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Ecology’s troubling statistical trends

The number of reported P values (red, average per paper) has risen,
while R2 values have dropped (blue, average per year).
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Ti to OepeAwdeg Exoupe pabel ta teAevtaia 20 ypovia yio TNV
OwoAoyia w¢ emtotN EpAPUOYAC;

* KaAUtepn katavonon tTng ZTatioTtikng pebodou
* Inunaoia twv Big Data
* Néa Bewpnon tnc MaABouvociavig dtapaxng

e JUvOeg0N MOALTIKAC, OLKOVOMLAC Kol LOEOAoyLac: To
napadeypa twv kapnmuAwv Kuznets (EKC)

e Aewtoupylkn ox€on BlromowkiAotntog Kot OLKOGUOTNULKWV
Awepyociwv (BEF)

e ‘Evvola TWV «KOWVWVLKO-OLKOAOYLKWV» cuoTtnuatwv (SES)
* OwKOVOMLIKA aéla TwV BLOTIKWV TOPWV



Ti to OepeAwdeg Exoupe paBel ta teAevtaia 20 ypovia yLo Tnv
OwoAoyia w¢ emtotUn EpoPUOYAC;

* Asin many sciences, Ecology has become less descriptive and more quantitative
as it matured (Science, 2014).

* The search for high significance in experiments: the proliferation of P values
(which is happening in many fields) concerns statisticians, because the value by
itself doesn’t say anything about the size of the effect or its biological
significance. Nearly half of all papers in Ecology did not appear to include other
statistics that would clarify for readers whether the result had a major ecological
impact. The more P values that are calculated, the higher the odds that any
given result will appear to be significant even if it’s just the result of chance.

* Hatéppwv endiwén tne BePBardotntog o€ Evav moAunAoko Koopo sivat
oAUOLTEANC KAOOTL N OTATLOTLIKH TOCOTLKOTIOLNON EUTEPLEXEL TNV afeBardtntal

* To yeyovog auTO EVPLOKETOL GTOV TUPRVA TNG SUOXEPELOC HETAOXNUATLOHOU
TNC OLKOAOYLKN G YVwon¢ o€ epLBaAlovtiki moAttikn!

Owovoyuia, tdeoloyia, atieg, ...



Rising complexity and falling explanatory power in ecology.
Etienne Low-Décarie, Corey Chivers, and Monica Granados 2014. Rising complexity

and falling explanatory power in ecology. Frontiers in Ecology and the Environment 12:

412-418.

Ecology’s troubling statistical trends

The number of reported P values (red, average per paper) has risen,
while R2 values have dropped (blue, average per year).
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Rising complexity and falling explanatory power in ecology.
Etienne Low-Décarie, Corey Chivers, and Monica Granados 2014. Rising

complexity and falling explanatory power in ecology. Frontiers in Ecology and the
Environment 12: 412-418.

Low-Décarie et al. 2014 downloaded 18,076 articles, dating back to 1913, from three
journals that cover a range of ecological research: the Journal of Ecology, the Journal of
Animal Ecology, and Ecology. Rising complexity and falling explanatory power in ecology

Ecologists are testing more and more hypotheses, but their studies are explaining less
of the world.

Ecologists have made major contributions to shaping modern views of how the natural
world works, from documenting competition and cooperation in nature to clarifying the
valuable services that ecosystems can provide to humans, such as purifying water or
buffering storms and floods.

The average number of P values per paper has been steadily rising, they found. A typical
paper now reports 10 P values, double the number from the 1980s. This suggests that
researchers are conducting more experiments than before or exploring more variables.
In other words, ecological research is getting more complex. A scientist trying to predict
algal blooms probably has an equation that considers not just phosphorus levels, but
also temperature, water clarity, and many other factors.

R?—a more informative statistical indicator—has been on the decline. In 1980, the
average R? reported in papers was about 0.7. By 2010, it had fallen to just under 0.5

Read More: http://www.esajournals.org/doi/abs/10.1890/130230



http://www.esajournals.org/doi/abs/10.1890/130230

Error Type | and Il

* H moootwkomnoinon tng OWoAOYIKAC EpELVAC TIPOC TNV KateLOUVON TNG
epappoync amattel tnv Babeia katavonon tng E€vvolag Tou ohAALATOC KAl TNG
oTpEBAWONC oTOV MELpApATIKO oxedlaopo (bias: the combination of various
design, data, analysis, and presentation factors that tend to produce research
findings when they should not be produced).

* Instatistical hypothesis testing, a type | error is the incorrect rejection of a true
null hypothesis (a "false positive"), while a type Il error is the failure to reject a
false null hypothesis (a "false negative").

 Atypelerroris detecting an effect that is not present, while a type Il error is
failing to detect an effect that is present. The terms "type | error" and "type
error" are often used interchangeably with the general notion of false positives
and false negatives in binary classification.



Error Type | and II: To KAloOLKO TTAPASELYHA TNE TTOWVIKAC Siknc!

Awkaletol toAitng pe mowikn katnyopia. O €évopkoc i 0 SIKAoTAC EAEYXEL TNV YOOEGON

Hypothesis: "The evidence produced before the court proves that this man is guilty.”
(MpoinoBeon dikaing diknc)
Null hypothesis (H,): "This man is innocent.« (Tekpunplo aBwaotntog)

Null Hypothesis (Ho) is Null Hypothesis (Ho) is
valid invalid

Reject Ho Type | error Correct outcome
| think he is guilty! False positive True positive
Convicted! Convicted!
Don’t reject Ho Correct outcome Type Il error
| think he is innocent! True negative False negative
Freed! Freed!

Aekadec mapadeiypata ano tnv OwkoAoyia, Owotoéikoloyia, MeptBaAlovtiki Xnueia,
KOK...



Why Most Published Research Findings Are False
J.P.A. loannidis, PLoS Med. 2005 August, 2(8): e124

Research True Relationship

Finding Yes No Total

Yes cR(1 - B/ (R+1) c1=[1=al)/(R+1) cR+1-01-a]"-RBY/(R+1)
No cRP"/(R+1) c(1—o)/(R+1) c([1=al”+RB"Y/(R+ 1)

Total cR/(R+ 1) c/(R+1) c

DOI:10.1371/journal.pmed.0020124.1003

R: the ratio of the number of “true relationships” to “no relationships” among those tested
in the field. The pre-study probability of a relationship being true is R/(R + 1).

The probability of a study finding a true relationship reflects the power 1 - B (one minus the
Type Il error rate).

The probability of claiming a relationship when none truly exists reflects the Type | error
rate, o.

c, # or rate of, relationships being probed in the field.

n, # of replications



Why Most Published Research Findings Are False
J.P.A. loannidis, PLoS Med. 2005 August, 2(8): e124

loannidis corollaries:

Corollary 1: The smaller the studies conducted in a scientific field, the
less likely the research findings are to be true.

Corollary 2: The smaller the effect sizes in a scientific field, the less likely
the research findings are to be true.

Corollary 3: The greater the number and the lesser the selection of
tested relationships in a scientific field, the less likely the research
findings are to be true.

Corollary 4: The greater the flexibility in designs, definitions, outcomes,
and analytical modes in a scientific field, the less likely the research
findings are to be true.

Corollary 5: The greater the financial and other interests and prejudices
in a scientific field, the less likely the research findings are to be true.

Corollary 6: The hotter a scientific field (with more scientific teams
involved), the less likely the research findings are to be true.



H OwoAoyia oto otavpodpot... tTn¢ Emtotnpoviknc Mebodou

* To {ATnua TNC a priori otatlotikAG: Ho kat Error Types

* To {ATnua TNC a posteriori otatloTIKNG: Bayes

 To {ntnua twv big data:

* H duvatotnta cUAAOYNC Kal EMeéEpyaoiog
MEYAANC ocotnTac S€6O0UEVWV aVTIKOOLoTA
TNV idLa TNV entotnpovikn M€06odo/Oswpioa!



H MaABouciavni dtapayn, otnv lotopia...

Population size—

Number of Individuals

Time

Time —

EkOetikn e€lowon (Malthus) Noyiotikn e€iowon (Verhulst)



H MaABovuoiavni dtapaxn, onpepa... H cuykpouon twv BewpLwv:
nAnOuopog, avantuén, mepBailov Kot oLKOVOuia...

Boserup

Food i

-
LT
e

“Malthusian
Catastrophe”™

Population

2e Eva ypadnpa, n cuyxpeovn Stopdxn enti tng neviog Twv nopwv, tTng GTwyeLAC, TN
aerpopiag kat Twv dteBvwv oxécewv!



EKCs: povokopudeg KatavopEG MeEPLBAAAOVTLKNAG EMIMTWONG WG
TPOG TNV OLKOVOuia
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EKCs ko kpatovoa Oswpia mepi Statipnong tng BLomokltAoTnTaC

Less-developed Countries Developed Countries

Directionality:

after crisis

% Species conserved

The rising limb

v

Wealth (e.gl GDP/capita)

The poverty trap



Aetwtoupylkn oxeon BlomowkiAotntag kot OLKOCUGTNULKWY ALEPYOLGLWV
(BEF): BIODEPTH: BM-MNapaywyn
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Decreasing Plant Species Richness

Hector et al., Science 286: 1123-1127 (1999)



SES: Framework for the Ecosystem Service Provision (FESP)

: Social-Ecological
: System
Drivers Service
e.g. Economy | iBaseline/Futu Providing :
Demography | ires ‘ Units
Society Ecosystem Ecosystem (SPUs)
service service
TeChnOIOgy beneficiaries providers
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OLKOVOMLKN aOTipNnon BLOTIKWV MOPWV...

Price

Price

Supply = marginal cost

Demand = marginal benefit

Supply = marginal cost

. Consumer
’ surplus
(- b

i ||

Net

rent
il

Demand = marginal benefit

q
Quantity

Costanza et al. 1997....

Built

Social

Capital Capital

Human
Capital

Ecosystem
Services

Natural Capital

Costanza et al. 2014...



Ano tn Oswpia oTNV MPOYUOTIKOTNTO: N OLKOVOMLKA agia...

Table 3
Changes in area, unit values and aggregate global flow values from 1997 to 2011 (green are values that have increased, red are values that have decreased).

D. Change
B. Change both unit E. F.
unit values C. Change values and Column C - Column D -
A. Original  only area only area Column A Column B
Assuming 1997 area  Assuming 1997 area  Assuming 2011 area  Assuming 2011 area
and 1997 unitvalues  and 2011 unitvalues  and 1997 unit values  and 2011 unit values 2011-1997
Biome Area Unit values Aggregate Global Flow Value Change in Value
(e6 ha) Change 20075 /hafyr Change e12 2007$/yr e12 2007$Ar
1997 2011 20114007 1997 2011 2011-1997 1997 2011 2011 2011 | 1997 unitvalues 2011 unit values
Marine 36,302 36,302 0 796 1,368 572 28.9 60.5 29.5 49.7 0.6 (10.9)
Open Ocean 33,200 33,200 0 348 660 312 1.6 219 11.6 21.9
Coastal 3,102 3,102 0 5,592 8,944 3,352 17.3 38.6 18.0 21.7 0.6 (10.9)
Estuaries 180 180 0 31,509 28,916 -2,593 5.7 52 57 5.2 - -
Seagrass/Algae Beds 200 234 34) 26,226 28,916 2,690 5.2 58 6.1 6.8 0.9 1.0
Coral Reefs 62 28 -34 8,384 352,249 343,865 0.5 217 0.2 9.9 (0.3) (11.9)
Shelf 2,660 2,660 0 2,222 2,222 0 5.9 59 59 5.9 - -
Terrestrial 15,323 15,323 0 1109 4901 3,792 17.0 84,5 12.1 75.1 (4.9) (9.4)
Forest 4,855 4,261 -594 1,338 3,800 2,462 6.5 19.5 4.7 16.2 (1.8) (3.3)
Tropical 1,900 1,258 -642 2,769 5,382 2,613 5.3 10.2 3.5 6.8 (1.8) (3.5)
Temperate/Boreal 2,955 3,003 48 47 3,137 2,720 1.2 9.3 1.3 9.4 0.0 0.2
Grass/Rangelands 3,898 4418 520 321 4,166 3,845 1.2 16.2 1.4 18.4 0.2 2.2
Wetlands 330 188 -1420 20,404 140,174 119,770 6.7 36.2 34 26.4 (3.3) (9.9)
Tidal Marsh/Mangroves 165 128 -370 13,786 193,843 180,057 2.3 32.0 1.8 24.8 (0.5) (7.2)
Swamps/Floodplains 165 60 -1050 27,021 25,681 -1,340 4.5 4.2 1.6 1.5 (2.8) (2.7)
Lakes/Rivers 200 200 0 11,727 12,512 785 2.3 25 2.3 2.5 - -
Desert 1,925 2,159 234 - - 0 - - - - - -
Tundra 743 433 -310 - - 0 - - - - - -
Ice/Rock 1,640 1,640 0 - - 0 - - - - - -
Cropland 1,400 1,672 272 126 5,567 5441 0.2 7.8 0.2 9.3 0.0 1.5
Urban 332 352 20 - 6,661 6,661 2.2 2.3 0.1

Total 51,625 51,625 0 45.9 145.0 41.6 124.8 (43) (20.2)




H cuvtputtikn amotuyia tTng MOATIKAG Statnenong tng
BlomoikiAotntoag: 40 £tn LUOwWV...
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H cuvtputtikn amotuyia Tng MOALTIKAG StatAenong Tne
BlomotktAatntog: 40 £Tn LUOWV...

Fig. 2. Aggregated indices of (A) the state of bio- 124 A state
diversity based on nine indicators of species’ population -
trends, habitat extent and condition, and community '

composition; (B) pressures on biodiversity based on five 107
indicators of ecological footprint, nitrogen deposition, 0.9
numbers of alien species, overexploitation, and climatic

0.8
impacts; and (C) responses for biodiversity based on six

indicators of protected area extent and biodiversity cov- o
erage, policy responses to invasive alien species, sustain- 1.8- B Pressure

able forest management, and biodiversity-related aid.

1.6
Valuesin 1970 set to 1. Shading shows 95% confidence 3 ’
intervals derived from 1000 bootstraps. Significant 2 47
positive/upward (open circles) and negative/downward .
(filled circles) inflections are indicated. '
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