successful strategy — simply chosen the
Midpoint Y(i) = L/2 in each trial, in-
stead of attempting to dowse. Here,
Enright is in error. Even a nonexpert
will readily realize that (1) a method
does not qualify when it allows for a
successful strategy in the absence of a
real effect, and (2) dowsers to whom we
— and to some extent even Enright —
attribute above-chance performance
cannot possibly do even better by
choosing a trivial technique which, in
itself, can produce only random results.
The reason for the contradiction is ob-
vious: Enright uses two different and
incompatible null hypotheses at the
same time. For constant midpoint
choices, one obtains Z, =L/4, but
when dowsers make quite random
choices over the entire path — and that
is what they actually did — the pure
chance expectation value to compare
with is Z, = L/3, rather than L/4, as
supposed by Enright. Table 2 demon-
strates that three of the six dowsers
achieved better than chance results, ex-
cluding straightforward and certain
denial of an effect. A thorough Z-ana-
lysis, which takes properly into account
the actual distance distribution of all
tests (not of a selected subset), has been
worked out by Ertel and reveals not on-
ly highly significant dowsing skill, but
also a most unexpected correlation be-
tween data and test site geometry [4].
According to our null hypothesis, all
dowsers were considered as producing
pure chance results, and different
dowsers were allowed to contribute dif-
ferent numbers of trials. Due to this

Table 2. Distance analysis of the Scheunen ex-
periment, according to Enright: average loca-
tion error Z of six dowsers (the six best selected
by Enright). N,,, number of trials. Since the
operators placed their choices quite randomly
over the 10-m path, the chance expectation
value for Z is L/3 = 3.33 m; three of the six
dowsers perform markedly better than by
chance. This result does not allow clear rejec-
tion of the dowsing hypothesis

Operator Nt Z [m]
# 18 78 3.42
#99 40 2.93

# 108 60 3.48
# 23 129 3.64
# 89 23 2.45

# 110 20 2.80
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Table 3. Evaluation of the four test series (with
ten trials each) by dowser # 99 in the
Scheunen experiment with a multinomial dis-
tribution; a is the probability of obtaining the
observed results by pure chance. The signifi-
cant result from series 2 is reproduced in
series 3

Series .o [%]
1 8.5
2 0.2
3 3.2
4 18.0

concept, we could not rank among
operators or examine individual repeti-
tion rates in the Scheunen experiment,
as then further experiments with
selected dowsers would have been
necessary. Nevertheless, there is plenty
of evidence for nonrandom repetition
of success. First, we point to the perfor-
mance of dowser #99: he was invited
to participate as favorite for reasons
described below, turned in the best
series, and did repeat success (Table 3);
dowser # 110 was also specifically in-
vited because he was known to have
succeeded in a similar test before [6]; he
proved to fall among those producing
significant series in the Scheunen expe-
riment. Second, Ertel’s split-half and
retest analysis shows that in the entire
data hits and failures replicate [4].
Third, about 15% of the operators
reproduced success in another test
series not discussed here (Laufbrett

“experiment [2]). Finally, the most con-

vincing evidence comes from unconven-
tional water dowsing discussed below.

Ertel showed that a plot of operator
responses along the test path with
target position as parameter yields a set
of curves which exhibit a regular target-
dependent pattern. Aside from primary
peaks of responses near target loca-
tions, the data show secondary peaks at
mirrored target positions. In particular,
and in pronounced contrast to random
responses, the distance between real
and mirrored target positions shrinks
when the target is shifted successively
from the end towards the middle of the
path. It seems as if reflections due to
the geometry of the roof above the test
path were involved. The newly found
effect is sufficiently prominent to war-
rant further attention and correspond-
ing repetitions of the experiment:

perhaps for the first time, it gives ind;.
cations for a physical correlatiop to
dowsing and renders theoretical onge,
worthy of discussion [2]. Ina quantit,.
tive analysis with randomization tecy,.
niques, Ertel investigated the distrip,,
tion of absolute distances betweg,
target and dowsers’ choices: close hjg
prove to be clearly favored, and statig;.
cal significance reaches a high leve] of
confidence (p <0.0001).

Since Enright ignores essential and py.
merous published results of our moy
extensive dowsing research program I,
7-10], a fundamental misunderstang.
ing runs throughout his paper: g
though the Scheunen experiment wag
largely a search for an empty pipe, he
identifies it as water dowsing. From the
very beginning, and based on existing
experience, we distinguished two intrin.
sically different situations for testing
dowsers, namely locating (1) small
artificial objects (e.g., pipes), and ()
natural subterranean discontinuities of
arbitrary and not necessarily known
nature (e.g., water-bearing fissures, dry
faults, cavities). For this reason, the
Scheunen experiment — whatever its
result — cannot be used to assess actual
water dowsing in a natural environ-
ment.

For these reasons, we continued with a
new study, exclusively devoted to water
dowsing. A detailed summary as of
1993 has been published [7, 10]. Two
conclusions can be drawn which are
based on independent data:

® artificial and small objects are
generally difficult to locate; single trial
hit rates are small and a dowsing effect
is hard to prove;

® natural underground discontinuities
of sufficient extension are readily
located by a few, selected dowsers; they
work sufficiently reproducibly to catry
out this unconventional prospecting as
a routine commercial profession.
Ample evidence exists for the outstand-
ing performance of water dowsers [8].
It happened that dowser #99, who
produced significant results in the
Scheunen experiment, had been most
successful with water dowsing in many
foreign aid programs of the Germal
Government. We have closely observed
and thoroughly researched his contin-
ing unconventional prospecting activl-
ties in arid areas of ten countries;
specific scientific tasks were imple-
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ented, and the outcome was assessed
a4 committee composed of geosci-

by
e experts: f‘or example, far more
fhan 1000 drillings have shown that his

yerage success rate is better than 80%,
far ahead of that provided by modern

. ’c‘onventional water-prospecting tech-

piques in similar cases [7]. We like to
ress that these examples, like other
comparably valuable information, can-
not be termed anecdotal and are to be

" taken seriously; extensive records exist

and NUMErous experts have been in-
volved in the studies, which have gone
on for more than 8 years. Many similar-
ities have been found in water-prospect-
ing performance of modern technical
devices and dowsers, which indicate a
Jogical background and warrant contin-
uing interest.

There are plenty of other highly suc-

" essful dowsers who deserve thorough

“serutiny. For example, we have investi-
gated a drilling company which locates
every well by dowsing techniques and
gives a guarantee of success [7]. If the

- promised amount of water is not en-

countered, the client does not have to
pay at all. The company has worked ex-
ceedingly successfully for over 10 years,
and we can state from our surveys that

no competing and conventionally
operating companies can give such a
guarantee, because it would soon drive
them to ruin.

In the meanwhile, many critical scien-
tists have been converted to accepting
the facts [11], though they often claim
that unquestionable successes result not
from a particular dowsing skill but
from prospecting experience. We dis-
cussed this partially valid argument for
a long time before we published our de-
tailed report [7]: too many cases defy a
general explanation based on these
grounds. Nevertheless, supposing that
this is at least a partial solution of the
water-dowsing puzzle, would it then not
be worthwhile to better specify this
kind of “experience”, which allows
water prospection in arid areas with
two- to four times the success, at less
than half the costs, and in a tenth of the
time compared to conventional tech-
niques? We consider this as a challenge
for the future and suggest increased
research efforts. Our newly presented
results, the strange reflection effect in
the Scheunen experiment and the strik-
ing success in water dowsing, seem to
open new access to handling the still
controversial questions, with the aim of

attaining a long overdue scientific con-
sensus which is not at variance with the
observed facts, and, perhaps, may pro-
vide an understanding of the still per-
sisting phenomenon.
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Dowsers Lost in a Barn

J.T. Enright

Negrobiology Unit 0202,
Scripps Institution of Oceanography,
La Jolla, CA 92093, USA

Final reply to comments by S. Ertel [1] and H.-D. Betz et al. {2] on J.T. Enright:
Water Dowsing: the Scheunen Experiments. Naturwissenschaften 82, 360 (1995)

Very simple graphs of the Scheunen ex-

, Deri}llental results (plots of dowsers’
- Choices vs. water-pipe locations), when

thOllghtfully considered, clearly dem-
Onstrate that dowsers with their various
Inds of witching sticks usually lost
their way completely, when seeking a

hidden pipe in a barn (Figs.1 to 4 in
[3]). Attempts to discredit that
graphically obvious conclusion [1,2]
demonstrate that statisticians who
search through data, armed with
various fancy tests rather than divining
rods, can also lose their bearings.
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The Original Data,
without Statistical Cosmetics

Anyone who is interested in dowsing
and the outcome of the Scheunen ex-
periments should consult the graphs of
the results from the six “best” dowsers
that are presented as Figs. 1—4 in my
review of the experimental data [3].
Those simple plots of the observed
dowsers’ choices relative to location of
the hidden pipe stand on their own, in-
dependent of all statistical analyses.
For example, it is an empirical fact, and
not the outcome of testing some- ob-
scure null hypothesis, that five of the
six “best” dowsers (including the famed
#99) could have performed better on
average if they had simply chosen the
midpoint of the test line in each and
every trial. It is difficult to imagine re-
sults that look more scattered than the
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WATER PIPE LOCATION: DECIMETERS
Fig. 1. Supplement to Fig.1 in [3]: dowser
choices plotted against water pipe location for
522 tests from the 37 dowsers who were not,
according to [4], among the 6 “best”. (Filled
circles represent two points at identical coor-
dinates). These data were also used by Ertel in
[t], and were kindly supplied by him. As in
Fig. 1 of [3], one can vaguely discern gaps and
snakelike patterns in the graph, somewhat like
recognizing constellations in the starry sky.
They are probably due, in part, to the strikingly
nonrandom distribution of pipe settings, which
were selected using the apparently defective
random generator of a computer [4]. Success-
ful dowsing would be indicated by a concentra-
tion in the data comparable with the Milky
Way, stretching from lower left to upper right.
It is difficult to decide whether the data here
are more scattered than the “best-dowser” data
in Fig. 1 of [3]

summaries that are plotted in [3] ~ and
those data were chosen for illustration
because they came from the “best”
dowsers, based on criteria of the inves-
tigators themselves [4]. In my opinion,
such graphs argue so strongly against a
significant dowsing effect (“signifi-
cant” in its broader meaning, rather
than its statistical usage) that a con-
trary interpretation could only suggest
a compulsion to cling tenaciously to a
failed hypothesis: nothing less than the
will to believe.

The long and the short of it is .that
dowsing performance in the Scheunen
experiments was not reproducible. It
was not reproducible interindividually:
from a pool of some 500 self-pro-
claimed dowsers, the researchers select-
ed for their critical experiments 43 can-
didates whom they considered most
promising on the basis of preliminary
testing; but the investigators themselves
ended up being impressed with only a
few of the performances of only a small
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handful from that select group. Even
more troublesome for the hypothesis,
dowsing performance was not repro-
ducible intraindividually: those few
dowsers, who on one occasion or an-
other seemed to do relatively well, were
in their other comparable test series
usually no more successful than the rest
of the “unskilled” dowsers (see Figs. 2
and 3 in [3]).

Statistical Analysis

Perhaps the most important caveat
about statistics that was emphasized in
my review [3] is that proper application
of the logic of inferential statistics de-
mands that the test to be applied to a
set of results be selected before any of
the results have been examined. I ex-
pressed this concern about the original
analysis [4] as follows: “The statistical
procedure used in the Final Report for
the Scheunen experiments is a special,
unconventional, and customized analy-
sis, and the report does not indicate
whether this choice of statistical proce-
dures was made before any of the criti-
cal experiments was performed” [3].
This issue is important because if the
chosen statistical procedure was devel-
oped or selected with some of the data
already in hand, the “probabilities”
calculated and the “levels of signifi-
cance” would lose all objective mean-
ing. As I carefully emphasized, identi-
cal reservations apply to the more con-
ventional statistical examination of the
data that I myself undertook: with
after-the-fact analysis, as were mine
(and as are all the more recent analyses
of Frtel {1]), no confidence whatever
can be placed in probabilities derived
from ordinary statistical testing; and I
explicitly refrained {3] from drawing
any inferential conclusions based on
“statistical significance” from my own
analyses.

The commentary by Betz, Kénig, Kul-
zer, Tritschler, and Wagner [2] provided
an ideal opportunity for them to totally
disarm such concerns, by asserting that
the complex multinomial test used in
the original analysis was fully devel-
oped and had been chosen for applica-
tion to those data before any of the crit-
ical experiments was conducted, ie.,
prior to 9 April 1987. The absence of
such a statement in their commentary
may represent no more than a simple
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(but important and alarming) oye,
sight; but if such an assertion canngy
honestly be made, then statistical apg).
yses of the Scheunen experiments in ¢,
Final Report [4], all of which Were
based on that test, are no more thap
“exploratory” application of statistjeg
in which probability values are the outi
come of an empty formalism.

That distinction is by no means a suby]e
issue. Exploratory analysis can be cop,.
pared with using today’s newspaper ¢,
find a scheme that could, in principle
have “predicted” the outcome of yester.
day’s horse races or yesterday’s lottery;
not genuine prediction but “postdic.
tion”, with no risk whatever that the
wager can be lost. The probabilities 5.
sociated with proper statistical testing
are, instead, applicable only to genuine
prediction, made before the race has
been run or the lottery numbers drawn,
The meaninglessness of “probabilities”
calculated from inappropriate statisti-
cal “testing” applies with great em.
phasis to the reexamination of the
Scheunen data described by Ertel {1],in
which exploratory statistical analysis
was pushed to an astonishing extreme,
Some of the “hypotheses” that were
derived from the data are so bizarre
that no sensible dowsing enthusiast
could have dreamed of suggesting them
until after carefully sifting through the
experimental data, and manipulating
them in dozens of ways. This was fol-
lowed by multiple testing, driven to the
nth degree, so as to find the most
“significant” way of reorganizing the
observations. Yet that article [1] is
fairly peppered with probability values
and the terminology of inferential test-
ing, leaving the impression that explo-
ratory data analysis (i.e., “postdiction’)
deserves the same sort of credence and
respect for purported “significance
levels” that are warranted by the red
predictions of legitimate statistical test
ing! Given enough freedom in the
design of customized tests, the. m-
aginative use of exploratory statistics
guarantees that any data set can b
made to seem nonrandom in severd
different ways. In the present context,
such an outcome has nothing to 4
with the skill of the dowsers, as Betz¢
al. [2] and Ertel [1] contend; instead; it

simply demonstrates the persistenc® |

and ingenuity of the statisticiat®
Perhaps the most remarkable aspect 0

199

his situation is that statisticians who
= so adept at manipulating data seem
ave lost their way at the outset, by
ing to recognize the fork in the road
‘tween exploratory data analysis and
uine statistical testing.

can easily happen in such after-
fact analyses, Ertel [1] and the orig-
.al researchers [4] used the same data
reach qualitatively different sorts of

interpretations, based on different
riteria — although they seem not to
~ pave noticed that discrepancy [1, 2].
 Betz and colleagues [4] concluded that

“qearly all of their candidates showed no
owsing skill whatever; they decided,
stead, that only a very few of the
‘dowsers had (occasionally) shown note-
“worthy skill — where skill is (quite rea-
sniably) demonstrated by proximity
etween hidden pipe and dowser’s

ice. Ertel [1] ignored those inter-
" pretations and, instead, charged into

the data with the assumption that if
dowsing skill exists, it would be equi-
tably apportioned among all dowsers at
all times — where skill can also be dem-
onstrated by a “wrong” choice that is
located at a mirror image of where the
sought-after pipe was placed, reflected
around a point that was 34 dm (yes,
34 dm!) from one end of the 10-m test
line. The open-minded, thoughtful
reader who takes a careful look at the
simple plots of the data presented in my
review [3; see also Fig.1 here] will, I
think, reach a still different conclusion:’
the recognition that the experiments led
only to extremely scattered and unre-
producible results, with no persuasive
evidence at all for the existence of prac-
tical dowsing skill — no matter how
persistent and ingenious the statistician
may be who chooses to dissect, manip-
ulate, and massage the data.

Can Reason Prevail?

I stand by my conviction: “..the
Scheunen experiments are not only the
most extensive and careful scientific
study of the dowsing problem ever at-
tempted, but — if reason prevails —
they probably also represent the last
major study of this sort that will ever
be undertaken” (p.369 in [3]). To my
regret, however, I am not, at this time,
completely convinced that reason will
prevail.
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jl_Acetylation of a-Tocopherol by the Squash Beetle,
_ Epilachna borealis

“Defenise Mechanisms of Arthropods, 134 [1]

‘Department of Chemistry, Cornell University, Ithaca, New York 14853, USA

“C. Rossini, T. Eisner

N@w York 14853, USA

~The phenolic, alkylated benzodihydro-

byrans known as tocopherols are widely
distributed in the plant kingdom [2],

‘and have occasionally been reported

fT_O}II animal sources as well {3]. In ad-
dition, very large quantities of synthetic
tocopherol esters (acetates) are pro-
duced industrially and used as antiox-
idants and dietary supplements in the

food, cosmetic, and pharmaceutical in-

dustries [4]. In fact, the quantities of
tocophery] acetates found in municipal
Waste have been taken as an indicator
of the domestic use of tocopheryl ace-

te-containing products [5]. We have

‘Section of Neurobiology and Behavior, Cornell University, Ithaca,

found that tocopheryl acetates also oc-
cur in nature, specifically in the pupal
exocrine secretion of the squash beetle,
Epilachna borealis [6]. It seemed likely
that these beetles biosynthesize these
acetates from tocopherols found in
their larval diet, and we now report the
results of an isotopic tracer experiment
that confirms this hypothesis.

One hundred microliters of a solution
of 5,7-bis(trideuteromethyl)-a-tocoph-
erol (/) in ether (1 mg/ml) was applied
to individual leaves of zucchini squash
plants  (Cucurbita pepo, variety
Milano). Following evaporation of the
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solvent, one each of such leaves was of-
fered to six individually caged fourth-
instar larvae (14- to 21-day-old) of E.
borealis. This procedure was repeated
with each larva for another 2—3 con-
secutive days until the larvae trans-
formed into prepupae. Control larvae
received either untreated leaves (N =6
larvae) or solvent-treated leaves (N =6
larvae). Larvae of all three categories
consumed parts of the leaves. Six days
after pupation, the secretion from glan-
dular hairs of individual pupae was col-
lected with microcapillaries (by the
technique previously used [6]) and ex-
tracted into hexane (10 pl per sample).
The samples from each pupa were ana-
lyzed by gas chromatography using a
Hewlett Packard 5890 instrument
equipped with a split/splitless injector
and a flame ionization detector. The
HP-ChemStation software program
was used to acquire and integrate data.
Solvent extracts were introduced by
splitless injection. Low-resolution elec-
tron-ionization mass spectra were ob-
tained using an HP 5890 gas chroma-
tograph linked to an HP mass selective
detector (MSD).
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