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Abstract—In static experiments, we studied the effects of nitrate and nitrite solutions on newly hatched larvae of five species of
amphibians, namely Rana pretiosa, Rana aurora, Bufo boreas, Hyla regilla, and Ambystoma gracile. When nitrate or nitrite ions
were added to the water, some larvae of some species reduced feeding activity, swam less vigorously, showed disequilibrium and
paralysis, suffered abnormalities and edemas, and eventually died. The observed effects increased with both concentration and time,
and there were significant differences in sensitivity among species. Ambrystoma gracile displayed the highest acute effect in water
with nitrate and nitrite. The three ranid species had acute effects in water with nitrite. In chronic exposures, R. pretiosa was the
most sensitive species to nitrates and nitrites. All species showed 15-d LC50s lower than 2 mg N-NO2-/L. For both N ions, B.
boreas was the least sensitive amphibian. All species showed a high mortality at the U.S. Environmental Protection Agencyrecommended limits of nitrite for warm-water fishes (5 mg N-NO2-/L) and a significant larval mortality at the recommended limits
of nitrite concentration for drinking water (1 mg N-NO2-/L). The recommended levels of nitrate for warm-water fishes (90 mg NNO3-/L) were highly toxic for R. pretiosa and A. gracile larvae.
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Recent reports indicate that the Oregon spotted frog, Rana
pretiosa Baird and Girard 1853, has disappeared from most
of its known historical range in the last four decades [24,25].
These lowland areas have an intense agricultural use, and we
hypothesized that agricultural chemicals such as nitrogenous
fertilizers could have contributed to the near extirpation of R.
pretiosa from the Willamette Valley [26,27] and lowland valleys of the state of Washington, USA [24]. Red-legged frog,
R. aurora Baird and Girard 1852, seems to be lees common
than it once was in the heavily agricultural Willamette Valley
[28,29]. Western toad, Bufo boreas Baird and Girard 1852, is
not common in valleys of Oregon and Washington, USA
[28,29]. Other amphibians such as Pacific treefrog, Hyla regilla Baird and Girard 1852, and northwestern salamander,
Ambystoma gracile Baird 1857, are still present in these valleys, and a lower sensitivity to these pollutants could be one
reason why their populations appear to persist in areas where
ranid frog populations have declined.
To test the hypothesis that amphibians are sensitive to environmental levels of nitrate and nitrite and that there are interspecific differences in sensitivity to both ions, we studied
the dose–effect relationship of these ions on R. pretiosa, R.
aurora, B. boreas, H. regilla, and A. gracile larvae using
static laboratory experiments. We established median lethal
concentrations (LC50s) at 4, 7, and 15 d for both N ions for
each species.

INTRODUCTION

Species losses are occurring at unprecedented rates, primarily
through habitat destruction and alteration [1–3]. As part of this
biodiversity crisis, many amphibian species are exhibiting population declines and range reductions (cf., recent reviews in [4–
7]). Although habitat destruction is a major cause for amphibian
population losses, it does not seem to explain the decline of
populations of certain amphibian species in relatively undisturbed
areas, where suitable habitat seems to be available. It is possible,
however, that what seems to be suitable habitat for amphibians
may be habitat that has been significantly altered. For example,
chemicals used for various purposes may permeate lakes, ponds,
and streams, making them unsuitable for amphibians.
Water pollution and poor water quality are of global concern. Many chemical products used in agriculture and industry
pollute aquatic habitats, causing potential severe damage to
ecosystems [8,9]. Specifically, the increase in concentrations
of nitrate in surface water on agricultural land due to diffuse
sources may be hazardous to many wildlife species (cf.,
[10,11]). Nitrate-related compounds may have negative effects
on humans and fishes (methemoglobinemia, carcinogenesis
[9,12,13]), and ammonium nitrate fertilizer has an acute effect
on adult frogs [14]. Aquatic larval stages of some amphibians
are also susceptible to the negative effects of nitrate and nitrite
[15–19]. The early stages of many amphibians are restricted
to the aquatic environment, being susceptible to dermal absorption of toxic compounds and to ingestion of contaminated
materials in the water [20,21]. Recent data suggest that nitrogen-based fertilizers may be contributing to the decline of
some amphibian populations in agricultural lands [14,22,23].

MATERIALS AND METHODS

Study species
We collected R. aurora and A. gracile eggs from one pond
in Lincoln County, Coast Range, Oregon, USA, in February
1996. Hyla regilla eggs were collected from one pond in Benton County, Willamette Valley, Oregon, USA, in March 1996.
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Bufo boreas eggs were collected from Lost Lake, Linn County,
Cascade Mountains, Oregon, and R. pretiosa eggs were collected from Gold Lake, Lane County, Cascade Mountains,
Oregon. For each species, eggs from 10 different clutches were
collected in late stages of development in areas where they
were abundant. Each clutch or piece of clutch was introduced
in separate 4-L containers in the laboratory and eggs were
allowed to hatch. Larvae were used in experiments within a
week after hatching.
Experimental procedures
Four species (excluding R. aurora) were tested for sensitivity
to nitrate solutions, and all five species were tested for sensitivity
to nitrite solutions. Each species was tested independently. The
experiments were conducted in the laboratory at 158C under
artificial incandescent light with a natural photoperiod. Newly
hatched tadpoles were exposed to an N-nitrate and N-nitrite
dilution series (six treatment levels) and one control (no nitrate
or nitrite added) in a 15-d static test [30]. Tests were conducted
in 4-L tanks containing 3 L of solution. The 21 tanks (three
replicates for treatment) for each experiment were randomly
assigned to one of seven concentrations of chemical. Potassium
nitrate and sodium nitrite were used to make up solutions of
nitrate and nitrite, respectively. For nitrate treatments, we used
final concentrations of 0, 0.78, 1.56, 3.12, 6.25, 12.5, and 25
mg N-NO3-/L. In nitrite treatments, we used final concentrations
of 0, 0.22, 0.44, 0.88, 1.75, 3.5, and 7 mg N-NO2-/L. We used
the same concentrations for all species based on pilot trials
conducted on R. pretiosa. We used dechlorinated tap water
chemically treated to remove ammonia, chlorine, chloramine,
and heavy metals and to buffer pH. At the beginning of the
experiment, 20 larvae (two from each clutch 3 10 clutches for
each species) were randomly assigned to each treatment and
were placed in a tank. Larvae were fed ad libitum with lettuce
that was previously washed with distilled water and boiled for
1 min. Ion concentrations in the tanks were checked at day 7
and at the end of the experiments. Chemical analyses of water
were conducted using standard methodology [31]. Nitrate and
nitrite concentrations in the samples were determined colorimetrically on a Lachat Flow-Injection Autoanalyzer (Lachat Instruments, Milwaukee, WI, USA). No significant deviations
(greater than 25%) from the original ion concentrations were
detected. Solutions were replaced and tanks were cleaned at day
7. All the experiments were conducted for 15 d. Larval mortality, activity level and behavior, and the presence of abnormalities were monitored, and dead larvae were removed every
24 h.
Analysis of data
To determine if sensitivity to nitrate or nitrite differed
among species, we used analysis of covariance (ANCOVA),
with the dependent variable the proportion of dead larvae at
4 and 15 d (arcsin of square-root transformed), nitrogen concentration as the covariate, and species as the categorical variable. To determine if survivorship differed among species at
a specific ion concentration, we used post hoc univariate analysis of variance (ANOVA). Median lethal concentrations
(LC50s) were calculated for days 4, 7, and 15 using the probit/
log method [32].
RESULTS

Nitrate treatments
No mortality occurred in control tanks. There were significant differences in sensitivity among species (Table 1). In
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Table 1. Results of overall ANCOVAs for species effect of nitrate
on larval survival of four amphibian species (Rana pretiosa, Bufo
boreas, Hyla regilla, and Ambystoma gracile); dependent variables
are mortality at 4 and 15 d (arcsin of square root transformed) and
the covariate is nitrate concentration
Source of
variation

df

Mean
squares

4d

Concentration
Species
Error

1
3
79

15 d

Concentration
Species
Error

1
3
79

Variable

F

p

0.128
0.030
0.007

17.26
4.08

,0.001
0.009

1.405
0.575
0.032

44.51
18.21

,0.001
,0.001

higher concentrations of nitrate, larvae of A. gracile and R.
pretiosa reduced feeding activity; swam less vigorously;
showed disequilibrium, abnormalities (mainly edemas and
bent tails), and paralysis; and many eventually died. Bufo boreas and H. regilla larvae experienced very low effects at all
concentrations (Fig. 1). At day 4, A. gracile was the most
sensitive species and at the highest concentration showed significant mortality (ANOVA3,8: F 5 37.23, p , 0.001). The
three anurans did not experience significant mortality at day
4 in any nitrate concentration.
At day 15, there were differences in sensitivity among species (Table 1), and R. pretiosa and A. gracile were the most
sensitive (Fig. 1). The LC50 for R. pretiosa was 16.45
(61.383) mg N-NO3-/L and, for A. gracile, was 23.39 mg NNO3-/L. At nitrate concentrations of 12.5 mg N-NO3-/L, R.
pretiosa was more sensitive than A. gracile (Fig. 1; ANOVA3,8:
F 5 9.389, p , 0.01). Post hoc comparisons in the ANCOVA
and in the significant ANOVA for 25 mg N-NO3-/L did not
show significant differences in sensitivity between R. pretiosa
and A. gracile (Table 1).

Nitrite treatments
No mortality occurred in control tanks. At higher concentrations, larvae of the five species reduced feeding activity;
swam less vigorously; showed disequilibrium, abnormalities
(mainly edemas and bent tails), and paralysis; and many eventually died. The observed effects increased with both concentration and time, and there were significant differences in sensitivity among species (Table 2). The LC50 values indicate a
high sensitivity of the five amphibians to nitrite (Table 3). At

Fig. 1. Sensitivity to nitrate in larvae of four amphibian species after
15 d of exposure. Rp 5 Rana pretiosa, Bb 5 Bufo boreas, Hr 5
Hyla regilla, Ag 5 Ambystoma gracile. Significance levels of univariate ANOVAs for each concentration (NS, p . 0.05; **, p , 0.01;
***, p , 0.001) and post hoc pairwise comparisons for the significant
ANOVAs are addressed (different letter indicates significant differences).
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Table 2. Results of overall ANCOVAs for species effect of nitrite in
larval survival of five amphibian species (Rana pretiosa, Rana
aurora, Bufo boreas, Hyla regilla, and Ambystoma gracile );
dependent variables are mortality at 4 and 15 d (arcsin of square root
transformed) and the covariate is nitrite concentration
Source of
variation

df

Mean
squares

4d

Concentration
Species
Error

1
4
99

6.548
0.665
0.029

227.90
23.14

,0.001
,0.001

15 d

Concentration
Species
Error

1
4
99

31.285
0.467
0.116

270.49
4.04

,0.001
0.0045

Variable

F

P

day 4, there were differences in mortality among species (Table
2) and A. gracile had the highest mortality rate (Fig. 2a).
Ambystoma gracile larvae experienced a strong acute effect
at low nitrite concentrations, and only B. boreas showed low
mortality at all concentrations at this time (Fig. 2a). At day 7,
A. gracile was still the most sensitive species at lower nitrite
concentrations, but R. pretiosa had more mortality at higher
concentrations (Fig. 2b).
At day 15, the five species were very sensitive to nitrite
(Fig. 2c). There were differences in mortality among species
(Table 2), and R. pretiosa was the most sensitive (Fig. 2c;
mean mortality [6SE] of 16.7% [64.04%] in 0.44 mg N-NO2/L and 68.3% [64.04%] in 0.88 mg N-NO2-/L). In nitrite concentrations of 0.88 mg N-NO2-/L, R. pretiosa was seven times
more sensitive than R. aurora and 20 times more sensitive
than H. regilla.
DISCUSSION

Fig. 2. Sensitivity to nitrite in larvae of five amphibian species after
an exposure of (a) 4, (b) 7, and (c) 15. Rp 5 Rana pretiosa, Ra 5
Rana aurora, Bb 5 Bufo boreas, Hr 5 Hyla regilla, Ag 5 Ambystoma
gracile.

Ambystoma gracile is still present in lowland valleys of
western Oregon and Washington, while R. pretiosa is extremely rare in these areas [24,25]. Our experiments showed a strong
sensitivity of R. pretiosa and A. gracile larvae to relatively
low levels of both nitrate and nitrite. However, there were some
differences between both species in their response to the ions.
Ambystoma gracile had a stronger acute effect, but in most
of the treatments, some larvae survived until the end of the
experiments. Thus, some individuals may be more resistant to
nitrate and nitrite than others and they may be able to survive
in relatively nitrate–nitrite-enriched areas. However, R. pretiosa did not show quick adverse effects to the ions, but at
day 15, all R. pretiosa tadpoles showed a similar high sensitivity and death was relatively synchronous. Our results suggest that nitrogen-based chemical fertilizers are a possible
cause of the decline of R. pretiosa in the lowlands.
Introduced bullfrogs, Rana catesbeiana, may have contributed to the decline of R. pretiosa and other amphibians in
the Willamette Valley [6,29,33]. Bullfrogs may compete with
or prey upon native amphibian species and seem to alter their
use of habitat [34]. Bullfrogs may also be more tolerant to

nitrogen-based fertilizers than other amphibians, thus allowing
their number to increase in areas where there are other amphibians. Huey and Beitinger [15,16] found that bullfrog tadpoles were relatively tolerant to nitrite, showing a reduced
methemoglobin response. This apparent difference in sensitivity to nitrite could be contributing to the negative association
between bullfrogs and other amphibians in areas with an intense agricultural use.
Many public water supplies in the United States contain
levels of nitrate that routinely exceed concentrations of 10 mg
N/L [8]. In the Willamette Valley, average nitrate concentrations
of 17.8 and 21.9 mg N/L were recorded in water samples from
some crop soils receiving recommended rate of nitrogen fertilization [35]. These average values are highly toxic for R. pretiosa and A. gracile. Peak nitrate concentrations that eventually
would affect amphibians could be several times higher than
average values [36]. Excreted nitrogen by grazing cattle can
also exceed recommended levels of nitrate in drinking water
[37]. Nitrates themselves are of low toxicity, but they create
health problems when reduced to nitrites [38]. Levels of nitrite

Table 3. Median lethal concentrations (LC50 6 SE) of nitrite (mg N-NO22 /L) for aquatic larvae of five
amphibian species at 4, 7 and 15 days of exposure. Standard errors for LC50 are in parentheses
Day

R. pretiosa

R. aurora

B. boreas

H. regilla

A. gracile

4
7
15

6.82 (0.615)
1.30 (0.345)
0.57 (0.033)

5.59 (1.446)
4.00 (1.021)
1.19 (0.268)

.7.0
5.38 (0.646)
1.75 (0.612)

5.50 (0.742)
3.60 (0.650)
1.23 (0.312)

1.90 (0.737)
1.54 (0.598)
1.01 (0.279)
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in natural aquatic habitats are usually low, but under some circumstances and in specific areas such as shore sites with high
contents of organic matter, nitrite concentrations can rise to toxic
levels higher than 1 mg N-NO2-/L [39]. Nitrate can also be
reduced to nitrite in the gastrointestinal tract of animals, which
then reaches the bloodstream of animals, particularly the youngest ones [8].
The recommended level of nitrate for drinking water (10
mg N-NO3-/L; [8]) is moderately toxic for R. pretiosa. The
recommended level of nitrate for warm-water fishes (90 mg
N-NO3-/L; [8]) is almost four times higher than the LC50 at
15 d for R. pretiosa and two times higher than that for A.
gracile. The recommended level of nitrite for drinking water
(1 mg N-NO2-/L; [8]) is highly toxic for R. pretiosa and A.
gracile and is moderately toxic for the rest of the amphibians
tested. The LC50 for nitrite at 15 d for all the studied species
(Table 3) was largely below the recommended level for warmwater fishes (5 mg N-NO2-/L; [8]). These results indicate that
U.S. Environmental Protection Agency water-quality criteria
do not guarantee the survival of some protected and endangered amphibians. We agree with other authors who suggest
the need to establish water quality criteria for amphibians [40],
and we consider that larvae of sensitive species could be used
as bioindicators of water quality in the Pacific Northwest.
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