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Statistics are used to simplify patterns
underlyingicomplex biological phenomena

Consultation with o3
a statistician j”’“
should be _— -
mandatory. for |
any:survey-based 1
project




Statistics are used fo
SUpport the decision-making
process, and not intended to
be the sole consideration in

that process

Strong experimental
design and statistical
analyses lend
irrefutable credibility
to survey results
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nasia higher density.

(Using sampling)
chance fhat Site A
than Site B

concliusion:
here is a 957

Statistics
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Major: Steps in designhing,
Implementing and
Evaluating a Project

4. How will the project be designed?
9. How will the data be analyzed?



1. Whai'is the Question or Hypott

[712 mosi imporiai 5



Sampling Universe

Trnz vooularion aogiyf y
vou want o deay coneligions

BIESIGraiIng imrough the
Wesiiwooas INationall Monument:



Doesifhe abundance of
neoiirepicallmigratory birds differ among
fforesiiintierior andyoung forest/edge
habifals at e Westwoods National
Monumeni: during Spring migration ?

H:

Hs






2. What Parameter Needs
o be measured?



= IS @G ariveyonly whole numbers

> Corrintatls — Ay idlz g el il e

34, 1997, V297



Ecological  data often
are not taken from a
symmeirical, bell-shaped curve

bdean
A= dian kA= dian

bAode

Symmetrical Meqgative
Distribution Skew




3. Can the Parameter be
Measured Reliably?

Car you collzet zhougn dafd fo delelgzds
TNz quzstion of lilr2rzsr7

A oINnedasuringRnespopulation fhat
youpsaidioeuwouldimeadsure?

HEreIeRGcessIVErERR@OR o BIFAS

IRYoURmedsurements?



Sampling
Bias

Systematic deviations
from the true values

—
(@

H» O 0o

‘0
.
*
R
o
R

‘0
*
*
‘$
*

2 4 6 8 10
True Number of Woodpeckers

N

Estimated Woodpeckers



Major: Steps in designhing,
Implementing and
Evaluating a Project

4. How will the project be designed?
9. How will the data be analyzed?



4> What isian Appropriate
Study: Design?

immy  Mean number of NTMBs per plot



Measures off Centrall Tiendency

l

Mean - average

No. Quadrats
O~ N wPpH

1110
O12 3 45 6 7 8
No. Trees Counted

Normal Distribution -- bell-shaped curve



Measures of: Centrall Tendency

Mot af 2 a1z AN 1 e
43 FAZ Jdrd 2120 IF I

Bl eavallierofrne mean tells
us JJrrJa Withiouizantindication of
th ISPERSTON of values used

jorcalculaier that mean.



IS 52 % 7 A RN W
ol q e Head [ et S B
AN T
IR A 4 O N 1 O R A
Y M TIRI Sy
EREXNUECEAE
oo e bl T 8
ANEIE 4 CROX
BREEE Y FDAM
D3 BT ST T

205 - 184.9

43)?

(2X)?
n 205 - 10

G2 5 o

10-1

201 /°9 =223 =

“* Standard Deviation

\ariance

‘e

%o
- e
- ‘

||
— [ ]
— [ ]

L

Sgrt (Variance)

. Sd U
~..5qrt (2.23)=1.49.~



Stiandard Deviation (sd)

687 of data are between 4.30 + 1.49 (2.81 - 5.79)
957 of data are between 4.30 + 2.98 (1.32 - 7.28)



Frobability and the
MNortnal Distribution
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Stiandardl Deviation (sd)
VS

Standard Error (SE

\\

sol = variarion 1n 1z ogoularian (el



lihe Siandard Deviation is good

ffor examining variation around

iihe mean, but what if we want

10, compare fhe variation in two

populations that differ widely
In Their mean values?




Doesi one species
show greater
variation in weight?

%

Asian Elepan’r

2= 3990 K
el = 293



http://natzoo.si.edu/zooview/exhibits/smmam/tour/large/eleshrw8.jpg

Coefficient of Variation CV)

CV. = (sd / X)(100%



http://natzoo.si.edu/zooview/exhibits/smmam/tour/large/eleshrw8.jpg

Standard Deviation (sd)
VS
Standard Error (SE)
Vi
Coefificient of: Variation (CV)

CV = relative estimate of population
variability = sd / mean




4> What isian Appropriate
Study: Desigh?

Third, develop sampling protocol that
allows reliable data to be collected



Whaiwillfbe our'sampling protocol?



Samplihg, Design

Randomnzss — Eveey il in iz
nas an zqual enance of ozirg )

Trcdzozdznes — gy
JJJJJ‘ Jn» _Jm e JJ&:)I] i




Randomi(orProbability) Sampling

R i B A R AR PR R
R S I S R R Quadrats selected

! totally by chance

Random
numbers
table



Systemaic Sampling

RIS BRI Quadrats selected

B evenly spaced

No random
component:



Systiematic Sampling with Randem Star;

R R A N AR PR R
IS R I S I o S B I ) Quadlrats selected

!E..-.HE-- are evenly spaced

Random
component
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Minimum Sample: SizerRequiremen

Caleularzd BEFORE g1udy 13 lmplzmziirze
(TF POSSTELE

Usz PELOT STUNY o 2451 eleife

Need 4 pieces of information:
Mzdn & imzasurz of vegldne of delgdeligl 22
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1 er' 12v2] (e,

CONNONES

In
v
-~



oome
Statistical
llerminology



Sitatistical Errors in
r]\/r)J fnesis liesting

Along (w) - Alsg callze Tyo
Prooanility frai Wz gz
Null FHlyoornzsis wazi i faer by 5 etz

Bz (B) — Al edll2el IR 2B dded
ZEOpULIVA AW donot reject the
INIINSVEOTHESISIWREN it s, in fact, false.




Tinoorrans for caleuleaige ity
EGEssaryssample sizes
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Minimum Sample: SizerRequiremen

Caleularzd BEFORE g1udy 13 lmplzmziirze
(TF POSSTELE

Usz PELOT STUNY o 2451 eleife

Need 4 pieces of information:
Mzdn & imzasurz of vegldne of delgdeligl 22
MEoHIUEEReRdIfEerenceryoulwant: fio detect
1 er' 12v2] (e,

CONNONES

In
v
-~



Minimum: Sample Size (n)

Where, d = minimum detectable difference
M = multiplier from normal distribution

s¢ = estimated population variance



9, Appropriate Data Analysis

Null'Hypothesis (H,)
Alternative Hypothesis (H,)



\\]J“ r]\/r)J ff eSIS JJJJ”/
festied via a shafistical fies

Tf Null Flyoornzsis nor aeezayel,
iz Alrzenarive Flydarnzsks
SESICERONEN TP

WENEEE lanie eciiveWay o rejecting
o (O] r’)J eeiing The AuliNypoinesis based
IpEHNERropabIlityAdi Tne estimated
paratmeneriocelrred by cnance alone.



lihe conclusion that the observed
result s significant is established
by the significance level (alpha or o).

Lt isitihe probability above which we
do not reject the Null Hypothesis.




Now, lei’s get down t



Doesifhe abundance of
neoiirepicallmigratory birds differ among
fforesiiintierior andyoung forest/edge
habifals at e Westwoods National
Monumenit: during Spring migration?

H:

Hs
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FORESII INTERTOR

G Z = 2.72 = \Variance

+ Standard Deviation ="
i sd = Sqgrt (Variance) = :

“.5qrt (2.72)= 1.65.



Frobability and the
MNortnal Distribution
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Arerthe Datia Normally: Distributed?

Number of Plots

Number of Plots

0 1

It

2 3 4 56 7 8 9 10
Number of Birds

0 1

il
2 3 4 5 6 7I8I9I10I
Number of Birds




S0...
ihe datia appear fo follow an
(@pproximate) normal distribution




Wz arz cormoaring 9l me el

Thz derea arz nog; disiripiied

Ihe two samples have similar variances



The t-test will allow us o assess
i iherensia difference in the abundance
o INIMBSH I the twoer habitat tiypes,
and




he fest statistic...

Prob

Look up critical value in fable: a0 = 0.05 (2-tailed), v = 18



Whai dorwe conclude?
s

H 4

Since fhe t-statistic (1.63) is not greater
than the critical value from the table (2.101),
We cannot reject the null hypothesis and
conclude that no difference
exists between habitats.




Another way 1o examine
The differences
beftween the mean
values of two samples



Confidence Intervals

Often, 957

Allows us to
estimate the
precision of
our estimate



7 yvaluz rakzi f o)
srerrigrical raelz2
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Mean + 99575

(o)

ol

larion

Birds per S
N

Contidence

Edge

Intervals




Now, back to our hypothess testing

Wihaitdo we concliude?
Il

Hy:

Since the t-statistic (1.63) is not greater
than the critical value form the table (2.101),
we cannot reject the null hypothesis and
conclude that no difference
exists between habitats.



Whai dorwe conclude?
s

H 4

Since fhe t-statistic (1.63) is not greater
than the critical value form the table (2.101),
We cannot reject the null hypothesis and
conclude that no difference
exists between habitats.




BUi, wasiourdesign rigorous enough
forbe able tio detect a difference?

0 = n (difference?)
4 (variance)

= 1.15
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that there was a 707 chance that we
claimed there was no difference in

NITTMB abundance when, in fact,
there was a difference




oW many: poinis counts would we
nave needed in each habitat
10 detect a 267 difference?

M =mulTiplier from table = 7.9

ni= 2.(7.9) (3.648) = 57.64 = 34.1 points
(1.30)(1.30)  1.69




File Edit

ower Analysiz of Monitoring Programs - Hetscapehff » ://|m . nbs .Qq OV/ ) OWCClse/ DowcCase. h']'ml &

Wiew Go  Communicator Help

<« » A % 2 £ S &£ @

Back Fonward Reload

Home Search Guide Frint  Security  Stop

=
g
7
o
1

& |

Main Page
A Power Primer

Power Analysis
Step-by-Step

How many,

how often, &

how long?

Power Links

Power

Bibliography

Download

MONITOR

Tharnks for. ..

Power Analysis of
Monitoring Programs
Designing effective surveys

Inherent to any monitoring program is variation in the numbers of plants

and animals counted. Some of that variation iz natural (e.g., population

dynamics such as bitths, deaths, immigration, and emigration, weather

effects, and so on)and some iz due tothe flaws of the chosen monitoring

technique (e.g., observer differences, different fractions of individuals being

counted each tirme) Thiz wariation in numbers (from both natural and .
sampling sources ) partially obscures the presence of any longtermtrends. If

the noise fromthis extraneous variation is high enough and we have too few

counts, then we may fail to detect important underlying population trends in

our population which, after all, iz the goal of our monitoring program.

These pages are intended for anyone who's interested in starting a
monitoring program, and do not assume advanced knowledge of statistics.

Other sites of interest in the PWRC Mounitoring Progrant family:
The Amphibian Count Database
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Conclusions

we had only a 307 chance of detecting
a difference if it did, indeed, exist




6. Evaluating Success of Project

Appropriateness of data



Data Management

Checked for errors before & after
recording in'an electronic format



Choosing ani Appropriate
Statistical Test;



How many variables?




How many variables?




How many variables?

.
-
e —







..of the
Venezuelan
Savanna



http://www.selu.com/bio/wildlife/reptile/lizard/lizard02.jpg
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We are interested in detecting:

ASaESIgncancen(ayNevelfof 010

AridSpower of 9075



Minimum: Sample Size (n)

Where, d = minimum detectable difference
M = multiplier from normal distribution

s¢ = estimated population variance



100 m

100°m
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2Ms?

Minimum, sample size, n = -----
dz

= 8.6 = 0.60 <° =0.49
(0.50)(0.60) = 0.30

2(8.6)(0.49) 8.43

(0.30)2 0.09



ToTalarea




CORRECTED Minimum Sample Size (n’)

n'= corrected
n sample size

W= n = original

(1 + [In/IN1) sample size

N'= total possible
sample size






We're also interested in habitat use
by lizards}in' Llanes National' Park

H.: No difference in lizard
abundance between habitats

H,: Lizards not distributed
equally between habitats

Alpha = 0.05



Use Mann-Whitney U-Test
1o test the null hypothesis

Step 1. Rank order all counts of lizards
from each of the two habitats

Step 2. Sum the ranks from the smaller
sample. This gives R,. [595.5]



Step 3. Calculate U; from the equa:

(14)(0s) = 23 (L)

U, = 202.5



Step 4. Calculate U, from the equation:
[U; = 364.5]

Step 9. Take the larger of U; & U, and call
that U. With small sample sizes,
you can compare U to values in a
statistical table. But, with large

sample sizes, the hypothesis must
be tested using a



One-tailed test,

P=0.05
| Two-tailed test,
| P=0.05 0.05 —|

0.025 0.025

~1,96 ' 0 164 196 " z-sc0rE



(ny)(nz)(N+1)
12




Z score
must be

>1.96

Appendix B

Statistical Tables and Graphs

TABLE B.2 Proportions of the Normal Curve (One-Tailed)

\

App17

This table gives the proportion of the normal curve that lies beyond (i.e.. is more extreme than) a
given normal deviate; e.g., Z = (X; — pu)/o or Z = (X — i) /o g. For example, the proportion of

a normal distribu
z 0

tion for which Z > 1.51 is 0.0655.
2 3

| 1 4 5 6 7 8 9 (4
| |
| |
0,0 | 0,5000 10,4960 0,4920 0,4880 0,4840 O0,4801 0,4761 0,4721 10,4681 O0,4641 | 0,0
0.1 | 0,4602 0,4562 0,4522 10,4483 O0,4L43 0,440L 0,4364 0,4325 0,4286 O0,4247 | 0,1
0,2 | 0,46207 0,4168 0,4129 0,4090 0.4052 0.4013 0,3974 0,3936 0,3897 0,3859 | 0,2
0,3 ] 0,3821 10,3783 0,3745 0,3707 0.3669 0,3632 0,3594 0.3557 0,3520 10,3483 | 0,3
0.4 | 0,3446 0,3409 10,3372 10,3336 0,3300 0,326k 0.3228 10,3192 10,3156 0,3121 | 0.4
| |
0,5 | 0,3085 10,3050 0,3015 0,2981 0,2946 0,2912 0.2877 10,2843 10,2810 0,2776 | 0,5
0.6 | 0,2743 10,2709 0,2676 0,2643 0,2611 10,2578 0,2546 0,2514 0,2483 0,2451 | 0.6
0.7 | 0,2420 10,2389 10,2358 10,2327 10,2297 0,2266 0.2236 0,2207 0,2177 0,2148 | 0,7
0.8 | 0,2119 10,2090 0,2061 10,2033 0,2005 0,1977 0,1949 0,1922 0,1894 0,1867 | 0.8
0.9 | 0,1841 0,1814 0,1788 10,1762 0,1736 10,1711 0.1685 10,1660 0,1635 0,1611 | 0,9
| I
1.0 | 0,1587 10,1562 0,1539 0,1515 0,1492 0,1469 0,1446 0.1423 0,1401 10,1379 | 1,0
1,1 ] 0,1357 0,1335 0,1314 0,1292 0.1271 10,1251 0.1230 o0,1210 0,1190 0,1170 | 1.1
1,2 | 0,1151 '0,1131 0,1112 10,1093 0.1075 0,1056 0,1038 10,1020 0,1003 0,0985 | 1,2
1,3 | 0,0968 0,0951 10,0934 0,0918 0,0901 0,088% 0,0869 0,085 0,0838 0,0823 | 1,3
1,4 | 0,0808 10,0793 0,0778 0,0764 0,0749 0.0735 0.0721 10,0708 0,0694 0,0681 | 1,4
I
1,5 | 0,0668 0,0655 0,0643 10,0630 0.0618 0,0606 0,0594 10,0582 1
1,6 | 0,0548 0,0537 10,0526 10,0516 10,0505 0,0485) 0,0485 0,0475 . | 1,6
1.7 | 0,0446 0,0436 0,0427 0,0418 0,0409 0,0401 0.039 0,0384 Ol 0,0367 | 1,7
1.8 | 0,0359 10,0351 10,0344 10,0336 0,0329 0,0322 0,0307 10,0301 0,0234% | 1,8
1,9 | 0,0287 10,0281 0,0274 10,0268 10,0262 0,0256 0.0244 10,0239 0,0233 | 1,9
| |
2,0 | 0,0228 10,0222 10,0217 0,0212 0,0207 0,0202 0,0197 0,0192 0,0188 10,0183 | 2,0
2,1 10,0179 0,0174 10,0170 0,0166 0,0162 0,0158 0,0154 0,0150 0,0146 0,0143 | 2,1
2,2 | 0,0139 0,0136 0,0132 0,0129 0,0125 0,0122 o0,0119 0,0116 0,0113 0,0110 | 2,2
2,3 10,0107 0,0104 10,0102 0,0099 0.0096 0.0094 0.0091 10,0089 0,0087 0,0084 | 2,3
2,4 | 0,0082 0,0080 10,0078 10,0075 0.0073 0,0071 0.0069 10,0068 10,0066 0,0064 | 2.4
| |
2,5 | 0,0062 10,0060 0,0059 0,0057 0,0055 0,005k 0,0052 10,0051 0,0049 O0,0048 | 2,5
2,6 | 0,0047 0,0045 0,0044 0,0043 0,0041 0,0040 10,0039 0,0038 0,0037 0,0036 | 2.6
2,7 | 0,0035 10,0034 10,0033 0,0032 0,0031 0,0030 0,0029 10,0028 10,0027 10,0026 | 2,7
2,8 | 0,0026 10,0025 0,0024 10,0023 10,0023 0,0022 0,0021 0,0021 0,0020 0,0019 | 2.8
2,9 | 0,0019 10,0018 0,0018 0,0017 0,0016 0.0016 0,0015 0,0015 10,0014 10,0014 | 2,9
| |
3.0 | 0,0013 10,0013 10,0013 0,0012 0,0012 0,0011 0.,0011 0,0011 10,0010 0,0010 | 3,0
3.1 | 0,0010 0,0009 0,0009 0,0009 0,0008 0,0008 0,0008 10,0008 0,0007 0,0007 | 3,1
3.2 | 0,0007 0,0007 10,0006 0,0006 0,0006 0,0006 0,0006 10,0005 0,0005 0,0005 | 3,2
3.3 1 0,0005 0,0005 0,0005 0,0004 0,0004 0,000k 0,0004 0,0004 0,0004 0,0003 | 3,3
3.4 | 0,0003 0,0003 0,0003 0,0003 0,0003 0,0003 10,0003 0,0003 0,0003 0,0002 | 3,4
| |
3.5 | 0,0002 10,0002 0,0002 0,0002 0,0002 0,0002 0,0002 0,0002 0,0002 0,0002 | 3,5
3.6 | 0,0002 0,0002 0,0001 0,0001 0,000l 0,0001 0,0001 0,0001 0,0001 0,0001 | 3,6
3.7 | 0,0001 0,0001 0,0001 0,000l 0,0001 0.0001 0.,0001 o0,0001 0,0001 0,0001 | 3,7
3.8 | 0,0001 0,0001 0,0001 0,0001 0,0001 0,0001 o0,0001 o0,0001 0,0001 0,0001 | 3.8

O

bserved
Z-score



One-tailed test,

P=0.05
| Two-tailed test,
| P=0.05 0.05 —|

0.025 0.025

~1,96 ' 0 164 196 " z-sc0rE



Whai dol we conclude
abouil’ the abundance
oft lizards| in the

two nabital types?

Howamighiayourbeiider design: this study?
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