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Abstract-The insect ic ide feni t roth ion is  sprayed twice,  5 to l0 d apart ,  to contro l  spruce budworm. To assess the ef fects of

pulsed exposure of  feni t roth ion to d i f ferent  species of  amphibians,  we exposed l -  and 8-d-old tadpoles of  wood f rogs,  leopard

frogs,  green f rogs,  bul l f rogs,  and American toads,  as wel l  as larvae of  the spot ted salamander,  to 2 to 9 ppm of  the insect ic ide

for  24 h.  Our resul ts indicate that  wi th in each ranid species,  day- l  and day-8 tadpoles are equal ly  sensi t ive,  and tadpoles ex-
posed twice, on day I and day 8, are no more sensitive to the second exposure than to the first. Bullfrog and green frog tad-
poles are more sensitive to exposures than are wood frog and leopard frog tadpoles, exhibiting paralysis at lower concentrations,

and they are affected by exposure to the carrier compounds as well as the insecticide. The greater sensitivity of the green frog

and bullfrog tadpoles correlates with their smaller size and earlier developmental stage at hatching. American toad tadpoles are

more to lerant  of  pulsed exposure to feni t roth ion than are any of  the ranids,  whereas the spot ted salamander larvae are as sensi-

tive as are the bullfrog and green frog tadpoles.
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sociated with the spraying [10]. However, transect surveys

of adults ini t iated in l99l indicated that, while most species

were not abundant enough for analysis, mink frog densit ies

were negatively correlated with fenitrothion spraying in pre-

vious years [1 1] .  In lab experiments, embryos of three other

ranid species (leopard frog, green frog, bullfrog) hatched suc-

cessfully after 24-h exposures to fenitrothion concentrations
as high as 8 ppm, but newly hatched tadpoles were tempo-

rarily paralyzed by exposure for 24 h to concentrations as low

as 2 to 4 ppm and often died at 8 ppm [9]. Continued use of

fenitrothion in control of forest defol iators is l ikely to have

a negative impact on the amphibian community.
Because fenitrothion is usually sprayed twice in succes-

sion, 5 to l0 d apart,  tadpoles may then be exposed to the
pesticide twice prior to metamorphosis. Init ial  exposure to
fenitrothion may render tadpoles more sensitive to a second

exposure, for they could still be recovering from depressed

cholinesterase activity when exposed for a second time. Sen-
sitivity of tadpoles to fenitrothion exposure may also be cor-
related with their developmental stage, for cholinesterase
inhibit ion may vary as the rate of neuromuscular dif feren-
tiation changes during early development. As a result, l-d-old

and 8-d-old tadpoles may dif fer in sensit ivi ty, confounding
the perceived effects of a second exposure.

Different species are also likely to vary in sensitivity. Ini-

t ial  lab experiments on newly hatched ranid tadpoles indi-
cated that leopard frogs may be less sensitive to exposure to
fenitrothion than either green frogs or bullfrogs [9]. If a more

sensit ive species hatches at a smaller size or stage than a less

sensit ive species, dif ferences in species sensit ivi ty may actu-

INTRODUCTION

The organophosphorus insecticide fenitrothion has been
used to control forest defol iators such as pine sawyer bee-
tles, Monochamus alternatus [], and the spruce budworm,
Choristoneura fumiferana l2l. It has been the insecticide of
choice in the intensively managed forests of New Brunswick
for over 20 years, where i t  is usually appl ied twice to each
operational spray block, 5 to l0 d apart [3]. As a result, it has
been cited as an example of a pesticide possibly contr ibut-
ing to amphibian decline [4]. Small water bodies are unavoid-
ably contaminated by spraying and, although concentrations
in lotic systems are diluted rapidly to levels likely to have lit-
t le biological impact [5],  surface-water concentrat ions of
small  shal low ponds may reach a maximum of 2.5 ppm
(mell-) [3].

Fenitrothion has a short half- l i fe of 24 to 48 h, breaking
down to less toxic products by hydrolysis and photolysis. I t
is a nonreversible chol inesterase inhibitor. and animals ex-
posed to i t  experience depressed brain acetylchol inesterase
activity. The rate of recovery is directly related to extent of
depression [6].  Populat ions of aquatic invertebrates in bog
ponds are reduced by as much as 5090 [7],  and simulated ex-
posures indicate that fish and amphibians are likely to be sen-
sit ive to pond contaminations [8,9].

Nine anuran amphibians are native to New Brunswick,
and they breed in areas potentially subjected to spraying. Ini-
tial surveys indicated no reduction of frog populations as-
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ally be correlated with developmental stage. For exampie,
green frog and bul l frog eggs may hatch at a less developed

stage than leopard frog eggs; as they develop further, green

frog and bul l frog tadpoles should then decrease in sensit iv-
i ty as they approach the hatching stage of leopard frogs.

Whether or not species dif ferences in sensit ivi ty are at

least in part a result of dif ferent developmental trajectories,
the l imi ted data ava i lab le  suggest  that  a  spec ies more sens i -

t ive to one contaminant is l ikely to be relat ively more sensi-

t ive to another contaminant. For example, as tadpoles or

embryos, leopard frogs and American toads are less sensi-
t ive to exposure to both low pH and pyrethroid insecticides
than are green frogs. On the other hand, spotted salaman-

ders are considerably more sensitive to both stresses than any
of the anurans [2,13]. I f  relat ive sensit ivi ty to contaminants
remains consistent, then American toads should be relatively'

tolerant of fenitrothion exposure, while spotted saiamanders

should be more sensit ive. Wood frogs, part icularly tolerant
of  low pH [3 ] ,  but  o f  unknown sens i t iv i ty  to  pest ic ides,

should then also be more tolerant of exposure to fenitrothion.
Our experiments therefore compare sensit ivi ty of newly

hatched tadpoles of four ranids (wood frog, leopard frog,
green frog, and bullfrog) as well as newly hatched American
toad tadpoles and spotted salamander larvae. We tested the
I 'ol lowing predict ions: (a) newly hatched tadpoles should be
more sensitive to a second or pulsed exposure to fenitrothion

than they are to a single exposure; (b) 8-d-old tadpoles should
differ in sensitivity from l-d-old tadpoles; (c) green frog and
bullfrog tadpoles should be more sensitive to fenitrothion ex-
posure than wood and leopard frog tadpoles, and this greater

sensit ivi ty should be correlated with earl ier developmental
stage at hatching; and (d) a consistent order of sensit ivi ty to
contaminant exposure should exist among the amphibians,
with rvood frogs least sensit ive, and American toads, leop-
ard frogs, green frogs, bul l frogs, and spotted salamanders
progressively more sensit ive.

METHODS

Egg collection and tadpole culture

Egg masses of wood frogs (Ran a sylvatica), leopard frogs
(R. pipiens), green frogs (R. clamitans), bullfrogs (R. cates-
beiana), American toads (Bufo americanus), and spotted sal-
amanders (Ambystoma moculatum) were col lected short ly
after they were laid from ponds in central Ontario during the
spring and summer of 1993. Egg masses were cultured in the
lab until the eggs hatched. Tadpoles were maintained at l5"C
and fed small  amounts of boi led lettuce. Two weeks after
hatching, at the end of the exposure experiments, tadpoles
were released at the sites where thev were col lected.

Experimenta I conditions

Tadpoles of each of the four ranid species were exposed
to fenitrothion on day I (experiment l), day 8 (experiment 2),

and days I and 8 (experiment 3) after hatching. American
toad tadpoles and spotted salamander larvae were exposed
on days I and 8 (experiment 3) after hatching. Al l  tadpoles
were 0.5 to 1.0 cm long when exposed. Exposures and recov-

eries occurred in l-L beakers half filled with river water, with

l0 tadpoles per beaker. Because the six species breed sequen-

t ial ly during the spring and summer, they were tested one or

two at a t ime from late Apri l  unti l  early August. With each

of'the four ranid species, the three experiments were run con-

currently. Al l  erperiments were run in tr ipl icate.
Exposure to fenitrothion lasted 24h, and nominal expo-

sure concentrat ions were I ,  2, 5, and 9 ppm. Before prepar-

ing the 1,000-ppm stock solut ion of fenitrothion from a 480
giL (96V0 a.i .) ,  the fenitrothion was dissolved in an equal
volume of dawanol, a solvent; an emulsif ier, Atlox, was then

added in a volume equal to that of the solvent. Appropriate
volumes of stock were then added to 500 ml of f i l tered r iver
water to make up the experimental exposures. For most of
the experiments, the three repl icates of the nominal concen-
trat ions were each subsampled for ertract ions and residue
analyses. Controls consisted of uncontaminated f i l tered r iver
water, and f i l tered r iver water to which both solvent and the

emulsifier carriers were added at levels equal to the maximum

carrying the fenitrothion. Tadpoles were exposed to the car-
r ier a second t ime, on day 8, when other tadpoles received
their second exposures to the various fenitrothion concentra-
t ions. For each of the ranids, a single set of controls served
the three concurrent experiments. Al l  exposures and recov-

ery occurred at l5'C in darkness in a controlled environmen-
tal chamber.

Egg and tadpole measurements

Egg diameters of 20 eggs from each of 6 to l0 broods were
measured for the four ranid species. The eggs were measured
at yolk plug stage, Gosner stages 8 to 1l [4].  Hatching stage
of at least 20 eggs was determined for 6 to l0 broods of the
four ranid species. During each experiment, all tadpoles were
examined dai ly for mortal i ty and prodded for assessment of
avoidance response. A normal avoidance response consisted
of darting away 5 to 20 body lengths. An abnormal response
consisted of moving slowly away for 2 to 3 body lengths, to
twitching in place, or not moving at al l ;  we considered these
to be increasing degrees of paralysis. At the end of exposures,
2 weeks after hatching, all surviving tadpoles subjected to ex-
perimental exposures were measured to determine head
width, snout-vent length, and tai l  length.

Extraction and residue analysis

Water samples were drawn from exposure beakers I h af-

ter the onset of the exposures. Extractions of the fenitrothion

samples were made according to standard methods [15]. Ex-

tract volumes were reduced to 2 ml of solvent. Extractions
were analyzed on a gas chromatograph with a f lame photo-

metric detector (Hewlett-Packard 5890 GC-MSD) in se-

lected ion mode (SIM), providing detection limits of 13 pg/L

of solvent. Reproducibility and linear quality-control checks
were performed before the analysis of each pesticide set.

Samples were di luted appropriately to ensure that sample

chromatographic peaks were within the working range of the
cal ibrat ion standards. Nominal concentrat ions are used for

consistency in our discussion, but residual values are included
in Figures I to 4.

M .  B E n n n l  E T  A L .
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RESI.JLTS

Residue analyses

Residue analyses were done on extractions of each feni-

trothion exposure of the wood frog, leopard frog, and Amer-

ican toad experiments and on half of the green frog, bullfrog,

and salamander experiments. In most cases, residuai values

ranged from 0.75 to 1.05 t imes those of nominals (Figs. l-4).

Egg diameter and stage at hatching of ranid species

At the yolk plug stage, the eggs of wood frogs and leop-

ard frogs were similar in diameter (/  test, p:0.82), as were

the eggs of green frogs and bul l frogs ( l  test, p :  0.7 3). How-

ever, the wood frog and leopard frog eggs were l .6x greater

in diameter, and 4.0x greater in volume than the green frog

and bul l frog eggs (Table l) .  Both green frogs and bul l frogs

hatched at Gosner stages l7 to 18, while wood and leopard

frogs hatched at stage 20. This represents a considerable differ-

ence in development, particularly in terms of gill development.

Exposures to fenitrothion: Wood and leopard frogs

Exposed to fenitrothion on day I after hatching (experi-

ment l) ,  tadpoles of both species appeared to be unaffected

at I  and 2ppm, indist inguishable from the unaffected con-

trols. At 5 and 9 ppm, most tadpoles were paralyzed, lack-

ing a normal avoidance response, at the end of the 24-h

exposure. They recovered rapidly over the next 24 h. Mini-

mal mortal i ty occurred at both concentrat ions (Fig. 1).

Exposed on day 8 after hatching (experiment 2), tadpoles

again were unaffected by exposure to I or 2 ppm. At 5 ppm,

their response was similar to their response to day- I  expo-

sure, recovering rapidly from initial paralysis. At 9 ppm, pa-

ralysis lasted longer, and mortal i ty was considerable and

occurred at least 24 h after the exposure period (Fig. l).

Exposed on both day I and day 8 (experiment 3), tadpoles

were again unaffected by exposure to I  or 2 ppm, indist in-
guishable from unaffected controls. Exposure to 5 and 9 ppm

resulted in responses similar to responses to single exposures

on day I or day 8, except that mortality of leopard frog tad-
poles was minimal after their second exposure on day 8
(F ig .  l ) .

Therefore, in both species, response to exposure was sim-
ilar whether it occurred on day I or day 8 after hatching, and

a second exposure did not result in any greater effects than

single exposures held at the same t imes.

Table l. Comparison of egg diameter and hatching stage
of four ranid species

Egg diameter

Species (n) Mean
Gosner stage Hatching

(ss) (yolk plug) Gosner stage

Exposures to fenitrothion: Green frogs and bullfrogs

Exposed on day I (experiment l), green frog tadpoles were

unaffected by exposure to the carrier or to 1 ppm fenitrothion.

At 2, 5, and 9 ppm, approximately 5090 mortal i ty occurred

following exposure, while survivors gradually recovered their

normal avoidance response (Fig. 2). At I  ppm, bul l frog tad-

poles were also unaffected, but a carrier effect occurred, with

init ial  paralysis and rapid recovery of survivors, indicating

sensit ivi ty to the solvent or emulsif ier. The effects of expo-

sure to 2 and 5 ppm were sirni lar to the effects of the carr ier

control,  although the levels of carr ier at those exposures

would have been considerably less than in the control expo-

sure. At 9 ppm, exposed as well  to concentrat ions of the sol-

vent and emulsif ier equal to those of the carr ier control,  al l

tadpoles died (Fig. 3).
Exposed on day 8 (experiment 2), tadpoles were un-

affected by exposure to I or 2 ppm fenitrothion. The carrier

effect is present in experiments with both species, but rep-

resents a second dose of the solvent/emulsif ier administered

on day 8. At 5 and 9 ppm, green frog tadpoles were less sen-

sit ive, with less mortal i ty, than those erposed only on day l .

Bul l frog tadpoles recovered rapidly fol lowing init ial  paral-

ysis after exposure to 5 ppm. Exposed to 9 ppm, most died

during exposure or during the f irst 24 h of the recovery pe-

riod; the few that did not die appeared to recover fully (Figs.

2  and 3) .
Tadpoles that were exposed on both day I and day 8 (ex-

periment 3) were again unaffected by exposure to I ppm. At

2,5, and 9 ppm, green frog tadpoles responded to day-8 ex-
posure as they did to day-l  exposure, except rvi th l i t t le in-

crease in mortal i ty .  At 2 and 5 PPm, bul l frog tadpoles were

affected in much the same way as those exposed only to the

solvent/emulsifier, and all were killed during day-1 exposure

to  9  ppm (F igs.  2  and 3) .
Therefore, both species were more sensit ive to the exper-

imental exposures than were the wood frog or leopard frogs,

although some port ion of that greater sensit ivi ty must be a

result of exposure to the carr ier. No clear dif ference existed

in sensitivity of tadpoles exposed only on day I and those ex-
posed only on day 8. Tadpoles exposed on both day I and

day 8 showed no greater effects than those exposed on only

one o[  those days.

Exposure to fenitrothion: American toads
and spotted salamanders

American toad tadpoles and spotted salamander larvae

were exposed to fenitrothion on day I and day 8 after hatch-

ing to compare their responses with those of the four ranids

(Fig. a). No effects were apparent at 1 ppm, and there was

no carrier effect. At 2 and 5 ppm, few of the American toad

tadpoles exhibited abnormal avoidance behavior, and these

recovered rapidly. They were also relatively unaffected by ex-
posure to 9 ppm, part icularly to the second erposure, and

again all recovered rapidly. In contrast, spotted salamander

larvae were affected more like green frog and bullfrog tad-
poles, with extensive init ial  paralysis even at 2 ppm. They

were also consistently more sensitive to the second exposure,

with almost total mortal i ty at 9 ppm.

Wood frog (10) 2.63
Leopard f rog (7)  2.55
Green f rog (10) 1.64
Bul l f rog (6)  l .6 l

(0.06)
(0.0s)
(0.04)
(0.05)

8 - l  I
9 - 1 1
8 - l  l
8 -  l 0

20
20

1 7 -  l 8
1 7 -  l 8

(n : number of broods examined).
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Wood Frog LeoPard Frog
Days After Exposure

Fig. I ' Effects of exposure of wood frog and leopard frog tadpoles to fenitrothion. Black bars indicate mean number of tadpoles per treat-
ment that were paralyzed, while unshaded bars indicate mean number that responded with a normal avoidance reflex. Error bars indicate standard
deviations of triplicate experiment. Solid black lines indicate mean accumulated mortality. Control, carrier (containing solvent and emulsi-
f ier) ,  1-ppm exposure,  and 2-ppm exposure exper iments are omit ted as no paralysis or  death occurred in them. Residue concentrat ions are
included in parentheses below nominal  concentrat ions.



Sensi t iv i ty  of  amphibian

Control
No Exposure

tadooles to fenitrothion 1 0 1 5

o PPm 12.00

10.00

8.m

6.00

4.00

2.00

0.00

o PPm 12.00

10.00

8.00

6.00

4.00

2.6

0.00

5 PPm 12.00

10.00

8.00

6.00

4.00

2.ffi

0.00

9 PPm 12.00

10.00

8.00

6.00

4.00

2.W

0,00

2 PPm 12.00

(1 .88) lo oo

8.00

6.00

4.00

2.00

0.00

5 PPm r2.oo

(3.75) lo oo
8.00

6.00

4.00

2.ff i

0.00

9 PPm 12.00

(8.06) 1o'oo

8.00

6.00

4.00

2.00

0.00

Experlment 2
Exposure on

Day Eight Only

Experlment 3
Exposure on

Day One and Eight

Experlment 1
Exposure on

Day One Only
2 PPm 12.00

(1 .69) lo oo

8.00

6.00

4.00

2.@

0.00

5 ppm 12.00

.  10.00(4.s7)
8.00

6,00

4.00

2.@

0.00

9 PPm 12.00

(8.06) 1o.oo

8.00

6.00

4.00

2.00

0.00

Days After Exposure

Green Frog

Fig.2.  Ef fects of  exposure of  green f rog tadpoles to feni t roth ion.  As in Fig.  l ,  except  that  l -ppm exper iments as wel l  as 2-ppm of  exper i -
ment 2 are omitted. Note that carrier effect is evident after day-8 inoculation.
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DISCUSSION

Our results indicate that dif ferences in sensit ivi ty of tad-
poles to fenitrothion exist between the two developmental
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F i g . 3 .  E f f e c t s o f e x p o s u r e o f b u l l f r o g t a d p o l e s t o f e n i t r o t h i o n . A s i n F i g .  l , e x c e p t t h a t l - p p m e x p e r i m e n t s a s w e l l a s 2 - p p m o f e x p e r i m e n t
2 are omit ted.  Note the considerable carr ier  ef fect  on day I  and day 8.

stages of the four ranid species that we tested. In wood frog
and leopard frog experiments, almost al l  of the observed
mortal i ty occurred after day-8 exposures to 9 ppm fenitro-
thion, whereas in green frog and bullfrog experiments, mor-
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Fig.  4.  Ef fects of  exposure of  spot ted salamander larvae and American toad tadpoles to feni t roth ion.  As in Fig.  l ,  except  that  contro l ,

r ier ,  and l -ppm exper iments are omit ted.

tal i ty was greater fol lowing day-l  exposures. However,

tadpoles exposed on both day I and day 8 after hatching were

no more sensitive to the second exposure than were those ex-
posed to fenitrothion for the f irst t ime on day 8, indicating

that exposures that far apart, on those particular stages, and

at those concentrations will not result in an increase in direct

mortal i ty or more prolonged paralysis. On the other hand,

i f  a tadpole is paralyzedby the f irst exposure, subject to po-

tential predation or delayed growth unti l  i t  recovers, i t  wi l l

also be paralyzed by the second exposure and face the same

risks again. There may also be more sensit ive stages in tad-
pole development-for example, around the t ime of meta-

morphosis, where pulsed exposures may have greater impact.

Certainly green frog and bullfrog tadpoles are more sen-

sitive to fenitrothion exposure than are wood and leopard

frog tadpoles, and are also sensitive to exposure to the higher

concentrations of the emulsifier/solvent used to carry the in-

secticide. All four species were affected by exposure to 5 ppm,

with green frogs recovering more slowly. At 9 ppm, bullfrog

tadpoles died, although their sensitivity to the solvent/emul-

sifier control probably added to their sensitivity to fenitro-

thion. However, both green frogs and bullfrogs were affected

by exposure to 2 ppm, levels at which any carrier effect ought

to have been minimal, for they would have received only one-
quarter of the solvent/emulsifier that the tadpoles in the car-

r ier control received. Considering that fenitrothion levels in

New Brunswick pond surface water have not been observed

to exceed 2.5 ppm, tadpoles may not be as seriously affected

by the carr ier as they are by the pesticide.

The smaller size of the eggs of both green frogs and bul l-

frogs, along rvith their earlier stage of development at hatching,

does correlate with their greater sensitivity to experimental

exposures. Both features make sense in life-history terms, for

both species produce very many eggs in the middle of the

summer; tadpoles of neither species grow quickly enough to

metamorphose unti l  the middle of the fol lowing summer
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(green frogs) or the one after that (bullfrogs), so there should

be less selective pressure on them to be as large as possible

and grow quickly to metamorphosis, compared with wood

and leopard frog tadpoles. However, the cost may be greater

sensitivity to contaminants, correlated with smaller size and

earl ier stage of development at hatching. Although the eggs

we measured varied very l i t t le between broods within each

species, egg size in some species is known to vary with size

and age of the female [6];  exposing smaller eggs of leopard

or wood frogs would also al lclw us to assess the relat ionship

between sensit ivi ty and developmental stage.

The predict ion that a species is consistent in i ts relat ive

sensit ivi ty or tolerance to contaminants is only part ly sup-
ported: American toad tadpoles were more tolerant of expo-

sure than we predicted, and the spotted salamander larvae

were less sensit ive than the pyrethroid experiments [12] sug-
gested they would be. Each species is l ikely to vary in sensi-

t ivi ty depending upon the pesticide, i ts concentrat ion, and

the stage exposed [17], and exposures of other developmen-

tal stages to other concentrat ions could modify our results.

Nonetheless, a comparison of the sir species included in our

experiments indicates that the American toad, wood frog,

and leopard frog are all more tolerant of exposure to feni-

trothion than the bullfrog, green frog, or spotted salamander.

Our experiments cotrfirm that newly hatched amphibians

are sensit ive to exposure to, but not ki l led by, fenitrothion

concentrations approaching those that may rarely occur un-

der the carefully managed conditions of New Brunswick for-

ests. The compounds that carry the insecticide also appear

to affect some species, but not others. Previous experiments

have satisfied us that embryos are unlikely to be affected by

exposures [9].  However, experimental exposures of later de-

velopmental stages of tadpoles, particularly premetamorphic

stages when the tadpoles are not feeding and are l ikely to be

under developmental stress, wi l l  be necessary to understand

more ful ly the impact of contaminants such as fenitrothion

on amphibian survival.
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