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Cartentanil, Bison, and Statistics: The Last Word?

Berger and Kock (1988) compared over-

winter survival of bison (Bison bison) im-

mobilized with carfentanil to survival of

untreated bison. They found no significant

difference in survival, although sample

sizes were sma!! and therefore the power

of their test to detect a real difference was

low (Halverson and Teare, 1989). Halver-

son and Teare (1989) also suggested that

Fisher’s Exact Test was more appropriate

for analyzing the data than the Chi-square

test used by Berger and Kock (1988).

Berger and Kock (1989) conceded Hal-

verson and Teare’s (1989) point that sma!l

sample sizes in their 1988 study (21 im-

mobilized animals and 30 control animals)

implied a high probability of Type II error:

accepting the null hypothesis of no differ-

ence in survival between treated and con-

trol groups when there really was a dif-

ference. Berger and Kock (1989) also

presented additional data consistent with

the null hypothesis, for bison in Wind Cave

National Park, South Dakota (USA). For

their original sample from Badlands Na-

tiona! Park, three (14%) of 21 immobilized

bison disappeared over winter whereas two

(7%) of 30 untreated bison disappeared.

For the Wind Cave sample, one (4%) of

25 immobilized bison died, whereas none

of an estimated 100 untreated bison died.

If the Badlands and Wind Cave data are

pooled, there is evidence of a significant

effect of carfentanil on survival, but Ber-

ger and Kock (1989) argued that it would

be inappropriate to pool the data because

of differences between study sites and

methods.

These data are worth reconsidering be-

cause neither set of authors used the most

appropriate analytical methods, and be-

cause a legitimate way to combine the re-

sults of studies such as those at Badlands

and Wind Cave without pooling the data

was presented by Rice (1990) subsequent

to the exchange between Berger and Kock

and Ha!verson and Teare. This new anal-

ysis leads to a different conclusion than

that reached by Berger and Kock (1988,

1989), and suggests caution in use of car-

fentanil to immobilize bison.

Both the Chi-square test used by Berger

and Kock in their 1988 paper and the G-test

used in their 1989 paper are problematic

because of small sample sizes and because

these tests are necessarily 2-tailed. A rule-

of-thumb for these analyses of 2 x 2 con-

tingency tables is that no expected va!ues

should be less than 5 (Siege! and Castel!an,

1988). For the Badlands data, two of four

values are less than 5.0; for the Wind Cave

data, two of four are less than 1 .0. Because

our primary concern is that immobiliza-

tion with carfentani! reduces overwinter

survival, a 1-tailed test of the null hypoth-

esis that it does not reduce survival is more

appropriate than a 2-tailed test of the hy-

pothesis that there is no difference be-

tween carfentanil-treated and control bi-

son. The latter null hypothesis would be

discredited if carfentanil caused increased

survival or decreased survival; it seems in-

appropriate to combine these two very dif-

ferent outcomes into one alternative hy-

pothesis for purposes of statistical testing.

The Fisher Exact Test used by Ha!verson

and Teare (1989) also is inappropriate be-

cause it requires that both sets of marginal

totals be fixed. For these data, the numbers

of immobilized and control animals can be

considered fixed but the numbers of sur-

vivors and non-survivors clearly are not

fixed (Berger and Kock, 1989). Rice (1988)

described a new method for analyzing 2

x 2 contingency tables which is appro-

priate for small sample sizes and more

powerful than Fisher’s Exact Test. Using

Rice’s (1988) conditional binomial exact

test (CBET), the 1-tailed probability that

survival is not reduced by immobilization

with carfentani! is 0.20 for the Badlands

data and 0.09 for the Wind Cave data.
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Neither of the individual CBET prob-

abilities is significant at a = 0.05, but this

isn’t convincing evidence against the hy-

pothesis that carfentani! affects survival

because sample sizes for both sites were

small. Rice (1990) showed how to calculate

a consensus probability from results of two

or more experiments that test the same null

hypothesis. This doesn’t involve pooling the

data, which would be questionab!e for the

reasons given by Berger and Kock (1989),

but rather testing whether the average of

the probabilities that the null hypothesis is

true in the separate experiments is signif-

icantly less than 0.5. For these data, the

consensus combined probability that this

average is less than 0.5 is 0.06; that is, there

is only a 6% chance that survival is not

reduced by immobi!ization with carfen-

tanil. A conservative conclusion from the

results of Berger and Kock (1988, 1989) is

that immobilization with carfentanil does

cause reduced survival of bison, although

more data certainly need to be collected

to solidify this conclusion.

Several authors (Toft and Shea, 1983;

Peterman, 1990; Simberloff, 1990; Shrad-

er-Frechette and McCoy, 1992) have dis-

cussed the relative costs of Type I and Type

II errors in basic and applied research.

These authors, and statisticians in general,

agree that rigid adherence to a policy of

rejecting the null hypothesis if P<0.05 and

accepting the null hypothesis otherwise is

misguided. Because the probability of ac-

cepting a false null hypothesis (making a

Type II error) is greater when lower a-!ev-

e13 are used for statistical decision making,

the appropriate a is a function of the rel-

ative costs of the two types of errors. In

this case, the costs of a Type II error arise

from using a drug for immobilization that

is assumed to have no effect on survival

but does in fact decrease survival. For work

on endangered species, these costs may be

unacceptable. The costs of a Type I error

arise from not using a drug for immobi-

lization because it is assumed to decrease

survival, whereas in fact it has no effect

on survival. If alternative drugs are not

available this may delay progress in un-

derstanding the biology of the species, by

precluding immobilization for attachment

of radio-transmitters, collection of blood

samples, etc. The decision about which

costs to accept will be influenced not only

by statistical and biological considerations,

but also by economic and ethical concerns.

A!though this letter may represent “the

last word” on the statistical analysis of these

data, the question of whether carfentanil

should be used to immobilize bison re-

mains unresolved.

I thank J. Berger, R. Duncan, and D.

Smith for comments on this note.
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