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From 1976 through 1993 up to 3.6 nillion hectares of New
Brunswi ck forest were sprayed annually with the broad-
spectrum insecticide fenitrothion (0,0-dinmethyl 0-(4-
nitro-mtolyl)phosphorothi oate) to nmninze spruce
budworm (Choristoneura fumiferana) damage to softwood
(Kuhnke 1989). Although fenitrothion has a half-life in
stream water that is estimated to be only 6-10 hr, the
envi ronnment al i mpact of sonme forestry wuses of this
pesticide has been deened unacceptable in Canada (Pauli
et al. 1993). Registration for broad scale application of
fenitrothion for control of spruce budworm and hem ock

| ooper (Lanmbdina fiscellaria) will be phased out by the
end of 1998, while other mnor wuses wll still be
permtted (IECPM 1995).

Until 1993 there were no pesticide regulations preventing

the incidental spraying of forest ponds of < 40 ha,
habitat inmportant to anphibians. Although the direct or
indirect effects of pesticides nay have contributed to
wor | d-wi de declines of anphibians, there is little field
evi dence to support this (Bishop 1992). Here we provide
prelimnary evidence that supports such a link involving
fenitrothion and the mnk frog (Rana septentrionalis).
Abundance of aquatic vegetation and water quality are
al so exam ned and their association with frog abundance
eval uated. Qur objective is to assess whether |[ower frog
popul ations were present in forest ponds repeatedly
sprayed with fenitrothion over several years when
conpared to ponds that had received little or no exposure
to fenitrothion during the sane period.

MATERI ALS AND METHODS

Ni ne study ponds/lakes in northern New Brunswick were
selected and their fenitrothion spray histories over the
period 1987-90 were ranked as |ow, nedium and high. The
region is not pond or |ake dense and the nunber of study
sites was linmted. The low fenitrothion spray zone had
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not been sprayed in 1987-90, the nedium spray zone had
been sprayed only in 1990, and the high spray zone had
been sprayed in three or four of the previous four years.

Sprayed forest had received a dose rate of two
applications of 210 g active ingredienteha'5-15 days
apart during May and June. The sites selected are all
per manent water bodies of 1-22 ha, are at elevations of
244-1550 m and are all in deciduous forest within 35
mnutes latitude of each other. Ponds were transect
censused for frogs in the third weeks of June, July and
August 1991 in the manner described in MAI pine (1997) by
i ndividuals with no know edge of the spray history of the
ponds. Mnk frogs were the only frog abundant enough to
permit conparative analyses. Water tenperature and pH
were recorded and water sanples collected nmonthly and
anal yzed for the following by the Water Quality Branch,

Envi ronment  Canada: specific conductance, turbidity,

colour, alkalinity, organic carbon, inorganic carbon,

cal cium magnesi um potassium sodium sulphate, silica,

nitrogen, nitrate, extractable manganese, extractable
al um num extractable iron, and total phosphor us.

Abundances of enmergent vegetation and the subnerged
vegetation mat were estimated and ranked as low (<l 0%
cover), medium (I10-50% cover), or high (>50% cover) for
each transect.

Mean frog densities were calculated for each nonth by
site and transformed using natural logarithms (1n x + 1)
to neet the assunptions of normality and honpgeneity of

vari ances. A nested ANOVA was used to conpare frog
densities anbng spray zones, ponds, and nonths (ponds
were nested wthin spray zones). To overconme the

inequality in the nunber of transect counts conpleted
bet ween ponds, and between nonths in the sanme ponds,
| east-squares nmeans (LS neans) were used to determne

unbiased mean densities for each site. These 1n-
transformed nmeans (and SE) were back-transformed to give
geonetric neans of the raw data. LS neans of the 1n-

transformed frog densities were also calculated for each
of the three spray zones and Bonferroni conparisons were
used to test for differences in frog densities anobng the
zones. Miltiple regression was used to examine the
associ ati ons anong frog abundance, fenitrothion spray
hi story, and the habitat parameters. Wter quality data,
sanpling nonth, and ranks for vegetation abundance and
spray zone, were incorporated into a stepwise multiple
regression nodel to evaluate degree of association wth
the In-transforned frog densities (SYSTAT 1992).

RESULTS AND DI SCUSSI ON
The 1n-transformed mink frog densities were significantly
different among spray zones (nested ANOVA , F,,=38.9,

p < 0.001) and anpbng ponds wthin the spray zones
(Flooy=7.8, p < 0.001). There were no consistent
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differences amobng the nonthly frog counts in the ponds
(F, q,=0.11, p=0.9). Wen the data were conbined within
spray zones, the LS nean (x SE) 1n-transformed frog
density of the high spray sites (1.4 = 0.1/100 nf) was
significantly lower than nmeans for either the |ow spray
(2.6 £ 0.2) sites or the nedium spray sites (3.4 = 0.2),

as judged by paired conparisons (p < 0.001).
Additionally, the low spray sites had a |lower nean frog
density than the nmedium spray sites (p=0.0l). Ponds that
were sprayed with fenitrothion in repeated years (high
spray) all had lower nean frog densities than the |ow or
medi um spray ponds (Table 1). Also, although the nean
counts in the high spray ponds were very simlar, the
counts in the two nedium spray ponds were very different.
Mul tiple regression of all 20 water quality paraneters

the vegetation ranks, the spray zone ranks and the
sampling nmonth accounted for 53% of the observed
variation in the transforned frog densities (r?=0.53,

Fis 100=37. 2, p < 0.001). Three of the independent
variables were significantly associated wth frog
densities. In decreasing order of inportance these were;
spray zone (b'=-0.56, t=-5.1, d.f.=100, p < 0.001),
submer gent vegetation (b'=0.48, t=6.4, p < 0.00l), and
sul phate concentration (b'=-0.32, t=-3.0, p=0.004). Thus
there tended to be nore nmink frogs in ponds that had been
sprayed less often wth fenitrothion, that had nore
subnergent vegetation, and that had |I|ower sulphate
concentrations.

Table 1. Least-square geonetric neans for mnk frog
densities in New Brunswi ck forest ponds. Back-transforned
from 1n-transforned data (1n x + 1).

Site Spray zone Geometric mean (frogs/1002)
x Lower SE Upper SE

Black Lake low 7.09 5.27 9.45
South Lake low 20.95 15.81 27.67
Berry Brook Pond medium 65.43 49.16 86.97
Juniper Lake medium 12.05 9.21 15.69
Camel Back Lake high 3.86 2.64 5.50
Forty Mile Pond high 3.52 2.38 5.04
Forty Mile Lake high 3.99 2.73 5.67
Indian Lake high 6.15 4.52 8.26
McCormack Lake high 0.71 0.37 1.14

It is not surprising that greater mnk frog abundance was
correlated with increasing amounts of aquatic vegetation,
which provides cover for adult and larval mnk frogs.
Structurally conplex habitats can reduce encounter rates
between prey and predator by providing cover for the
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former and creating deterrents to foraging by the latter,
thus increasing prey survival rates (Babbitt and Jordan
1996) . More heavily vegetated ponds may also provide a
greater abundance of prey (Canpeau et al. 1994).

Hi gher sul phate levels in pond water were associated with

fewer mink frogs. |Increased sulphate levels may result
frominputs of acidic precipitation from distant or [ ocal
SQ sources, or leaching of natural gypsum deposits. In

their study of Nova Scotia anphibians, Dale et al. (1985)
found mnk frogs in only 10 of 78 |lakes and ponds
surveyed. Those 10 water bodies all had |ower than
average sul phate concentrations. O the 8 anurans in the
Nova Scotia survey, mnk frogs occupied waters with the
| owest and narrowest range of sulphate concentrations,
suggesting that the species may be sensitive in this
respect.

Al though field studies in New Brunsw ck associated wth
the aerial application of fenitrothion have found no
acutely toxic effects on anphibians (Pearce and Price
1977), subl et hal i npacts such as abnornmal swi nmi ng
behavi our, par al ysi s, reduced growth, and retarded
devel opnent, are seen in larval anphibians exposed to
0.2-5.5 ng/L fenitrothion in lab studies (Berrill et al
1994). Maxi mum fenitrothion concentrations observed in
lentic waters in New Brunswick a few hours after spraying
average 0.2 npg/L (Fairchild et al. 1989) wth peak
concentrations up to 2.5 ng/L in the surface |ayer of
smal | ponds (Ernst et al. 1991).

Fenitrothion <concentrations observed in small forest
ponds after aerial spraying are variable, but nay be high
enough to have sublethal inpacts on tadpoles. The

surface water concentrations of fenitrothion neasured in
New Brunswi ck forest ponds imediately after spraying by
Ernst et al. (1991) were in the sane range as those which
produced tenporary paralysis in laboratory tests wth
| eopard frog (R pipiens) and green frog (R clanitans)

tadpoles, and irreversible paralysis in bullfrog (R

cat esbei ana) tadpoles (Berrill et al. 1994). Al t hough
field surveys in New Brunswi ck have found no evidence of
acute lethal effects on anphibians, no intensive field
studies have tried to document sublethal effects on
anphi bi ans.  Such effects as paralysis, reduced growth or
del ayed metanorphosis of tadpoles nmay decrease their
survival by making them nore vulnerable to predators or
prolonging their vulnerability over a longer period of
tinme.

The indirect effects that fenitrothion may have on forest
comunities have not been extensively studied. MIlikin
and Smith (1990) recorded significant decreases in the
arthropod food of songbirds and changes in foraging
behavi our of some avian species followi ng an experi nent al
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application of fenitrothion. Reductions in seed and
fruit production have been docunented for forest plants
whose insect pollinators were reduced by fenitrothion
spraying (Plowight 1977). Synons (1977) calculated a
potential reduction of 15% in annual growth of Atlantic
salmon if insect biomass in streams was reduced by
fenitrothion by > 65% Kent and Caux (1995) report
significant growth inhibition in phytopl ankton exposed to
fenitrothion concentrations of 1.0 ng/L or above

Fenitrothion may reduce the amount of invertebrate prey
available to frogs. Total benthic arthropod densities
decreased about 50% in bog ponds which had surface water
concentrations of 42-81 wug/L fenitrothion after an
experimental fenitrothion application (Fairchild and Eidt
1993). Recovery of some invertebrate fanmlies took nore
than 12 nmonths. Eidt (1981) found a significant reduction
in arthropod biomass but conplete recovery within 50 days
after fenitrothion was experinentally applied (73 ug/L)
in a New Brunswick stream The inpacts observed by
Fairchild and Eidt (1993) were associated with
fenitrothion concentrations two orders of nagnitude | ower
than the maxi num recorded by Ernst et al. (1991) after

current operational spraying. Thus, there is anple
evi dence that dosages of fenitrothion in use in New
Brunswi ck could produce a wde-spectrum kill of

arthropods that are prey of anphibians inhabiting forest
ponds. Even the relatively short-term effects reported by
Eidt (1981) could be significant given the relatively
short feeding season for anphi bi ans  at Canadi an
| atitudes.

Qur results show low mnk frog numbers in all forest
ponds receiving repeated applications of fenitrothion
(see MAl pine (1997) for untransformed nmonthly estimtes
from individual ponds). This is consistent wth an
hypot hesi zed indirect inpact of fenitrothion on frog
abundance through reductions in the invertebrate prey
base or sublethal effects leading to increased nortality
of tadpol es.

That the regression nodel accounted for about half of the
variation in frog nunmbers anpbng ponds suggests that
other, wunneasured factors are also influencing nmink frog
abundance. Sone possible influences which were not
nmeasured in this study were the abundance of predators,

the level of human disturbance, the potential for
immigration or recolonization of the ponds, or other
unneasured pollutants or stresses. W suggest that sone
of these unneasured factors may have been inportant in
determining frog numbers in low spray ponds, where we
recorded fewer frogs overall than at nedium spray sites.

We enmphasi ze that none of the associations reported here
demonstrate cause and effect and that frog popul ations
are known to fluctuate greatly, sonetinmes on an annua
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basis (Pechmann et al. 1991).

Al though our results support the hypothesis that
fenitrothion may adversely affect mnk frog popul ations
in forest ponds sprayed repeatedly, our sanple nunbers of
ponds are small. Controlled experinents and nore
extensive field surveys of several seasons duration wll
be necessary to confirm these results and prove causal
mechani sns.
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