties and 

environmental behavior of a chemical to toxicity values generated in the laboratory 

(Ghassemi 1981, Norris et al1997). Several steps were made to maximize the 

environmental realism and predictive capability of the laboratory toxicity tests described 

in Chapter 2. First, the toxicity tests were conducted on several species of field-collected 

organisms, native to western Oregon forest habitats. As described above, these 
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organisms have been shown to play important roles in ecosystem processes and function. 

Second, the formulated product oftriclopyr was tested via an overspray application to 

closely mimic actual field applications. Third, the duration of the test was allowed to 

continue for 14 days to elucidate sub-chronic and behavioral effects as well as acute 

toxicity. 

The decision to use native organisms in the assays meant their numbers were not 

necessarily available in sufficiently large quantity as with organisms that can be 

purchased or cultured. Rather, native organisms had to be field collected. This greatly 

limited the total number oforganisms available for testing, as their abundance was 

weather-dependent and collection was labor intensive. This decision increases the 

inherent variability in the assays due to less control oforganism health, age, or previous 

life history. 

4.PROPOSAL 

Our goal is to provide a sensitivity profile ofseveral native forest invertebrates in 

Western Oregon riparian zones to triclopyr, a herbicide commonly used in forest 

management. Particular species from local earthworm, millipede, isopod, and beetle 

assemblages were chosen. The selection criteria for the organisms chosen were largely 

two-fold. First, organisms were chosen in an attempt to span the widest possible 

taxonomic breadth. This was done in an effort to include variations in life history 

strategies, functional feeding types and exposure pathways. Second, the organisms must 

be sufficiently abundant, and yet robust enough to undergo collection, sorting, and 



21 

laboratory survival for use in the bioassay tests. Control survival was an important 

criterion that preclude several species, particularly ground spiders, from use as subjects. 

A standard soil bioassay incorporating a standard soil (Lokke & van Gestel 1998), 

was then conducted on each of these species independently. First, this data will estimate 

the concentrations necessary to cause mortality to soil invertebrates. Second, the toxicity 

data from tests with different organisms will then be used in calculating a 95% Protection 

Level. A methodology to assess the impact ofpesticides to soil invertebrates developed 

by Van Straalen and Van Rijin (1998) will be discussed. By using a standard testing 

procedure for each of these assays, the toxicity tests will be comparableto previously 

conducted tests as well as to each other. 
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CHAPTER 2 Bioassay Analysis and Discussion 

1. INTRODUCTION 

Riparian zones are unique linear habitats that serve as the interface between 

terrestrial and aquatic ecosystems. Both terrestrial and aquatic habitats strongly influence 

the physical structure (Leopold et al 1964, Harmon et al 1986) and biological 

assemblages (Malanson 1995) found within riparian zones. There is a strong connection 

between the integrity of the riparian zone and the functioning of in-stream communities 

(Vannote et al 1980, Gregory 1991). Largely through the input of allochthonous plant 

material, links between aquatic and terrestrial habitats are stronger for lower order 

streams, most common to forested landscapes (Fisher & Likens 1973, Triska et al1982, 

Vannote et al1980). Invertebrate species living within the riparian zone play important 

roles in the function of adjacent aquatic and terrestrial habitats (Wipfli 1997, Meehan 

1996, Hering & Plachter 1997). In addition to their ecological roles, riparian zones act as 

a nutrient sink and physical buffer for sediments (Karr & Schosser 1978), fertilizer runoff 

(Lowrance et al1984), and herbicides (Paterson & Schnoor 1992, Lowrance et al1996) 

before their entry into streams. 

Herbicide use in forestry is most often targeted towards rights-of-way shrub 

control and in timber production to release conifer seedlings from competition with 

faster-growing vegetation (Miller 1988). Eighteen herbicide active ingredients are 

currently used in Pacific Northwest timber production (Newton 1998). Of these, only 

four are widely used, including 2,-4 D, glyphosate, picloram, and triclopyr. Triclopyr 
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butoxyethyl ester, (3,5,6-trichloro-2-pyridinyloxyacetic acid) is an auxin-type herbicide 

recommended for use in control ofwoody plants and perennial broadleaf weeds in forests 

and non-crop areas. Triclopyr in the butoxyethyl ester form is the active ingredient sold 

by DowElanco (Indianapolis, IN) under the trade names Garlon 4® and Release®. 

Triclopyr use in forestry is recommended for weed control, rights-of-way maintenance, 

site preparation prior to replanting, and to reduce competition between conifers and 

competing hardwoods (DowElanco 1992). In Pacific Northwest forests, triclopyr use 

typically occurs in the fall for control of woody plants and may be used in combination 

with other herbicides. 

Herbicides applied to forested environments have the potential to impact non

target organisms through run-off from treated areas, accidental overspray, drift from 

aerial applications, and vapor transport and dissipation. The toxicity of triclopyr to 

aquatic organisms has been described by several authors (Berrill et al 1994, Kreutzweiser 

& Capell1992, Kreutzweiser 1994, Thompson 1995, Servizi et al1987, Wan et al1991, 

Morgan et al1991), however, studies oftriclopyr toxicity to terrestrial organism are less 

common. A limited number of investigations comparing pre- and post-treatment effects 

in the field have dealt with earthworms (Potter et al 1990), song birds (Schulz et al 1992, 

Woodcock 1997), gastropods (Hawkins et al 1997), small mammals (Lautenschlager et al 

1997) and seed germination (Morash and Freedman 1988). These studies showed no 

significant effect from triclopyr exposure after field application. In addition, Freedman 

(1990) and Wagner et al (1998) demonstrate public concern over the environmental 

impacts of forest herbicide use and the need to determine associated risks with greater 

certainty. 
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Triclopyr is moderately persistent in soils with an average half-life of 30 days, 

ranging from 10 to 46 days in different soil types (WSSA 1992). Stephenson et al (1990) 

found half-lives in both a sandy, orthic-ferric podzol, and a clay, orthic-humic gleysol, 

from northern Ontario forests to be 2 weeks. Newton et al (1990) estimated the half-life 

oftriclopyr in leaflitter oftanoak in southwestern Oregon to be 31.5 days. 

The goal ofthis study was to investigate the susceptibility ofnative Pacific NW 

forest soil invertebrates to the herbicide triclopyr, (Garlon 4, 61.6% EC). In addition, a 

specialty formulation of Garlon 4 without the active ingredient triclopyr, was tested to 

identify toxicity associated with inert ingredients alone. Soil invertebrates play important 

roles in decomposition and mineralization processes within the riparian zone, largely 

through comminution (Malanson1995). Native, field-collected soil invertebrates were 

used in all assays. None of these species had previously been the subject of toxicity 

testing in the laboratory or the field, with the exception of the earthworm (Lumbricus 

terrestris). Mortality estimates were compared to expected environmental concentrations 

(EEC) based on recommended application rates. The hazardous concentration to five 

percent of the population (HCs) was estimated using the method reported in Van Straalen 

& Van Rijin (1998). 

2. MATERIALS AND METHODS 

2. 1. Selection and sampling of test organisms 

All organisms used in this experiment were collected from the field. Beetles, 

millipedes, and isopod species were collected using pitfall traps and visual searching 
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from three forested riparian habitats located around the greater Corvallis area, Oregon, 

USA. 

Pitfall traps consisted of clear plastic 14 oz. disposable cups that were buried flush 

with the soil surface. The traps were installed in May 1998 and checked 3 to 4 times a 

month until November. Organisms were brought back to the laboratory, sorted to 

species, and stored as colonies in controlled temperature rooms. The rooms were 

controlled at 15° C, with a photoperiod of 12:12 hours light and dark for both the 

colonies and test subjects. Laboratory colonies were augmented with individuals 

collected at later sampling dates until there were sufficient numbers to conduct toxicity 

assays. 

Several factors were considered when selecting the particular native species to 

undergo testing. First, soil invertebrates play a variety of functional roles within the soil 

ecosystem, and representative species from differing functional categories were sought. 

In addition, the test species compassed a wide taxonomic and physiological range. Third, 

species abundance in the field and colony survival in the laboratory had to be sufficient to 

allow for toxicity assays with appropriate sample sizes. With these factors in mind, the 

species listed in table 4 were selected for testing. 
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Table 4. List of native species selected for toxicity testing. 

Common 
Name Species (Authority) Order Family Functional Role 

Ground Beetle 

Ground Beetle 

Millipede 

Isopod 

Earthworm 

Scaphinotus maginatus (Fischer) 

Pterostichus inanis (Hom) 

Harpaphe haydeniana 
haydeniana (Wood) 

Ligidiwnsp 

Lumbricus terrestris (Linnaeus) 

Coleoptera 

Coleoptera 

Polydesmida 

(so)Onescoida 

Lumbricoida 

Carabidae 

Carabidae 

Xystodesmidae 

Ligiidae 

Lumbricidea 

Predator 

Predator 

Detritivore 

Detritivore 

Detritivore 

All colonies were watered weekly and beetles were feed Deli-cat®, Purina brand, 

dried cat food ad libitum. Millipede and isopod colonies were provided with fresh forest 

litter once or twice a month. All organisms were stored in the laboratory for two weeks 

before use in toxicity tests. This allowed for acclimation to test conditions and provided 

an opportunity for removal ofany dead or injured individuals following the collecting 

process. Earthworms were purchased in bulk from a local bait wholesaler, Oregon Bait 

Inc., Salem, OR, where they had been field collected before sale. Each shipment of 

earthworms was sub-sampled for identification to species; all earthworms sampled were 

identified as Lumbricus terrestris (Linnaeus). Reference collections for all species used 

in the study were also retained and filed with the Oregon State University Arthropod 

Collection. 
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2. 2. Development of test methodology 

A standard soil was prepared according to OECD Guideline 207 as presented by 

Reinecke (1992), with pH adjusted to 7.0±0.5 with powdered calcium carbonate 

(Imperial Brand) and wetted to 70% of the predetermined holding capacity with distilled 

water. Water content of this level was required to ensure survival of the isopods. 

Organic matter content was verified by analysis in the OSU Soil Testing laboratory using 

a CNS Analyzer and was determined to be 2.87%. 

Except for earthworms, experiments were conducted in 8x 11 x5 em polystyrene 

food storage containers (PGC Scientific, Frederick, MD) with lids that had been prepared 

with mesh-covered ventilation windows. Wetted soil (300 ± 20 grams) was added to each 

container and packed tightly, using the· base of a second container, to provide a uniform 

soil surface. This minimized burrowing behavior of the isopods and millipedes and 

provided greater uniformity in the exposure surface. These containers were then 

transported to the greenhouse for spray application oftriclopyr within an enclosed cabinet 

sprayer. The cabinet sprayer consisted of a compressed-air driven track sprayer, enclosed 

in a fume hood (Custom Agricultural Research Equipment, Monmouth, OR). The 

sprayer was calibrated at 38 kg/ha (34lb/ac) total volume before test applications. A 

Teejet® Brand 8006E, 80° flat fan nozzle was used to atomize the herbicide during all 

experiments. The test chemical was a triclopyr formulated product, Garlon 4®, (3,5,6

trichloro-2-pyridinyloxyacetic acid, butoxyethyl ester), at a concentration of 61.6% active 

ingredient (EC), emulsifiable concentrate, (Dow Elanco, Indianapolis, IN, USA), and was 

diluted in deionized water immediately before spraying. A second test chemical was 

Garlon 4® blank (XRM-4714 Blank), a specialty formulation ofGarlon 4® prepared by 
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Dow Elanco, (Indianapolis, IN), without the active ingredient. Controls were treated in a 

similar manner and containers were sprayed only with deionized water. Controls were 

undertaken prior to the tests reported here to identify problems associated with 

experimental design. These indicated a need for food additions to S. marginalis 

experiments, and a high soil moisture content for the isopods. 

Directly after spraying, containers were transported back to the laboratory where 

individual organisms were added to the test containers. Earlier studies indicated that 

addition ofthe organisms immediately after spraying provided inconsistent and very high 

mortality, most likely resulting from volatilization of the inert ingredients such as 

kerosene (DowElanco 1992). To avoid this, test containers were allowed to sit uncovered 

under a fume hood for one hour before addition of the organisms. This step reduced the 

influence of the enclosure on the experimental results and allowed for evaporative loss 

typical of more elevated spray applications. After introduction of the organisms, test 

containers were covered and returned to the controlled environment room for the 

remainder of the test. Replication was determined by the available number and size of 

test organisms relative to the capacity of the experimental chambers. Initial range

finding tests were conducted for each species, which included testing at the highest 

recommended field rate of4.48 kg/ha. Five, equally spaced, doses covering the 

concentration range of interest were chosen in the second and third trials with each 

species in an effort to resolve a dose-response curve. Replication in all isopod and 

millipede experiments consisted of 3 containers with 10 individuals per container. The 

carabid S. marginalis experiments involved 5 replicates with 5 organisms per container, 

taking into account of the larger size of the species and crowding behavior observed at 
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higher densities. The abundance of the carabid beetle, P. inanis, was limited, thus 

replication was restricted in this species to 2 containers of 8 individuals each. 

The earthworm tests were modified slightly due to their larger size and burrowing 

behavior. In order to maintain a consistent and realistic exposure pattern, earthworms 

were exposed to a treated litter layer added to the soil surface after the worms had 

established their burrows. Quart-size glass canning jars were filled with 800±20 g of 

untreated OECD artificial soil. Earthworm experiments were conducted with 4 replicates 

of 8 individuals per jar. This was the maximum number possible per jar before 

overcrowding was observed. Earthworms were added to the jars 48 hours prior to the 

start of the test and allowed to establish burrows. Prior to spraying, the litter amendments 

were sifted through a '14 inch mesh screen and spread evenly over a flat surface lined with 

aluminum foil to insure even distribution of the test chemical over the litter during spray 

application. These overlying amendments were treated with triclopyr, with the same 

cabinet sprayer and settings as described above. These also were also allowed to dry for 

one hour under the fume hood prior to addition to the jars. At the beginning of the 

experiment, 30g by wet weight of treated forest litter was added to the top of the jars 

overlaying the established burrows. 

2. 3. Statistics 

The data were analyzed using Probit regression techniques in SPSS Base 8.0 

statistical software. Pearson's goodness-of-fit Chi-squared test was conducted to test for 

homogeneity of variance and is reported in Tables 2 and 3. The 95% confidence intervals 

reported in figures 1 and 2 were generated from fiducial limits of the regression line and 
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not pointwise estimates. A distribution based extrapolation method (Van Straalen & Van 

Rijin 1998) was used to estimate the 95% protection level for the soil invertebrate 

community. This method includes a correction coefficient as presented by Aldenberg & 

Slob (1993) that accounts for the lower left-handed 95% confidence interval associated 

with estimating the Hazardous Concentration to 5 percent (HC5) of the species. 

3. RESULTS 

All five species involved were tested directly at the highest recommended field 

rate as a part of the preliminary range fmding process. With the exception of the isopod, 

Ligidim sp, no significant mortality was observed from triclopyr exposure at the field rate 

of 4.48 kglha, see Table 5. Isopod exposure to field rate applications resulted in 17% 

mortality after 24 hours, and 43% after 7 days. The millipede, H haydeniana 

haydeniana, and beetle species, Pterostichus inanis and Scaphinotus marginalis, showed 

no effect after exposure to triclopyr at field rate for 7 days, see Table 5. 

Table 5. 	Percent mortality at field rate (4.48 kglha) and mortality NOEC in (kg/ha) 
following 7-Day exposure triclopyr treated soil. 

Taxa (N) %Mortality at (4.48kg/ha) NOEC 
H haydeniana haydeniana (30) 0 4.5 
Ligidium sp (30) 43 2.3 
Lumbricus terrrestrius (32) 0 na* 
Peterostichus inanis (20) 0 25 
Scaphinotus marginalis (25) 0 9 

*NOEC not available due to avoidance behavior and significant heterogeneity in mortality data. 



31 

Dose-response curves from triclopyr exposures were resolved for the millipede, 

isopod, and two beetle species. This required conducting one to two preliminary range

finding tests. These preliminary tests were conducted for seven days, and resulted in the 

NOEC values listed in Table I. As the range-finding tests demonstrated continuing 

mortality at days 6 and 7, the observation time for later tests was extended to 14 days. 

There was evidence that the earthworms avoided the treated substrate, particularly 

at the higher doses. Feeding activity was evident in the test chambers of the two lowest 

does, 14 and 42 kglha, as litter was found within the earthworm burrows and disturbance 

of the surface layer was observed. Similarly, some limited mortality, 10-25%, was seen 

in these intermediate doses. However, no mortality or disturbance of the litter surface 

was seen at the highest dose. This indicates that earthworm exposure to the test 

compound in this assay design could not be assured. 

Lethal concentration to 50% ofthe population (LCso) estimates were generated 

using Pro bit analysis, (SPSS Base 8.0), and plotted against time for comparison of time to 

effect for four species, (Figure 1 ). Pro bit analysis indicated that the two beetle species, 

Pterostichus inanis and Scaphinotus marginalis, had less than 1% probability of mortality 

at the recommended field rate. Figure 1 indicates a trend of decreasing LC50 estimates 

over the length of the experiments. This trend varied between the species tested but was 

consistent over the period ofobservations. 
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Figure 1. LC50 estimates from triclopyr exposure and associated 95% Confidence 
intervals over 14-Days. 

<> Assessment times when mortality did not exceed 490/o. 
• Assessment times when mortality spanned 50%. 
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Day 14 was the only time point at which the response data bracketed 50% for all 

four species, see figure 1, and was therefore chosen as the most appropriate endpoint for 

comparison. LC50 estimates generally stabilized however, between days 5 and 7, with 

little additional mortality observed beyond day 10. At 14 days, the LCso estimates were 

highest for the two beetle species, with Pterostichus inanis estimated at 43.2 kglha and 

Scaphinotus marginalis at 42.9 kgll1a, followed by the millipede, Harpaphe haydeniana 

haydeniana, at 5.6 kglha and the isopod, Ligidium sp at 4.6 kg/ha. The order of 

susceptibility based on LCso estimates for these four species, P. inanis < S. marginalis < 

H. haydeniana < Ligidium sp, was consistent with the ranking ofNOEC values in table 5. 

Control mortality was not observed in any of the assays with triclopyr formulated product 

as the test chemical. 

Body weights for each species were also measured and are reported in Table 6. A 

ranking of the four species according to LCso estimate per unit body weight indicated the 

order of susceptibility based on body weight as H. haydeniana haydeniana > S. 

marginalis 2:: Ligidium sp> P. inanis. 
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Table 6. Probit analysis statistics for triclopyr assays. 

LC50 Estimate LC50 Estimate/ 
at 14-Days Probit Chi- squared Average Body Taxa by body weight 

(kglha) Slope;tSE value df Weight (gram) ±SD (kglha per mg) 

P. inanis 38.6 12.3±2.97 1.4(ns) 3 0.027±0.004 1433 

Ligidiumsp 4.7 4.15±0.78 2.4(ns) 2 0.024±0.007 200 

S. marginalis 34.2 3.84±0.92 6.7(ns) 3 0.206±0.025 165 

H.haydenian 5.1 2.53±0.60 14.9(s) 3 0.537±0.103 9 

(sIns)- indicates significance with Pearson's Goodness-of-fit test (p<0.05). 

The abundance of field-collected organisms was seasonal and sufficient with only 

the isopod, millipede, and earthworm species for further dose-response testing with the 

Garlon 4 blank formulation. Experiments with triclopyr blank were conducted in an 

identical manner as those with the formulated product described above. Figure 2 

compares LC50 estimates for triclopyr, as in figure 1, and the Garlon 4 blank over 14 

days. Earthworm assays again showed no response to the Garlon 4 blank formulation 

possibly due to avoidance behavior; statistical analysis was not conducted. 
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Figure 2. Comparison of LC50 estimates for triclopyr and Garton 4 Blank 
over 14-Days. 

• Squares indicate LC50 estimates for Garlon 4 blank. 
• Diamonds indicate LC50 estimates for triclopyr. Excessive heterogeneity in 
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Estimates of the LCso for the millipede, H haydeniana haydeniana, after 1 and 14 

days fell from 66.3 kg/ha to 48.9 kglha respectively for triclopyr blank, compared to 99.7 

to 5.6 kglha for the formulated product. After Day 7, LC50 estimates involving the 

formulated product continued to fall while the estimates with the blank leveled off at 

about 49 kglha.. The data set for the millipede experiment with the formulated product 

had the greatest heterogeneity of all the tests reported here and the confidence interval 

associated with the LCso estimates in this assay could not be generated from the Pro bit 

analysis. A graphical comparison ofLCso estimates, lacking associated confidence 

intervals for the blank, is indicated in figure 2. 

Estimates of the LCso for the isopod after 1 and 14 days fell from 16.4 to 10.5 

kg/ha with triclopyr blank, and from 8.3 to 4.6 kg/ha for the formulated product. 

Estimates of isopod mortality with both the blank and the formulated product leveled off 

after day 7, with less than a 10% change in the LCso estimates from either assay. The 

LC50 estimates for the blank and formulated products at days 10, 12, and 14 were 

significantly different, and indicated a more than two-fold difference in toxicity between 

the formulated product and the inert ingredients, (Figure 1-0). Control mortality in 

experiments with triclopyr blank as the test chemical amounted to 1 0% with the millipede 

H haydeniana and 3.3% with the isopod Ligidium sp. Table 5 reports the Probit statistics 

associated with the assays conducted with triclopyr blank after 14 days. 
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Table 7 Probit analysis statistics for Garlon 4 blank assays. 

Taxa 

LC50 Estimate 
at 14- Days 

(kglba) 
Probit 

Slope±SE 
Chi- squared 

value df 
Average Body 

Weight (grams),.±SD 

LC50 Estimate/ 
by body weight 

(kglba per gram) 

Ligidiumsp 10.5 3.11±0.57 9.66(s) 3 0.024±0.007 446 

H. haydeniana 48.9 6.02±0.93 5.2l(ns) 3 0.537±0.103 91 
(sIns)- indicates significance with Pearson's Goodness-of-fit test (p<0.05). 

The species presented here could be used in describing the distribution of 

sensitivity within the soil invertebrate community. Kooijman (1987) first described the 

sensitivity of species within a community, tested in similar manner, as following a log-

logistic distribution. The hazardous concentration to five percent of the species (HCs) 

was calculated using equation 1 (Van Straalen and Van Rijin1998). This equation is 

based on the assumption that the distribution of species sensitivity within a community is 

log-logistic (Kooijmanl987), and was originally presented by Aldenberg and Slob 

(1993). 

(1) 

The equation relates the mean (Xm) and the standard deviation ( Sm) of the no effect 

concentrations, transformed to their natural logarithms, to a concentration expected to be 

hazardous to 5 percent of the species in the community. The coefficent, kL, accounts for 

the number of species from which Xm and Sm are calculated (Table 3 of Aldenberg and 

Slob 1993). The coefficient also incorporates the left-hand 95% confidence interval, 

based upon the number of species selected for testing, and takes into account the 

uncertainty associated with small sample size. 
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The natural logarithm of the four reported 7-Day NOEC values, (Table 1), were 

used in calculating the mean, :xm= 1.96, and the standard deviation, Sm=l.03. The 

coefficent, kt, for four species is 5.49, as reported in Table 3 ofAldenberg and Slob 

(1993). Substituting these values into equation 1 yields, 

HCs = exp { 1.96- (5.49)(1.03)). (2) 

HCs =0.025 kg/ha 

Solving equation 2 indicates that the concentration hazardous to 5% of the species in the 

community, based on lethality NOEC's, would be 0.025 kg/ha. 

4. Discussion 

This study describes the toxicity of triclopyr ester to four species of native 

riparian soil invertebrates. All organisms used in this study were field collected and were 

observed as inhabiting the riparian zone. The organisms, chemical formulation, and 

application type used were chosen to best represent the habitat and use pattern of 

concern. In addition, the test method is very similar to the standard soil test methods as 

outlined by (1989) and L121kke and Van Gestel (1998). 

Range fmding tests involved treating each species at the highest recommended 

field rate, 4.48 kg/ha. The isopod species tested was susceptible to triclopyr at field rate. 

Both the 7 and 14-day LCso estimates for the isopod species, 4.8 and 4.7 kg/ha 

respectively, were similar to the field rate. The NOEC for isopod mortality was about 

half that of the field rate, at 2.3 kg/ha. This indicates that there may be effects from field 

application rates oftriclopyr to terrestrial isopods if exposure in the field is similar. 

http:1.96-(5.49)(1.03
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Isopods are known to play important roles in the decomposition process (Warburg 1987 ), 

however little is known about their biology or ecology within Pacific Northwest forests. 

For three of the four species, no effect was observed after exposure to triclopyr at 

field rate. A comparison of the NOEC for the two beetle species, (Scaphinotus 

marginatus and Pterostichus inanis), at field rate indicates the NOEC exceeded field rate 

by factors of2 and 5 respectively. While no effect was observed with the millipede, H 

haydeniana haydeniana, after exposure at the field rate, the NOEC of4.5 kg!ha was 

equivalent to field rate. These assays highlight the need for expanded testing of non

target organisms from riparian zones, and the evaluation of those organisms in terms of 

their ecological function. 

The millipede, H haydeniana haydeniana, assays with triclopyr formulated 

product resulted in an inconsistent response and significant heterogeneity in the data. 

This species demonstrated an extremely high feeding rate in the culturing chambers and 

extensive burrowing activity during the test was also observed. Burrowing by the 

millipede was accomplished by feeding, in which the treated soil surface was consumed 

and excreted as fecal pellets. Feeding rates of forest litter for H haydeniana haydeniana 

were measured at between one-third and one-half of their body weight per day on a litter 

dry weight basis (Baumeister, in press). This observation indicates that an oral exposure 

route, as well as the predicted dermal route, may be involved in the millipede assay. This 

may explain the significant heterogeneity seen with this species. 

Additional toxicity tests with the triclopyr blank formulation were conducted with 

the millipede, isopod and earthworm species. Earthworm assays with the triclopyr blank 

showed no effect, however avoidance behavior was also noticed in this assay. Estimates 
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of the LCsofor the triclopyr blank were 9.6 and 2.2 times higher than for the formulated 

product, with respect to the millipede and isopod species. 

The slope associated with the probit regression, in Tables 6 and 7, indicates the 

range of individual variability in susceptibility for each species tested. The carabid 

beetle, P. inanis, displayed the narrowest range ofsusceptibility ,(probit slope of 12.3 ), 

while also producing the largest LCso estimate. All three other species had very similar 

probit slopes, 2.53 for H haydeniana haydeniana, 3.84 for S. marginalis, and 4.15 for 

Ligidium sp, despite exposure to very different dose regimes of the formulated product, 

see Table 6. A similar slope was found in the Ligidium sp assay with Garlon 4 blank as 

was found with the formulated product, 3.11 and 4.15 respectively. However, 

comparison of the regression slope for the millipede experiments with triclopyr blank, 

6.02, and the formulated product, 2.53, indicated a wider range of individual 

susceptibility to the triclopyr blank. 

Comparison of the susceptibility of the four species tested in this study is 

appropriate only after 14 days exposure. Fifty-percent mortality in the test population at 

a given dose was not reached at many time points and the LC5o estimation required 

extrapolation beyond the range ofdata values. These values were reported as open points 

in Figures 1 and 2, and the confidence intervals were not reported. Estimation of the 50% 

lethal concentration for the beetle P. inanis was not possible, without extrapolation, until 

day 14. Previous toxicity assay protocols call for repeated testing of the test species over 

shorter exposure periods until the dosing regime is well matched to the dose-response 

curve. This approach assumes unlimited availability oforganisms, and is not always 

possible when using field collected organisms. Furthermore, given the moderate 
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persistence of triclopyr in soils and the unique burrowing behavior of the millipede 

species, a shorter 72 or 96-hour assay was considered less appropriate. 

The concentration hazardous to five percent of the species in the community can 

be calculated if the mean (Xm) and the standard deviation (sm) ofthe no effect 

concentrations, transformed to their natural logarithms, are known (Aldenberg and Slob 

1993). As described above, the equation also relies on a coefficent (kL) to account for the 

number of species used in calculating the mean and standard deviations, see equation 2. 

Using the coefficent, kL, for four species, 5.49 as reported in Table 3 of Aldenberg and 

Slob (1993), the concentration hazardous to 5% of the population, based on the lethality 

NOEC's presented here, was of0.025 kg/ha. This value is two-orders ofmagnitude 

lower than the mean of the NOEC's reported in Table 5, and is a result of the high 

statistical uncertainty when inferences are made about a community from a small sample 

size of species tested. A re-calculation of the HC5 using the coefficient for infinite 

sample size, (kL= 1.62) see Table 3 in Aldenberg and Slob (1993), results in an estimate 

of 1.35 kg/ha. This may represent an upper limit to the HC5 estimation based upon the 

present data set. 

These experiments were intended to provide conservative estimates of toxicity to 

native riparian invertebrates and assume a direct overspray of the soil surface. Newton et 

al (1990) reported actual soil concentrations after aerial application of triclopyr in 

Southwestern Oregon brushfields was dependent on canopy density. They found that 

each square meter of foliage per square meter of ground area intercepts about half of an 

aerially applied spray. However, concentrations of the herbicides equivalent to that as 

applied were found on the forest floor in sites where there was no prevailing forest 



42 

canopy and little herbaceous cover (Newton et al 1990). In addition, microbial 

degradation of triclopyr in the artificial OECD soil is expected to be significantly less 

than that ofa forest soil. This is an important point ofconsideration given the fact that 

microbial degradation is the dominant degradative pathway for triclopyr dissipation 

(WSSA 1992, DowElanco 1992). The richer microbial community and higher organic 

matter content of forest soils would both act to lower the bioavailability of triclopyr in 

forest soils as compared to the artificial soil used in this assay system. 

Use of field-collected organisms in toxicity testing is rarely reported in the 

literature and presents unique challenges for the researcher. In particular, the availability 

of test organisms requires that they may be caught and successfully maintained in the 

laboratory. These two requirements were influential in the content and direction of this 

study. Preliminary investigations began with three additional species of forest soil 

invertebrates not reported here, including a lycosid spider, an additional carabid beetle, 

Pterostichus crenicolis, and a native collembola. The lycosid spider and collembolan 

could not be successfully maintained in the assay system and elicited high control 

mortality. Observations of lycosid behavior indicated that individuals may be territorial 

and cannibalism would be a confounding factor in the assay system. P. crenicolis 

abundance was very seasonal, and the numbers required for a completed dose-response 

evaluation were not available. 

This study investigated the impact ofherbicide use on several native species 

within the forest soil community. Native soil invertebrates were chosen to represent the 

diversity of function, taxonomy, life history and exposure pathways found in the soil 

community. Previous field investigations oftriclopyr use in forestry have generally 
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found no effect at typical application rates, ranging from 2.2 to 3 kg/ha formulated 

product (Schulz et al 1992, Hawkins et al1997, Lautenschlager et all997). Triclopyr is a 

relatively new product with limited literature describing toxicity testing of terrestrial non

target species. This is the first study the authors are aware of that tests toxicity of 

triclopyr to terrestrial invertebrates in controlled laboratory experiments. 

Further testing to determine the extent ofany possible effects is recommended, given the 

importance of these organisms and riparian habitats. 
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CHAPTER 3- Research Needs 

1. ECOLOGICAL RISK ASSESSMENT 

The most apparent goal of laboratory toxicity assays is to estimate the impact of 

environmental contaminants in the field. This goal is often driven by risk assessment 

requirements. Several recent publications from both university and agency researchers 

have reviewed and summarized current ecological risk assessment methods (Bartell et al 

1992, Suter 1993, US EPA 1992, US EPA 1998). The US EPA is in the process of 

revising its ecological risk assessment procedures, and recently released a "Guideline for 

Ecological Risk Assessment"(US EPA 1998). This document was intended to "improve 

the quality of ecological risk assessment at EPA while increasing the consistency of 

assessments among the Agency's programs and offices." The experiments conducted and 

reported here shed light on the risks associated specifically with triclopyr use to riparian 

invertebrates. However, this study should not be considered as a complete risk 

assessment outright, as considerably more information is needed to conduct an ecological 

risk assessment for triclopyr use in forestry. 

While the guidelines are comprehensive in outlining the process, and have 

benefited from "formal external peer review" (US EPA 1998), the process is still far from 

standardized and largely dependent on the particular situation of interest. The process 

consists of three phases; 1) problem formulation, 2) analysis, and 3) risk characterization. 

The data presented here should be considered during the analysis phase of the process, 

when characterizing the effects of triclopyr on biological endpoints. 
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When considering the data set available for step 3 of the analysis phase, 

characterization of ecological effects, a lack of relevant studies is apparent. The 

proximity ofcommercial forest lands to streams and aquatic life has spurred a large 

number of studies on triclopyr toxicity to fish and some aquatic insects (see Table 3), 

however none were found by the author that addressed terrestrial soil invertebrates. This 

is the first study known to the author to have considered riparian species as targets for 

toxicity testing of pesticides. As discussed in Chapter 1, there are several ecological 

studies that suggest riparian habitats in particular should be considered when examining 

the toxicity ofchemicals used in forestry. 

Further attention to the susceptibility of riparian invertebrates is encouraged. 

Invertebrates of the riparian zones are representative of forest species found further up

slope and play important roles in the diet of aquatic organisms, see also Chapter 1. In 

addition, very little information is available concerning the invertebrate communities that 

comprise the riparian zones, and much less about how pesticides affect those 

communities. Thus, riparian invertebrates are both a group with demonstrated ecological 

importance, and yet, until recently, a substantial lack ofattention (Wipfli 1997). 

2. MODEL VALIDATION 

Several statistical approaches have been recommended when conducting an 

ecological risk assessment. Differences in academic training, traditions, and policies 

associated with professional groups that conduct risk assessments have resulted in 

different schools of thought (Suter 1993). One school of thought has developed around 
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how to extrapolate laboratory toxicity test results to naturally occurring populations and 

communities (Van Straalen and van Rijin 1998) 

The first reported approach to extrapolation from lab studies to communities in 

the field was based on regression techniques of several single species acute toxicity tests 

performed on aquatic organisms (Suter et al 1985, Blanch 1984, Sloof et al1983). 

Following this, came the development ofdistribution based extrapolation methods. The 

distribution approach is based on the idea that sensitivities ofvarious species tested 

against the same chemical, in a similar bioassay, will result in a particular frequency 

distribution when plotted against the log of dose (Kooijman 1987). The frequency 

distribution is the probability that a particular species, taken at random from a large 

community and exposed to a chemical greater than a given toxicological criterion, will 

elicit an effect (Van Straalen and van Rijin 1998). 

Three distributions have been suggested as best describing the relationship 

between toxicity levels and log dose. The first extrapolation method reported was from 

the US EPA and is referred to as the log-triangular distribution (US EPA 1984). The 

second method, Kooijman (1987), presents an extrapolation based on a log-logistic 

distribution ofLC5ovalues. The third distribution, presented by Wagner and Lokke 

( 1991 ), is a log-normal distribution and favored by the authors over the log-logistic 

distribution due to its greater familiarity and possibilities for model extension. However, 

Wagner and Lokke (1991) state that from parameters of the two distributions (log-normal 

and log-logistic) it can be shown that they are almost identical. 

A recommendation for the research presented here would be to validate the log

logistic model presented by Kooijman (1987). This model was originally validated using 
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data from aquatic toxicity tests for 22 species each tested against 15 compounds, (Sloof et 

all983). However, a review of the literature on this topic indicates that presently no 

other data sets have been used to validate the model. Data from this present study is 

insufficient to test this model as toxicity estimates were accurately generated for only 4 

species in this study. The recommended number of species to validate the distribution 

ranged from 20 (Van Straalen et al 1995), to 5 (Wagner and Lokke 1991 ). 

Further testing within the Pacific NW forest soil invertebrate community is 

recommended, and should begin with a Lycosid spider and a collembola species. 

Lycosid spiders have previously been used in testing the side effects ofpesticide use in 

agriculture and have been shown to be a consistently sensitive test species (Everts et al 

1989). Collembola also have a successful history of toxicity testing (Hopkins 1998, 

Lokke & Van Gestel1998), however, their identification is difficult and may not even be 

possible to the species level. Methods have been presented by Lokke (1994) to 

incorporate toxicity estimates from organisms as diverse as bacteria, plants, and 

vertebrates; however it has been recommended that organisms of shorter taxonomic 

distances and homogenous endpoints should be used in the extrapolation analysis 

(Wagner and Lokke 1991). 

3. CAVEATS OF THE HCs APPROACH 

Some important shortfalls should be noted when considering the distribution of 

susceptibility of different soil organisms. Determining the susceptibility of a community 

requires the comparison of toxicity data from many individual species within that 

community (Kooijman 1987). Ideally, a comparison of different species sensitivity to a 
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chemical would be made with all other factors held constant; that is age of the organisms, 

environmental conditions, method ofapplication, etc. In most cases, this would mean 

having to actually conduct the toxicity experiments on the species to be compared. 

Toxicity data for the species of interest may be available in the literature. However, data 

in the literature usually includes anomalies in assay design and reporting that leaves the 

comparisons far from ideal. There is a need for more consistent use ofthe standardized 

test methods and reporting procedures for soil invertebrates as has been described by 

Lokke and van Gestel (1998) and embraced by the OECD (1989). 

For example, in soil toxicity tests the dose ofa chemical applied is often very 

different from the dose to which the organism is exposed. The bioavailable fraction of 

the chemical is largely dependent on organic matter content (Lokke & Van Gestel 1998). 

Organic matter in soils has a strong ability to bind organic chemicals (Schwarzenbach et 

all993), thus organisms tested with the same chemical at similar concentrations can 

show significantly different toxic responses due to reduced bioavailability of that 

chemical (Van Gestel 1992, Wiles & Frampton 1996). Thus, comparison of soil toxicity 

assays should include an adjustment for the organic matter content for each soil and the 

corresponding toxicity values reported. One method for normalizing toxicity estimates to 

the organic matter content of the soil is described in Van Straalen and Van Rijin (1998). 

These authors chose to normalize all the reviewed data to an organic matter content of 

1 0%. Three groupings were made of the reported data with respect to organic matter 

content. Soils with percent organic matter from 0 ~ 2, was given a multiplier of 5, soils 

with 2 ~ 30% were given a multiplier of 1 0/H (where H=% organic matter originally), 

and soils with 30-100% organic matter content were given a multiplier of 113. Only after 



49 

this type ofconditions are adjusted for, or set a priori in the lab, can accurate 

comparisons of soil toxicity data be made in generating a protection level. 

Second, toxicological endpoints in the studies compared should be consistent. 

This is problematic when comparing literature values. The particular measure of 

lethality, LC50 or NOEC, and test duration vary considerably between toxicity tests. 

Longer tests may be compared with shorter ones if the complete data set or statistics from 

intermediate time points is reported. Often they are not. Lack of comparable data due to 

differences in toxic endpoints makes model validation difficult. Clearly, a consistent 

code of reporting and statistical approaches is needed within the field to foster 

comparison between studies. 

Use of distribution based methods to estimate hazardous concentration levels, 

such as the Hazardous Concentration to 5% of the species (Van Straalen et al 1992), has 

also been critiqued by Forbes & Forbes (1993), Hopkins (1993), and Okkerman (1993). 

Forbes & Forbes ( 1993) take issue with the validity of assuming a particular distribution 

and point out the shortage ofdata available for testing that distribution with any statistical 

rigor. They also note the difficulty in sampling a community 'at random' rather than 

representatively, especially when all the species of that community is not known. 

Hopkins (1993) addresses the theoretical implications of protecting only 95% of the 

species. He points out problems may arise if endangered or keystone species fall within 

the 5% of the community not protected. Okkerman et al (1993) suggests, as does Forbes 

& Forbes (1993), that at present the benefits do not outweigh the added complexity and 

risks of unproven assumptions in a distribution based approach. Both citations (Forbes & 

Forbes 1993, Okkerman et al 1993) conclude the current method of applying a single 
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safety factor based on the most sensitive species from a single species bioassay is an 

appropriate method for determining 'safe' environmental levels. 

4. SOIL INVERTEBRATE TESTING 

Field investigations of herbicide use in forestry and its affect on invertebrates 

should be pursued. Field experiments could serve several purposes, and provide 

important information, but require substantial effort in experimental design to be 

successful. Little of the necessary experimentation for triclopyr or Pacific NW riparian 

habitats has been conducted. Validation of previous laboratory experiments, 

investigation of behavior affecting exposure, and testing the HCs model to other species 

are goals of field application experiments. These are discussed below. 

Validation ofprevious laboratory experiments would be the most obvious goal of 

field experiments. Comparisons would be best if the species tested and the method of 

application in the field, were the same as those tested in the lab. These two points played 

particular importance when planning the experiments described in this thesis. The 

methods and species described earlier, see chapter 2, could be replicated in the field on a 

particularly small scale, and with the application occurring beneath the canopy layer. 

Aerial application in a forestry setting causes obvious heterogeneity when attempting to 

estimate even the concentration available for exposure on the forest floor; as described by 

Newton et al (1990). It is recommended that field experiments begin with small 

enclosures on the forest floor, with ground application of the test chemical. 

Behavioral characteristics and microhabitats determine organism distribution in 

the field and cannot be duplicated in the lab. These factors greatly affect pesticide 
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exposure ofthat organism in a natural habitat. Movement, burrowing or hiding, feeding, 

and mating behavior were all factors that were observed in the lab with these riparian 

species, and about which very little is known. Particular behavioral characteristics of the 

species tested should be addressed in the experimental design of field studies, as they 

have major effects on the exposure the organism will have to the chemical, see chapter 2. 

For example, the feeding behavior of the millipede H. haydeniana haydeniana was 

without pause, and an oral route ofexposure in this species appears to be significant. On 

the other hand, the beetle S. marginalis responded with little to no feeding behavior as 

compared to the controls when exposed to triclopyr. Knowledge of behavioral patterns 

and microhabitat preferences is needed in planning field experiments. 

The third, and most ambitious, goal of conducting a field experiment would be to 

test the Hazardous Concentration model. That is, do applications affect other species of 

invertebmtes in the field as predicted by the model? The extmpolation model predicts 

that there will be species with sensitivities that range above and below those determined 

in the lab. It would be useful to actually detect this in the field. This would be no easy 

task, as assessing mortality in the field is difficult. In addition, description ofNorthwest 

forest soil fauna is far from complete, and identification of unknown invertebrates is 

difficult, expensive, and not quickly done. These are all very real practical hurdles that 

will need to be overcome before in-field studies can be used to validate the extrapolation 

model. 

Testing with additional indigenous species in either the field or the lab will 

involve field sampling and culturing in the labomtory. It should be noted that abundance 

of soil invertebrates is seasonal, with the spring months of mid April to late June 
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providing the best results for pitfall trapping the four species presented here. Thus, there 

is a particularly important element of timing, which should be considered when planning 

further testing. An additional window of abundance was observed with the Carabid 

beetle S. marginalis in mid to late September after the fall rains began. Isopods had the 

largest yearly window ofabundance, as they could be sampled with an aspirator at almost 

any date, excluding the dry summer months, whenever the soil was wet to the touch. 

Sufficient numbers of the millipede, H haydeniana haydeniana, and the carabid, P. 

inanis, were only observed during the spring months indicated in chapter 2 
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APPENDIX A 


Data Set of Mortality Observations 




Mortality observations for the carabid beetle (Pterostichus inanis) after exposure to triclopyr 
treated soil. 

Dose Total# Dayl Day2 Day3 Day4 DayS Day7 Day14 
(kg/ha) Organism 

0 16 0 0 0 0 0 0 0 

22 16 0 0 0 0 0 0 0 

30 16 0 0 0 0 0 0 1 

38 16 0 2 3 3 3 3 3 

45 16 2 3 3 5 5 7 9 

60 16 16 16 16 16 16 16 16 



Mortality observations for the carabid beetle (Scaphinotus marginalis) after exposure to triclopyr 
treated soil. 

Dose Total# Dayl Day2 Day4 DayS Day7 DaylO Day12 Day 14 
(kglha) Organisms 

0 25 0 0 0 0 0 0 0 0 

14 26 0 1 3 3 3 3 3 3 

22 25 0 1 1 1 2 2 2 2 

30 25 0 1 4 5 8 8 8 8 

39 26 0 3 9 10 11 11 13 13 

48 5 0 2 3 5 5 5 5 5 



Mortality observations for the isopod (Ligidium sp) after exposure to triclopyr treated soil. 

Dose Total# Day1 Day2 Day3 Day4 DayS Day7 Day10 Day 12 Day 14 
(kg!ha) Organisms 

0 30 0 0 0 0 0 0 3 3 4 

4.5 32 5 7 11 12 13 13 13 13 13 

7.8 30 8 14 15 18 19 19 20 21 22 

11.2 30 15 23 24 25 26 26 26 26 26 

13.5 30 27 30 30 30 30 30 30 30 30 



Mortality observations for the isopod (Ligidium sp) after exposure to Garton 4 blank treated soil. 

Dose Total# Day 1 Day2 Day3 Day4 DayS Day6 Day7 Day 10 Day 12 Day14 

(kg/ha) Organisms 


0 20 0 0 0 0 1 1 1 1 1 1 


4.5 20 0 1 2 3 4 4 4 5 5 5 

7.8 20 1 3 4 6 6 6 6 7 7 7 

11.2 30 1 3 6 7 7 7 8 11 12 12 

13.5 	 30 5 5 7 7 10 11 12 15 16 16 


27 30 30 30 30 30 30 30 30 30 30 30 


0\ 
00 



Mortality observations for the millipede (H. haydeniana haydeniana) after exposure to triclopyr 
treated soil. 

Dose Total# Dayl Day2 Day3 Day4 DayS Day6 Day7 Day 10 Day 12 Day 14 
(kg/ha) Organisms 

0 30 0 0 0 0 0 0 0 0 0 0 

6.5 30 0 1 3 4 4 4 4 6 13 17 

13.5 30 0 2 2 3 4 12 16 28 30 30 

20 30 0 0 0 0 1 2 2 14 19 24 

27 30 1 1 1 2 4 8 15 28 30 30 

81 30 13 27 30 30 30 30 30 30 30 30 



Mortality observatons for the millipede (H. haydeniana haydeniana) after exposure to Garton 4 
blank treated soil. 

Dose (kg/ha) Total# Day 1 Day2 Day3 Day4 DayS Day6 Day7 Day 10 Day 12 Day 14 
Organisms 

0 30 0 0 0 0 0 0 0 3 3 3 

27 30 0 0 1 3 4 4 4 5 5 5 

35 30 1 1 2 2 5 5 5 6 6 7 

43 30 2 4 6 9 11 11 12 15 16 16 

52 30 3 6 8 10 10 11 13 16 17 17 

81 30 30 30 30 30 30 30 30 30 30 30 



Mortality observations for the earthworm (Lumbricus terrrestrius) after exposure to triclopyr 
treated soil. 

Dose (kg/ha) Total# Day7 Day14 
Organisms 

0 24 0 0 

14 24 0 0 

42 23 1 5 

70 27 0 1 

98 24 0 0 



Mortality observations for the earthworm (Lumbricus terrrestrius) after exposure to Garlon 4 
blank treated soil. 

Dose (kg/ha) Total# Day7 Day14 
Organisms 

0 24 0 2 

14 25 1 1 

42 22 1 2 

70 24 0 0 

98 24 1 0 
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AppendixB 


Probit Statistical Analysis 




Statistics from probit analysis of carabid beetle (Pterostichus inanis) exposure to triclopyr 
treated soil. 

LCSO 95% Confidence 95% Confidence Std. Err. 

Days of Estimate Interval Interval Regression Regression Pearson 

Exposure (kg/ha) lower upper Coefficient Coefficient Chi-squared df P-value 

49.62 46.26 57.57 21.13 6.29 0.79 3 0.85 

2 48.05 44.58 55.33 15.62 4.24 3.25 3 0.35 

3 46.70 43.68 51.18 15.54 3.5 5.92 3 0.12 

4 46.14 42.90 52.42 14.44 3.88 2.23 3 0.53 

5 46.14 42.90 52.42 14.41 3.88 2.23 3 0.53 

7 44.69 41.78 49.95 15.54 4.28 0.89 3 0.83 

14 43.23 39.98 48.27 12.30 2.97 1.41 3 0.70 

na = indicates statistic not avaiable at this time point 



Statistics from probit analysis of carabid beetle (Scaphinotus marginalis) exposure to 
triclopyr treated soil. 

LCSO 95% Confidence 95% Confidence Std. Err. 


Days of Estimate Interval Interval Regression Regression Pearson 


Exposure (kglha) lower upper Coefficient Coefficient Chi-squared df P-value 


na na na na na na na na 

2 130.03 na na 2.17 1.21 2.99 3 0.39 

4 61.49 na na 2.56 0.92 5.18 3 0.16 

5 46.57 na na 3.38 0.94 10.50 3 0.02 

7 41.10 33.71 64.62 3.49 0.91 6.89 3 0.08 


10 41.10 33.71 64.62 3.49 0.91 6.89 3 0.08 


12 38.30 32.26 53.49 3.85 0.92 6.65 3 0.08 


14 38.30 32.26 53.49 3.85 0.92 6.65 3 0.08 


na = indicates statistic not avaiable at this time point 

......:. 
V\ 



Statistics from pro bit analysis of isopod (Ligidium sp) exposure to triclopyr treated soil. 

LC50 95% Confidence 95% Confidence Std. Err. 


Days of Estimate Interval Interval Regression Regression Pearson 


Exposure (kg/ha) lower upper Coefficient Coefficient Chi-squared df P-value 


1 9.28 8.02 10.89 4.02 0.76 9.21 3 0.01 

2 7.13 6.15 8.09 4.83 0.77 6.05 2 0.05 

3 6.24 5.00 7.27 3.92 0.73 7.52 2 0.02 

4 5.71 4.41 6.71 3.90 0.75 4.85 2 0.09 

5 5.40 4.08 5.60 3.90 0.77 4.21 2 0.12 

7 5.40 4.08 6.38 3.90 0.77 4.21 2 0.12 

10 5.31 4.00 6.28 3.93 0.78 3.40 2 0.18 

12 5.36 4.16 6.29 4.11 0.77 2.70 2 0.26 

14 	 5.28 4.08 6.20 4.15 0.78 2.44 2 0.30 


na indicates statistic not avaiable at this time point 

-.....1 
0\ 



Statistics from pro bit analysis of isopod (Ligidium sp) exposure to Garlon 4 blank 
treated soil. 

LC50 95% Confidence 95% Confidence Std. Err. 

Days of Estimate Interval Interval Regression Regression Pearson 

Exposure (kglha) Lower upper Coefficient Coefficient Chi-squared df P-value 

1 16.35 Na na 9.06 1.50 26.30 3 0 

2 16.02 Na na 5.26 0.80 40.40 3 0 

3 14.78 Na na 4.18 0.67 22.00 3 0 

4 14.11 Na na 3.46 0.60 22.30 3 0 

5 13.22 Na na 3.24 0.57 19.80 3 0 

6 12.99 Na na 3.26 0.57 18.70 3 0 

7 12.54 Na na 3.29 0.58 16.00 3 0 

10 10.92 8.99 13.22 3.06 0.56 11.40 3 0.01 

12 10.55 8.67 12.66 3.11 0.57 9.66 3 0.02 

14 10.55 8.67 12.66 3.10 0.57 

na = indicates statistic not avaiable at this time point 

9.66 3 0.02 

-....) 
-....) 



Statistics for pro bit analysis of millipede (H. haydeniana haydeniana) exposure to triclopyr 
treated soil. 

Days of 

Exposure 

LC50 

Estimate 

(kglha) 

95% Confidence 

Interval 

lower 

95% Confidence 

Interval 

upper 

Regression 

Coefficient 

Std. Err. 

Regression 

Coefficient 

Pearson 

Chi-squared df P-value 

99.68 na na 3.87 0.90 0.36 3 0.95 

2 54.10 na na 3.71 0.51 64.70 3 0.00 

3 47.71 na na 3.26 45.00 92.50 3 0.00 

4 46.27 na na 2.84 0.41 63.20 3 0.00 

5 42.47 na na 2.76 0.40 42.80 3 0.00 

6 33.32 na na 2.34 0.37 29.37 3 0.00 

7 26.21 na na 2.36 0.38 29.90 3 0.00 

10 11.94 na na 2.78 0.50 31.70 3 0.00 

12 7.37 na na 2.36 0.58 27.30 2 0.00 

14 5.61 na na 2.47 0.64 

na = indicates statistic not avaiable at this time point 

14.50 2 0.00 

-...l 
00 



Statistics for pro bit analysis of millipede (H. haydeniana haydeniana) exposure to Garlon 4 
blank treated soil. 

Days of 

Exposure 

LC50 

Estimate 

(kglha) 

95% Confidence 

Interval 

lower 

95% Confidence 

Interval 

upper 

Regression 

Coefficient 

Std. Err. 

Regression 

Coefficient 

Pearson 

Chi-squared df P-value 

66.29 na na 12.20 1.83 15.90 3 0.001 

2 63.28 na na 11.18 1.72 6.25 3 0.10 

3 60.94 na na 8.41 1.20 10.40 3 0.02 

4 57.90 na na 6.89 0.98 13.90 3 0.003 

5 55.61 na na 5.87 0.88 12.01 3 0.01 

6 55.03 na na 5.96 0.90 10.61 3 0.01 

7 53.44 na na 6.14 0.92 8.28 3 0.04 

10 49.79 45.50 54.98 6.00 0.92 6.46 3 0.09 

12 48.89 44.73 53.82 6.13 0.94 5.99 3 0.11 

14 48.48 44.29 53.41 6.02 0.93 5.21 3 0.16 

na indicates statistic no~ avaiable at this time point -..I 
\0 




