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LIABILITIES AND

Abstract: “The collapre ol null hypothesis siginficance testing asastaristical pavadigi has crcated Tiabilides anel oppor-
tunities m wildlite science. One Tahilite is that some formalism for statistical ivpothesis westing, such as likelibood with
information theory, will simply replace nall iypothesis significance testing as acrate approach o wildlite scienee. e
principal intetlecuanl instroment of the seicntist remaios die research hvpothesis, not the stnistical hvpothesis. Accord-
ingly. 1 apporiunity arising lrom a change of stalsteal paradigins is that the research hvpothiesis will move 1o the fore-
;_'ll'()llll(l ol wildlife science, the statistical |l\'|)ll[h(‘hiﬂ 1o the backgroumd. A secomd ()p]u)]']uni[\ (O broadening ol the
suite alinfereatial nucthods considered orthodox in wildlife science. Realization of these opportunities should help
wildlile scientists resist the social I('ll(ll'l:l__\ 1o allow tools (means., statistical mocelsy o ,\llpplunl the search for relale
knowledge {end) as the benelmark o seientific endeavor,. Science of the highest order, ine Inding sirtually all disceos-
cries that huninikind extols today, is possible withont the statstical bypothesis, but not withow the rescarch Tivpothesis

JOURNAL OF WILDLIFE MANAGEMENT 65(3):379-384

Key worels: Akaiki- Tnlormation Criterion, inference, likelihood, null hvpothesis, research bupotlesis, statistical Tvpothesis.

Romeshurg (1981 charilied lor wildlile science
the difference between sunistical hvpotheses
feonjectures o the properties of data) and re-
search hypotheses (conjectures on the processes
ol manoe). Wildlife scientists responded with
traedition of crisply stating null hypotheses in the
lirst person, active voice, aned perbaps niaking a
lew prediciions on the direction of wreatment
vlfecrs,

Romesburg™s (19811 main Point was
misseil, alimost completely. He advocated formu-
lating research hypotheses tollowed by making
dednenons on events that would oceur under
abscrvation o experimentation i the research
hypotheses were e, The statistical hypothesis
was simply o means of assessing the verity ol
deductions under the shadow of uncertainiy.
Recent ardeles by Cherey (19098), Johnson
{1999), anmd Anderson e al. (20000 alerted wiled-
lile scientisis 1o 1laws in the long-held tracition of
null hypothesis sionilicance testing (herealter,
signilicance testing). These authors ingued that
significance Jevels {Pavalues) are over-reported;
that statistical 1esrs e often unnecessary because
effects ace known o prioel and magnitude of
cllect is the issue of interest (Fdwards 1992); andd
that the stadistical null hypotbesis {ellect size - 0)
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must usually be false in the limit (e.g., large data-
sets analyzed on compiters with finite-decimal
capabilities).  Wade (2000) showed duat radi-
tonal significance wsting—in addition to 1w
problems mentioned above—ideals poorls with
issues of uncertainty and may therelore foster
management error. Anderson et al. (20000 advo-
cated likelihood in an
venue ay an allernative o significance 1esting.
IMereafter, we use the word likelihood o 1he sense
claborated in Anderson et al.’s (2000 paper,

LU nder the urguments of Cherry (19983, Johoson
(1999), and Anderson ¢t al. (20007, wildlite sci-
ence seems 1o be in the nascent stagres of o change

information-thcoretic

ol paradigimm concerning methods of anahyzing
data and drawing statistical inferences. We sece Ha-
bilities and opportunitics in this change. A major
liahility 1s that some role approach to analysis and
inference will simply replace significance 1esting,
Cohen (1994:1001) observed. “[[Hou'i look Ton o
magic alternative to [null hvpothesis stgnificance
testing L some other objective mechanical rital 1o
replace it T doesn’t exist.” A second habili is
that the stattstical hypothesis will retain its invalid
priority relative 10 the vescarch hvpothesis, These
linbilities can be tarned into opportunitics if the
rescarch community is willing to view the accumu-
lation of reliable knowledge from @ more heters-
dox perspective, and if the rescarehy hypothesis
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takes precedence as the prinvoy itellectual
mstrment ol the scientist (Beveridge 1957:71).

We address certiin concerns over the chamge of

analvtical paradiin as it seems (o be developing,
We point ont shorcomings of hkelihood as advo-
cated in Anderson et al, (2000) and in their more
general coverage of the subject and related issnes
of science (Burneham aond Anderson T998), We
argne that Tikelihood merely changes the nanoe
of statistical hypothesis testing and thus places
intellecnal eliort on the wrong aspect ol science.
We will revisit hiypotheses (null and rescarch)
and arguc, contrary 1o jJohnsan (1999), tha
rescarch hypotheses are omnipresent in wildlife
scicnce thongh seldom stited explicitly, We dis-
cuss the human tendeney o switch the relative
pricvities of means (e, statistical wesis) with
ends (e, reliable knowledye), We conclude with
A briel discussion ol astatistical science, which has
produced all of the wnajor discoveries cayrently
extolled by humankind, O main message s
stimple:s statistival hypothesis testing ol any kind is
aomeans, not ane end, and advances in under-
stunding come largely if not solely through the
formudation aned testing of research hypatheses,

LIKELIHOOD AND INFORMATION THEORY

Burnham and Anderson (1998) and Arderson
et al. {2000y presented compelling argoments in
support of likelihood as o powerful and concep-
tually sound replacement for significance testing.
In the course of these wrguments, however, the
ickiosynerasies of likelihood were not well elabo-
ratedl. Potential users of the methodology showld
appreciate its limitations, especially in the gener-
al context of seientific accomplishment.

Likeliliood retains some of the pitfulls of signif-
icance westing. Tt is by delinition o parametric
approwch 1o mference because one cannot com-
pute o likelthood withont a diserere or contin-
ous probahility model. Thus, i many applica-
tions, the rescircher using likelihood must make
strong assimptions regarding the prohability dis-
tributions that they oblain in nanee. 1 the
assumptions are wrong, the inferences drawn
from w duaset e not likely 1o be useful.

The use ol likehhood provides no proteetion
against rivial hypothesesa point condemmed for
f course,

no- statistical
methodelogy can provide this pratection, but the

sivnificance testing.

fact remains that o hypothesis tivial ander signif-
icance wsting renmains nvial under hikelihood.
Consider the example provideed by Anderson el
al. (2000).

The vesearch question wis whether
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spectacled eiders (Somaleria fischersy with lead
poisoning had annual survival rates dillerent
from those without lewad poisoning: the inalvtical
approach was essentially control versus treatment
(exposed o lead versns not exposedi. Not sur-
prisingly, poisoned birds survived at lower rates
than did control birds. Perhaps this example wis
poorly chosen by Andersan et al. (20001, but the
results conlirmed the obvious, as signilicance
testing would have. The analysis provided oo
information on dose-response reliatiomships and
acrordingly rendered magnitade of elfects argn-
ments possibly contingent on the spectfic sample
analvzed. Further, another vartable in the eiden
models {site} was not scientifically informiive.
Science cannot build s theory of cider demo-
graphics based on knowledge of site efteces inless
it deals with properties of sites, not sites per se.
Anderson et al. (20000 wgued that multiple
hypotheses were a component of good scienee and
cited Chamsberlin (1965) in supporc of dese argo
ments, There are 2 problems here. First, Cluon-
herlin did not advocae mnliiple siistica hvpothe
ses (the situation in likehhood, see below) hut rather
multple research hepotheses. That s, Chienberlin
advocated working with maltiple explanations ol
how o process operates in natare, not maltiple
statistical models hased on essentiallv the saome
underhving idea on how nanwe works, For exoame-
ple, using Anderson et al’s cider example, the
multiple hvpotheses tested were merely reinange-
ments ol the same underlving driving variables,
Second. Chanberlin udvocated muliiple rescich
hypotheses 80 vears hefore the melding of inlor-
mation theory and likelihaod into an analvical
prckage. e did nocadvocate mubtiple rescarch
hvpotheses in anticipation ol Tikelihood, Bt raiher
as a means tor individual seientists to protect them-
selves from personal bias, Chamberlin behieved sei-
entists woubd he less likely 1o become erunored
of a tavorite research hyvpothesis. and thus 1o com-
promise their objectiving if they had a sec ol com-
peting hypotheses. He therefore recognized "the
universal [homan | tendency 1o notice instances
that corroborate a favorie beliel more readily
than those that contracict it (Dewey 1910:22),

HYPOTHESES
The Null Effect

That a statistical null hvpothesis is inevitably
false (Cohen 1994) based on the mathematical
structure ol nuldl hvpothesis testing daes not
prove that a rescarch null hvpothesis is alwine
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wrong where theory ineets practice, Wildlile sci-

entists must be carclul not 1o confuse nuall

hypotheses and nudl ellects becanse naure must

e ripe with null elfeers tha are

community stability 1s a nondecreasing [unction
ol commnity diversity, for exiunple, there wonlid
scem 1o he levels ol diversity over which stahility
is constint. - Alieving diversity in these domains
wornld bave null elicets on stability,. Null efteces
would seem 1o hold, within the appropriue
domain. for all variahles in natare that are asvinp-
totivally related. For example, if a wildlife popn-
Luion conlorms 1o logistic growth, there will he a
range {llomain) of popalation sizes that has nudl
cftects om the rate ol growth of the populaton.
We coulidl even conjecture that, in nature, all con-
tinuous, curvilineay relationships with extrena
neighhborhoods ol

have ullness

large  or
simidl-——where change ina forcing variahle or set
of lorcing variables is not associated with change
ina response variable or ser ol response variahles,
For example, yicld is o parabolic lunction of pops-
ulation sive under the logistic model; there 15 a
neighborhood of nillness near the single popu-
Lidon size associated with maximum suslained
viell, Within ihis neighborhomd, chimge in pop-
trivial
chunges movield, The velmed idea of compensato-

ulation abundinee s associated  with
1y harvest mortadity is a classie example of @ null
clfect Tor fnovest rates ranging from 010 some
threshold devel. From a vonlinear perspective.
neighborhoods ol nulbness fand henee, nall effects
within spectfied doniins) would scem 1o he genesr-
al, irteresting, and impartant propertics of nawre.
Likewise, the practice ol wildbife management
undoubiedly is ripe with noll effecs. For example,
wildlife nemagers seem to operate under the Tun-
damental assumption (rescarch hvpothesis) that
wildlie poputations are food-limited. Under this
ASSIIM PN, @ mtural DUNIgement respotse Is [
ncrease lood snpplies. Yet for nocthern bobwhires
{Colinis wivgininnns), there 18 na convincing evi-
dence that adding ford 1o oecapied arcas increas
es abmindance (Guthery 1997); e, effect size = 0.
Whereas effecsize ) may be incompathle with
the theory ol significance wsting, i may be quite
computible with the reality ol the field and niay
leied v heter inderstionding of nature.
Inaesimilir vein, a rescareh hivpothesis of no
cffectis alegitimace challenge 1o unrested assump-
tioms aned dogmatic principles of management.

Leapold's (1933:132) law of dispersion (principle of

edge), Tor example, was clevated “ino a theorem
by usage rather han by more scientific methods”

sdgnilicant. If

SNUTT HYPOYTEEESTS & Coutliery of ol 1|
{Griles 1978:139).
processes ol hunman social behavior lead 1o “pront
by acclimation.” a null eftect hvpothesis may he
properly aggressive from a scientilic perspective,

Our point is that the somewhat tunological silli-
ness of the statistical nudl hypothesis in no way abro-
gates the importance of null effects in ecology amd
marigement. Indeed. neighborhoods of nulliess

[t such situations, where the

Se1ve as props lor undestanding the stabidite of pop-
ulations in response to harvese, variation in habica
teatures, and certain management perirbations,

Statistical versus Research Hypotheses

We appreciate the value of guantitative models
i wildlife scienee; indeed, we have published ses-
eral mechanistic and phenomenalogical models ol
wildlife population processes. We also recognize
that mathematical models (including stuistival
models as special cases) may be taken as research
hypatheses in certain sitnations. However, we sus
pect that. in general. stadstical and  rescarch
hvpotheses are best deseribed as members of fuzen
as opposed o crisp sets (Kosko 1992), This means
that a statistical hypathesis may be 1o some degree
wresearch hypothesis, and a rescarch Lvpothesis
may be to sume degree a statistical hvpothesis,

Given the fuzzy nature of hvpotheses, one
could argue that the multiple statstical hypothie-
likelihood
degree research hvpontheses, We conend these
multiple

ses advocated under A 10 SO
hypotheses are less Tike  rescarch
hypotheses and more like stistieal hvpotheses.
A probability model and a numerical aiterion of
favor and disfavor attend mference under likeli-
hood; the Akaike I[nlormation Criterion or g
related index is the functional analog  (neot
homologue’ ot a Pvalue in modelselection exer-

cises, [t is a numerical erterion by which one

judges (e, esis) the strength of evidenee in sup-
Judg g 1

port ol statistical model, Therelore, likelihood
does not deal explicitly with resesreh hvpotheses
any herer than did significance testng. OF
COUPSe, 16 was not meant o doso,

Krebs (2000:9) Lamented, "Almost all statistical
tests reported in the literature address low-level
hypotheses of minor importance 1o the ceological
issues of our day, not the mgjor nnsolved prob-
lems of ecological science.”™ The tests cmanating
from likelihood, alibough softened by ambignin
and sirengthencd by compromise hetween parsi-
meony and explanation, plav abowt 1the same rale
m the "ccological issues ol our dav” as did null
hyvpathesis significance testing. Likelihood. like
significance testing, i but a too! derived 1o assis
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dedactivee saience in evahuding the merit of

rescarch hvpothe

s under the uncertainty that
attends lnboratory and field experiments.
Jotmson (1999) reasomed that {explicitdy state)
rescarch hypotheses were e in wildlife scienee
because of the intercormectedness of components
i ceasvstein, leading to nebulosity over what
could be cansidered an effect. We oller wsimpler
explamation: by dint of maining, tradition, and the
feedback loop engenderetdl by traming and tradi-
tion, wildlife scieniists have comaee 1o see the st-
tistical hypothesis as wore importane than the
reseirch iypothesis—a prime example of what
Burke (1984) termed a truined incapacity.  We

aintout thar one cannot design a sty or con-
duct a statistieal test withionl a research hvpothe-

sis bevause the research hypothesis governs whae
pernbanions are invoked, what variables are mea-
sured, and what tests are conducted, Soaresearch
hypothesis is idways present, at least implicirby,
Researeh hypotheses may range from the every-
davdo the elegant and ther predictons from the
sophomoric (o the sophisticated. A tood plot
study, for example, operates under the research
hypothesis that a population is food-fimited and
the rescarchers predict (deduee) inereased den-
sity with the addition of foods o an area, They
ney lucthier precien thin inereases i density will
be proportional o the amount of food provided.
In other sitnations, the processes leading o an
outcome are more involved and the deduction(s)
less alwviows. These circumstances niy hold for
hasic and applied studies. Vor example, ina basic
stucly, Kohlmann and Risenhoover (1998:178) rea-
sonedd that a Torager wonld end 10 selecavely
exploil the vichest patches if it bad “preharvest
intarmation” on patch richness (as garnered

through experience), and if the spatal seale of

availiuble patchies nauched the Torager’s cognitive
representation ol the envirominent. "This rescarch
hypothesis led o a prediction of selective loraging
behavior They reasonced further that alack of pre-
harvest inlormatton, mismiatched cognitive and
real spatial scales, and/or high variability in

resaurce availability would Iead 1o a prediction of

nonselective fornging behavior, These research
hypotheses were evaluated in the Laboratory, and
their validity was judged with statistical wses,

In the field, experimental nunipulation of vari-
ables thonght 1o govern processes is more diffi-
cull than in the laboratorv. However, this does
not preclude the application of deductive sci-
cnee. Far example, Spears e ad. (1993), finding
empirical contradictions 1o the hypothesis that
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bobwhites are a lower successional species, rea-
soned that comimonalities in habiar siructare
govern the abundanee of bobwhites in differcin
regions (resewrch hyvpothesisy. Thev abserved
that a given structure occurs in dilferent serd
stages on sites of different productivity, as medi-
ated by soils and cdimate. Thev deduced. under
the research hivpothesis, the presence of an inter-
action cffect between hobwhite abundancee and
seral stage oo sites of diffevent prodociivine and
lested for chis effece with ficld dat, An interest-
ing circumstance in this sty was that the data
were not amenable 1o analvsis by inderential sta-
tstics; e.ge, o low seral stage™ reatment ina xeric
envivonment differed compositionally and struc-
turally from a “low seral stage™ treatment iy o
mesic environment. The sciemitic strength of
the work arose because cmpirical findings -
ported an a prioni prediction on hobwhiwe popu-
lation behavior, althoagh not unamhiguously,

The handicap principle {(Zabind and Zahavi
1997) serves us an example of an inspired re-
search hypothesis that we sece as more elegant
than a suite ol Akaike Information Criteria in a
mutti-model likelihood sewing,  The principle
stales that in the animal kingeom a signal recen-
er (e.g., a sexually receptive Temalet judges the
quality of a signaler {e.g., a malte) according the
risk (handicap) associated with signaling.  In
other words, the risk associated with a signal reli-
ably quantifies the fitness of  the  signaler
(nature’s method of assuring wuth in advertis
ingl. As a point of interest, scienific challenges
to the bandicap principle have taken place in a
game theoretie context (Jolnstone 1998). devoid
of statistical inference bl not devoid of reason
arel mathematical logic,

The handicap principle might ulimately fall 1o
challenges from skepucal scientisis, bt it now
serves as a simple. unifving theme that explains
the hehavior of a diversity of organisms in a broad
range of contexis (Johnstone 1998y, Science is
search forsuch themes. an attempt to collapse the
chaos of nature (Cohen and Stewart 1994) inio a
set ol simple. explanatory models. The scarch
iy be aided by the statstical hvpothesis, but it
starts and ends with the research hypothiesi

MEANS VERSUS ENDS

Cherry (1998), Johoson (1999). ind Anderson
et al. (20000 clearly demonsirated that signoili-

canee testing (a tool or means) was transimuied
into an end by wildlife science. Postman (1992)

maintained that modern human  institntions,
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including science, are uniquely gilted at such
transmutations, Toots, he argued, were original-
Iy obpects invented cither o solve specific and
nrgent problems of physical life or serve in the
symbolic worlel of art myth, or religion. As a
technotogical culture develops, however, tools
play o maore central role in s thonghtworld, In
essence, weehnologios hecome dhe calure, Sup-
s, for exaniple, that we require ahouse 10 pro-
lect ns from inclement weather and dhat a ham-
mer is needed for construcetion, The tendency off
nmuslern socicly everually would be to focns on
perfecting the hammer, rather than building the
hons

thuas tansmuting means inco ends.

Environmental scientists aove far (kom immune
to this process. Recently, Peterson (1997:86-118)
evaluated an Enviconmental Assessinent in Cana-
cla wherein governmental wildlife and animal dis
case experts reeonunended killing all bison
(Besen hoon) in Wood Buifalo National Park o
reduce 1the visk ol discase transmission  from
these hisaon 16 cattle or disease-tree bison herds.
She found thae loeal residents, many of whom
b linle formal education. were muach less likely
o conflate means and ends than were biological
Cexperts”
options availuble 1o them than 1o the experts.
Although the cultare ol expertise personified by
binlogists predominated throughow the official
hearings, the local residents subverted this cul-
ture of expertise and prevenied the bison sluugh-

ter recommended by the hinlogists,  Whereas

focasing on methodology may lend an air of

abjectivity o wildlife science, eventually the
methodology thyeatens o subsume the goal Tor
which the methods were originally developed,

ASTATISTICAL SCIENCE

The heading of this section may seem an oxy-
tmoron o wildlife scientists. Our profession has
heecame so smitten with stadistical testing of )
forn or another {Cherry 1908, Johnson 1999,
Anderson et al. 2000) that science withowt statis-
tics is whnost inconceivable. T fact, scienee with-
o statistics is unparalleled.

The greatest accomplishments in the history of

seienee e debatable, bhut Brody and Brody
F1996) Tist these:
physics, thee structine ol the atom, the principte

ol relativity, the Big Bang and the lormation of

the universe, evolution and the principle of nat-
ural selection, the cell and genetics, and  the
stracture of the DNA molecule (note that 3 of the

7 accomplishments are hiological).  Mendelian

Ihis vesulted in o broader array of

pravity and the basic laws of

NULL HYPOYUHESYS o Cutliory of o, RERS

genetics oflers a specific example ol this tpe of
astatistical science. Without the wid of statistics,
and with nothing more sophisticated than simple
frequency culeulations, Fr. Mendel was able 1o
deduce the fundamental principles of heredin,
A mare recent by related example is the map-
ping ol genome
Human Genome Sequencing Comsortium 2001
The completion of this monumental task com-
pletely rewrote ddeas  (rescarch hvpotheses)

the human {Torernatiomal

about the number ol genes in the i
genonte,  Instead of the 100.000-150.000 genes
oniginally hyvpothesized, the completed sequences
indicated a mere 30,000,
seientific contributions was made possibile by st

I fuct, none of these

tistical hvpotheses. The contributions waose from
simple descriptive science embellished with v
scarch hvpotheses that explained the patierns
apparent in descriptive dati. The development
of these revroductively derived hypotheses
(Romesburg 1981) vequirerd vears of 1esting
before they reached the stature of scientific prin-
ciples, theories, or laws (RKrehs 20005, bue did not
hinge on statistical hvpotheses.

Although these important scientific contribu-
tions did not rely on statistical hvpothesis westing,
we should not inder that no evaluative methods
were used. Iustead, methodologies [ree from sta-
tistical hvpothesis testing were emploved.  In
recemt years, ecological science typicallv has iz
nored these approaches. used them only in con-

Junction with inlerential statistics, or relegated

their use to popular literature. We maintain, how-
ever, that logical arguments. such as 1hose used by
Cherry (1998), Johnson {1999 and Anderson e
al. (2000). and/or mathematical ACLLLLLE NS Citn
further the cause of wildlile science. Similarh.
conducting sensitvity analvses using ecological
simulation models can provide usetul. reliable
knowledge (Maguire ¢t al. 1995, Wisdom and
Mills 1997, Peterson etal. 1998). Numerous other
largely astatistical approaches also deserve con-
sideration, including graphic depictions of da,
qualitative analvses, and soft svstems.  Just s
Chamberlin (1965} advocated multiple rescarch
hyvpotheses w protect against personal hias. so
might wildlife scientists expand the suite of ana-
Ivtical praciices considered orthodox 1o protect
against the transmuation of means and ends.

CONCLUSION
We see hkelihood as a formadism for statistical

inference that is beter than nudl hypothesis sig-
nificance testing where statistical hvpotheses have
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merit, bue thin pertorms the same seconeary ser-
vice to the scaentilic community: Tests of statistical
hypotheses. As wildlile science changes the nian-
ner e which it deals with siatistical inference,
practitioners necd to keep in mind that the sta-
tstical hypothesis is a means, natan end,

The opportunities associated with the nuscent
paricigm shift in wildlife science—assuming we can
avoid mimdlessly replacing one form ol inferen-
tial sttisties with another—inclnde reemplisizing
rescarch hypotheses, deductions related w these
hypotheses, and creative nranipulatve or mensuras
live experiments designed 1o test these dedicnively
devived prodiciions (Romesburg 1981, Huorlbert
1984). This process can be enhanced i academi-
aans, referees, and editonrs are willing 1o place logi-
cal argnment, effect estuation, descriptive statis-
tics, wraphic approaches, qualitadive anabsis, and
ather methads i the veabin ol scientific orthodoxy,
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