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METHODS

We mapped habitat types based on 1:7,850 panchromatic aerial photographs.  
Vegetation types on our study area occurred in discrete patches; it was relatively easy 
to draw boundaries between types.  Moreover, recognizing only two habitat types 
(dense stands of live oak, and more open areas) made this process simple. 

We established a weather station in open grassland on the study site that recorded 
data at 10-min intervals including air temperature (oC) in a shaded enclosure, relative 
humidity (%), solar radiation (watts * m-2), wind speed (m * min-1), and precipitation 
(mm * 10 min-1).  We also placed six black-body thermocouple devices at different 
locations; two in live-oak cover and four in other more open habitats.  These devices 
consisted of a thermocouple placed inside a copper toilet-bowl float approximately 
10 cm in diameter painted flat black.  Each device was constructed with two floats 
placed at 0.3 m and 1 m above the ground to represent a deer lying and standing, 
respectively.  Data from thermocouples were recorded at 10-min intervals and then 
averaged to encompass temperatures experienced by bedding or standing deer.  Black-
body temperatures are related to ambient air temperature, solar radiation, and wind 
speed; these devices have been used previously to represent thermal environments 
experienced by a variety of animals (Bakken 1992).  Our black-body analogues were 
smaller than the body mass of a deer and hence, gained and lost heat more rapidly than 
an individual animal.  Consequently, these devices underestimate the actual radiant 
heat load on a deer, thereby providing a conservative estimate of the heat load and 
subsequent response of deer to thermal environments. 

We used a subset of data from a previously conducted, broader study on effects 
on cattle grazing on black-tailed deer during winter in northern California (Kie and 
Boroski 1995) to address whether weather variables affected selection of habitats by 
black-tailed deer.  No cattle were present, however, in the portions of our study area 
during the time we collected data for this study.  Adult female deer were captured 
between November 1989 and January 1993 with drop nets, clover traps, or by driv-
ing them into panel nets with a helicopter (Schemnitz 1994).  Captured deer were 
fitted with VHF radio-telemetry collars (Telonics Inc., Mesa, Arizona, USA) and 
monitored periodically over 20-h periods with a receiver and a dual-null, direction-
finding antenna array.  Locations were calculated from synchronous azimuths based 
on null signals from two or more permanent antenna sites.  We monitored locations 
(n = 249) for five deer between 15 January and 12 March 1991 in our analysis.  
Activities of deer were not sampled as part of this research; direct observations of 
deer in dense live-oak habitat would have been difficult.  Diel activity patterns for 
mule deer, however, are well documented, with increases in standing and foraging 
during crepuscular periods (Eberhardt et al. 1984, Bowyer and Kie 2004).  Our 20-h 
sampling periods incorporate such changes in deer activity across their diel cycle 
and their subsequent effects on habitat selection.  All experimental protocols fol-
lowed animal welfare guidelines subsequently established by the American Society 
of Mammalogists (American Society of Mammalogists 1998).

We placed radio-telemetry collars at 68 random points across the study site and 
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the imazapyr-based herbicides stalker® and habitat® and the triclopyr-
based herbicide garlon® 3a are commonly used to control invasive, exotic 
plants in wildland settings where non-target amphibian species may 
be present. of particular concern is the federally-threatened california 
red-legged frog, Rana aurora draytonii, (crlf). in order to assess the 
toxicity risk to amphibians, acute toxicity tests were conducted with 
the herbicide formulations and their active ingredients, using bullfrog, 
Rana catesbeiana, tadpoles. all of the herbicides, with the exception of 
stalker®, were found to be within the u.s. epa’s “practically non-toxic” 
category for acute lethality to aquatic organisms. stalker® was found to 
be in the ‘slightly toxic’ range. the calculated toxicity values were then 
compared to herbicide environmental concentrations using the risk 
quotient (rQ) method. rQ values for all the herbicides were below the 
u.s. epa’s level of concern for listed aquatic species.  

INTRODuCTION

Formulated herbicide products containing either the isopropylamine (IPA) salt of 
imazapyr or the triethylamine (TEA) salt of triclopyr are commonly used to control 
invasive, exotic plant species in wildland settings. Common examples include the 
control of giant cane, Arundo donax, in riparian areas in southern and central Cali-
fornia, and the removal of the exotic tree species tamarisk, Tamarix spp., in riparian 
and oasis areas in the deserts of southern California.  Because these compounds may 
be used in or near water, concerns have been raised regarding their potential impacts 
on amphibian species, in particular, the California red-legged frog, Rana aurora 
draytonii, (CRLF). The CRLF is listed as a threatened species by the United States 
Fish and Wildlife Service under the Federal Endangered Species Act. 

The goal of this study was to develop acute toxicity values for technical imazapyr 
acid and the imazapyr IPA salt products Habitat® and Stalker®, and technical triclopyr 
TEA salt and the triclopyr TEA salt product Garlon® 3A to larval ranid frogs. Bullfrog, 
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in February and March, growth rates of plants increased and herbaceous forage was 
both abundant and nutritious.  As annuals began to dry and cure in April and May, 
forage quality declined (Kie and Boroski 1995).

Blue oak-gray pine and gray pine habitats were dominated by a mixture of those 
trees.  Herbaceous understory was similar to that in blue oak-dominated habitats, but 
was generally less productive in those types with higher vertical closures of over-
story canopy.  Small patches of non-deciduous interior live oak occurred in narrow 
stringers (Fig. 1).  These habitats were often dense, closed-canopy stands with little 
or no understory.  Where stands were open, shrubs included buck brush, California 
coffeeberry, Rhamnus californica, mountain mahogany, Cercocarpus betuloides, 
western redbud, Cercis occidentalis, poison oak, Toxicodendron diversilobum, and 
manzanita, Arctostaphylos spp.  We combined live-oak habitats with closed overstories, 
and more open areas into two habitat types for purposes of analysis.

Figure 1:  Study site at Tehama Wildlife Management Area, California, USA, showing: a) live-oak 
cover (dark gray), and other, non-cover habitats (light gray), b) live-oak cover with a 150-m buffer 
(medium gray), c) location of random points, and d) locations of an individual deer between 15 
January and 12 March 1991.  Extent of study site extent was approximately 3.1 × 3.1 km.

Rana catesbeiana, tadpoles were used as a surrogate for CRLF tadpoles. Previous 
research has shown that bullfrog tadpoles have similar sensitivity to pesticides as 
compared to other ranid species (Relyea 2003, 2004). The toxicity values determined 
from this study were then compared to known or estimated environmental concen-
trations (ECs). These comparisons allowed us to assess the acute toxicity hazard for 
each of these herbicides based on the risk quotient (RQ) method (U.S. EPA 2004).  
The RQ method estimates risk by comparing an exposure concentration to an effects 
concentration (exposure/toxicity). 

Herbicide Formulations

The imazapyr product Stalker® is an emulsifiable concentrate containing 27.6% 
of the IPA salt of imazapyr (SERA 2004). It is used exclusively in terrestrial settings, 
often involving either cut stump or basal bark application methods. Habitat®, another 
imazapyr formulation, contains 28.7% of the IPA salt of imazapyr. It is water-based 
and is commonly used in both terrestrial and aquatic settings (Ibid).  The triclopyr 
product Garlon® 3A contains 44.4% of the TEA salt of triclopyr and is typically 
applied in terrestrial settings via foliar sprays, cut stump treatments, and basal bark 
sprays (SERA 2003). Garlon® 3A also includes the chelating agent ethylene diamine 
tetraacetic acid (EDTA) and ethanol (Ibid).

  
Aquatic Toxicity of the Herbicides

There are no acute toxicity data for larval amphibians for imazapyr or its for-
mulated products Habitat® and Stalker®. Similarly, no acute toxicity data for larval 
amphibians have been developed for triclopyr TEA and Garlon® 3A.  The U.S. EPA 
uses fish as surrogate species for larval amphibians when larval amphibian toxicity 
data are not available (U.S. EPA 2004).  Previous studies (SERA 2004) have shown 
that technical imazapyr is practically non-toxic to fish species such as bluegill sunfish, 
Lepomis microchirus; and rainbow trout, Oncorhynchus mykiss. The 96-h LC50 values 
determined by these studies all exceeded 100 mg/L.  Triclopyr TEA, like imazapyr, 
is practically non-toxic to both bluegill and rainbow trout with 96-h LC50 values of 
891 and 552 mg/L, respectively.  

Fish toxicity data for formulated products are limited. No data could be found 
for the imazapyr formulations Habitat® or Stalker®. Previous research had reported a 
96-h LC50 value of 23,336 mg/L (as imazapyr) for the imazapyr formulation Arsenal® 
for juvenile rainbow trout1. King et al. (2004) found a similar LC50 value of 22,305 
mg/L (as imazapyr). For Garlon® 3A, Morgan et al. (1991) reported a 96-h LC50 value 
of 400 mg/L (as triclopyr TEA). This value is very similar to the results of previous 
studies that found triclopyr TEA LC50 values for the formulation between 300 and 
1Entrix, Inc. 2003. Ecological Risk Assessment of the Proposed Use of the Herbicide 

Imazapyr to Control Invasive Cordgrass (Spartina spp.) in Estuarine Habitat of 
Washington State, prepared for Washington State Department of Agriculture, 
October 30, 2003.
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bins 1984, Renecker and Hudson 1986, Parker and Gillingham 1990, Cook et al. 
1998).  Traditional studies of habitat selection by large mammals, however, rarely 
have incorporated differences resulting from variable abiotic conditions.  Recently, 
increasing attention has been paid to daily and seasonal cycles in habitat use (Ager et 
al. 2003).  Moreover, use of habitats by ungulates in northern latitudes to ameliorate 
abiotic extremes during winter has been a concern of resource managers (Cook et 
al. 1998), and computer simulations have demonstrated the value of canopy cover 
(Porter et al. 2002).  Nevertheless, when tested empirically, captive North American 
elk, Cervus elaphus, lost less body mass during winter when constrained to habitats 
with no overstory tree cover compared with areas with cover, presumably because of 
the benefits of additional solar radiation (Cook et al. 1998).  Hence, a more thorough 
understanding of habitat use by ungulates requires an integration of thermal charac-
teristics in models of resource selection.  Critical questions (Parker and Gillingham 
1990) are (1) to what degree, and (2) in what manner do thermoregulatory constraints 
influence habitat selection by large mammals? 

Our purpose was to develop methods to assess the role of the thermal environ-
ment in habitat selection, and test if weather variables affected selection of habitats 
by black-tailed deer, O. h. columbianus, during winter.  This research also should 
provide direction relative to the importance of including thermal data in models of 
habitat selection for large herbivores.  

STUDY AREA

We conducted research on the Tehama Wildlife Management Area in northern 
California, USA (121o 50’W, 40o 15’N), approximately 30 km east-northeast of Red 
Bluff.  The area encompassed 17,850 ha of winter range used by the East Tehama 
deer herd.  The study site was a 3.1 km × 3.1 km area at about 600 m in elevation 
with little topographic relief (Fig. 1).  Data were collected between 15 January and 12 
March 1991.  The climate was Mediterranean; winters were cool and wet and sum-
mers were hot and dry.  Annual precipitation averaged 960 mm in nearby Redding, 
California, with most of that falling as rain between October and May. 

Major habitat types were defined based on the dominant overstory tree species.  
Deciduous blue oak, Quercus douglasii, savanna and blue oak woodland were the 
most common habitat types.  Most overstory tree species were blue oaks, with scat-
tered gray pines, Pinus sabiniana, non-deciduous interior live oaks, Q. wislizenii, 
and California buckeyes, Aesculus californica.  Wedgeleaf ceanothus, Ceanothus 
cuneatus, was the most common shrub in blue oak habitat types, but scrub oak, Q. 
berberidifolia, also was present (Kie and Boroski 1995).  

An understory of annual grasses and forbs was common.  Typical species in-
cluded slender wild oat, Avena barbata, ripgut brome, Bromus diandrus, soft chess, 
B. hordeaceus, redstem filaree, Erodium cicutarium, blue dicks, Dichelostemma capi-
tatum, and bur clover, Medicago polymorpha.  Annual grasses and forbs germinated 
with autumn rains in October each year.  During cool winter months, these annuals 
provided limited amounts of high-quality forage for deer.  With warming weather 
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450 mg/L (Wan et al. 1987; Barron and Ball 19892; Abdelghani 1997) 

METHODS

Adult bull frogs were obtained from a commercial supplier in Twin Falls, Idaho.  
The adults were bred at the California Department of Fish and Game’s Aquatic 
Toxicology Laboratory in Elk Grove, California (ATL). The resulting tadpoles were 
maintained at the ATL facility inside constant-temperature environmental chambers 
set at 22 +1oC.  Tadpoles from 3 to 18 days post-hatch (15 mg, estimated mean) were 
used for the 96-h bioassay analysis.

Static acute toxicity tests (96-h) with 48-h renewal of test solutions were performed 
following standard procedures (ASTM 1996, CDFG 2007). Test chambers were 
1000-ml Pyrex® measuring cups containing 400 ml of test solution.  Tadpoles were 
exposed to one of five different concentrations of each material based on preliminary 
range-finding tests.  There were four replicates per treatment group.  Each replicate 
had 10 tadpoles per test chamber with a loading ratio of approximately 0.40 (g/L) at 
a temperature of 22°C. 

Test solutions were analyzed for active ingredient concentrations by the DFG Water 
Pollution Control Laboratory. Samples were analyzed by gas chromatography-mass 
spectrometry (GC/MS).  The LC50 values were based on concentrations of active 
ingredients in the commercial products. Results for the imazapyr IPA salt products 
Habitat® and Stalker® were converted to acid equivalents in order to provide simplified 
comparisons to the technical (acid) product3.  Percent recovery of spikes averaged 
98.6% for imazapyr and 103.8% for triclopyr TEA. 

RESuLTS AND DISCuSSION

Based on 96-h LC50 values (Table 1), all of the compounds, with the exception 
of Stalker®, were within the U.S. EPA’s “practically non-toxic” category for aquatic 
lethality to aquatic organisms (U.S. EPA 2004). Stalker® with an LC50 value of 14.7 
mg/L was found to be in the “slightly toxic” range. The toxicity values for the techni-
cal compounds were similar to those values previously reported for larval fish. This 
appears to support the appropriateness of using fish as a surrogate test species for 
larval amphibians. 

Stalker® had the highest toxicity of the five compounds. It was more toxic to 
bullfrog tadpoles than technical imazapyr acid by a factor of 54. Technical triclopyr 
TEA was similar in toxicity to technical imazapyr. Garlon® 3A was found to be almost 
five times more toxic than its parent compound triclopyr TEA. 

Laboratory-derived toxicity values are of limited use for assessing environmental 
risk when they are not compared to environmental concentrations. In order to more 

2Unpublished study prepared by The Dow Chemical Co. 15 p.

3The conversion from active ingredient to acid equivalents is [imazapyr a.i.] x (261 amu/320 
amu)
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ABSTRACT

 We studied black-tailed deer, Odocoileus hemionus columbianus, in 
northern California, USA, during winter to test the importance of thermal 
conditions on habitat selection.  During warm days, temperatures from 
black-body devices were higher than ambient air temperatures in habi-
tats other than live oak, Quercus wislizenii, but were closer to ambient 
temperatures in dense live-oak cover.  Deer were more likely to occur 
in or near (≤ 150 m) live oak than were random locations, spending 80% 
of their time in or near live oak during day and 70% of their time in that 
habitat at night.  We determined whether deer would occur in or near live 
oak based on the interaction between wind speed and relative humidity, 
which had an 18% probability of being the best model.  We formulated a 
resource-selection function, which indicated that a point in or near live-
oak cover was more likely to be a deer location than a random point (P = 
0.004).  When it was windy, habitat was not a significant predictor of deer 
locations versus random points (P > 0.05).  When it was calm, not only 
was habitat a significant predictor (P = 0.035), but the model performed 
substantially better than did the model for all wind conditions based on 
Akaike Information Criterion (AIC) scores.  We concluded that black-tailed 
deer in winter pelage were using live-oak thickets to ameliorate heat gain 
on calm, warm days with low humidity, but acknowledge that other fac-
tors, such as risk of predation, also may play a role.  Our results have 
implications for assessing thermal data in studies of resource selection 
by other large herbivores.

INTRODUCTION

Recent studies of captive animals have resulted in a better understanding of 
thermal requirements of ungulates in coping with climatic stress (Parker and Rob-
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accurately assess the risk, we compared each compound’s LC50 values to the highest 
known or estimated environmental concentration of that compound’s active ingre-
dient in water. This approach provided a conservative risk estimate for the frog’s 
larval lifestage. 

In 2006, the San Francisco Estuary Invasive Spartina Project (ISP) conducted 
imazapyr monitoring as part     of its non-native spartina eradication effort. The im-
azapyr herbicide Habitat® was used at its maximum label rate (96 oz Habitat®/acre) 
during the project. Application event samples were collected immediately adjacent 
to the treatment area approximately 3 hours post-treatment. Sampling points were 
purposefully selected in areas that might retain herbicide residues longer than sites 
that would receive a high volume flush of water immediately upon the return of the 
tide.  The maximum imazapyr concentration detected during the project was 0.4 mg 
a.e./L (mean concentration = 0.23 mg a.e./L). When the maximum concentration is 
used in an RQ analysis, the resulting RQ value for Habitat® is 0.0002; the Stalker® 
RQ value is 0.027. The U.S. EPA uses an RQ value of 0.05 as the level of concern 
(LOC) for listed aquatic species such as the CRLF (U.S. EPA 2004).  These results 
indicate a very low toxicity risk to larval frogs that are present in aquatic sites that 
receive direct applications of imazapyr IPA salt herbicides (Table 2). 

Similar results are obtained with triclopyr TEA. The USDA Forest Service uses 3.5 
mg a.i./L4 triclopyr TEA for estimating environmental exposure in water (SERA 2003). 
When this concentration value is divided by ranid tadpole LC50 values, RQ values 
less than 0.05 are obtained for both Garlon® 3A and triclopyr TEA (Table 2). 

CONCLuSION

The results of this study indicate that the direct application of imazapyr IPA and 
triclopyr TEA herbicides to water do not pose a significant acute toxicity hazard to 
bullfrog tadpoles.  Calculated RQ values for each of the tested materials were below 
the U.S. EPA’s level of concern of 0.05 for listed aquatic animals. This supports the 

4The USFS document uses a 2.5 mg a.e./L value which is equal to 3.5 mg a.i./L. 

Compound LC50 (mg/L) 95% C.I.  

Technical imazapyr acid 799.6 775.8 – 824.6
Stalker®(as imazapyr acid) 14.7 11.2 – 17.9
Habitat® (as imazapyr acid) 1,739 990.6 – 2,256.7

Technical triclopyr TEA salt 814.1 769.6 – 847.1
Garlon®3A (as triclopyr TEA salt) 174.5 174.5 – 174.5

Table 1:  Bullfrog tadpole 96-h LC50 and 95% confidence interval values for technical im-
azapyr and technical triclopyr TEA and their formulations.
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environmental appropriateness of applying the formulated products assessed in this 
study to sites that are directly adjacent to ranid tadpole habitat. In the case of the im-
azapyr herbicide Habitat®, the data indicates a large safety factor when the formulated 
herbicide is applied directly to these aquatic habitat sites. 

A comparison of the LC50 values for the technical materials and formulated 
products reveals how toxicity can be influenced by either the form of the chemical 
tested or by the presence of non-herbicidal formulation constituents. For example, 
the two imazapyr IPA salt formulations Stalker® and Habitat® have widely differing 
toxicity values, presumably because of the presence of non-herbicidal constituents 
in Stalker®. This difference in toxicity is consistent with the respective label instruc-
tions for each of these products. Habitat®, with its low aquatic toxicity, can be used 
in water. Label directions for the more toxic Stalker® include a prohibition against 
direct application to water. Garlon® 3A’s toxicity also appears to be influenced by 
non-herbicidal constituents; it’s approximately five times more toxic than its parent 
compound.  As with Stalker®, label instructions for Garlon® 3A prohibit the applica-
tion of the herbicide directly to surface water. 
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environmental appropriateness of applying the formulated products assessed in this 
study to sites that are directly adjacent to ranid tadpole habitat. In the case of the im-
azapyr herbicide Habitat®, the data indicates a large safety factor when the formulated 
herbicide is applied directly to these aquatic habitat sites. 

A comparison of the LC50 values for the technical materials and formulated 
products reveals how toxicity can be influenced by either the form of the chemical 
tested or by the presence of non-herbicidal formulation constituents. For example, 
the two imazapyr IPA salt formulations Stalker® and Habitat® have widely differing 
toxicity values, presumably because of the presence of non-herbicidal constituents 
in Stalker®. This difference in toxicity is consistent with the respective label instruc-
tions for each of these products. Habitat®, with its low aquatic toxicity, can be used 
in water. Label directions for the more toxic Stalker® include a prohibition against 
direct application to water. Garlon® 3A’s toxicity also appears to be influenced by 
non-herbicidal constituents; it’s approximately five times more toxic than its parent 
compound.  As with Stalker®, label instructions for Garlon® 3A prohibit the applica-
tion of the herbicide directly to surface water. 
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Herbicide EC (mg/L) RQ (EC/LC50)
Technical imazapyr acid 0.40 0.40/799.6 = 0.0005

Stalker® (27.6% imazapyr IPA salt) 0.40   0.40/14.7 = 0.027

Habitat® (28.7% imazapyr IPA salt)
 

0.40 0.40/1739 = 0.0002

Technical triclopyr TEA salt
 

3.50  3.50/814.1= 0.004

Garlon®3A (44.4% triclopyr TEA salt) 3.50  3.50/174.5= 0.020

Table 2. Environmental concentrations in water (EC) and risk quotients (RQ) for technical 
imazapyr and technical triclopyr TEA and their formulations.




