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MCDS - Multiple Covariate Distance Sampling

MCDS - Multiple Covariate
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MCDS - Intro

Multiple Covariate Distance Sampling:

@ Similar to post-stratification where detection function can be
modified by covariates (e.g. rainfall, observer, habitat type,
etc.)

@ Influences the scale of Detection function, but NOT its shape.

@ Covariates affect rate at which detection function declines
with distance, but not shape.
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E.g. Half-normal detection function with larger scale (o).
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MCDS - Intro

Covariates vs. post-stratification
@ Post-stratification is very coarse; covariates are finer
adjustments but need more data

@ Need more contrast and more evenly distributed samples
across covariate values.

@ Post-stratification can have completely different detection
functions; covariates only influence scale of detection function.
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MCDS - Intro

Key assumption about covariates:
@ Covariates should be independent of distance

e E.g. of failure - record habitat but only certain habitats are
visible near the line (small shrubs) while other habitats are
visible at large distances (tall trees).

@ Avoid covariates that are correlated among themselves (e.g.
height and mass of object).

@ Covariates should act on scale parameter only.
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MCDS - Intro

Covariates added as more fields to data set and imported in the
usual way.

Covariates can be continuous (e.g. temperature) or categorical
(e.g. observer)
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MCDS - Example

Amakihi on island of Hawaiian chain.
°

collected as part of a larger study to assess a translocation
experiment on the island of Hawaii

Multi-species point- transect surveys at seven survey periods
between July 1992 and April 1995.

There were 41 point-count stations,

Counted Hawaii Amakihi (Hemignathus virens), a generalist
Hawaiian honeycreeper.

Survey periods = strata.

Covariates are Observer (OBS), minutes after sunrise (MAS),
or hours after sunrise (HAS)

Distances in meters.
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MCDS - Example - Amakihi

Import the data in the usual way.
New Project Setup Wizard - Step 3: Survey Methods

Type of survey
" Line iansect

If thiz screen, you tell Distance about
your survey methods, Click 'Help' to
find out more about each option

" Cue count

Observer configuration
= Single observer
~

Distance measurements

Mfrie whale line tarsect
surveys, Antartic Coean
Phrata: Peter Carern

& Radial distance

Sampling fraction Observations
This option has been moved to {* Single objects
the Multipliers page. " Clusters of obiects

Help LCancel < Back Hext >
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MCDS - Example - Amakihi

... giving .. ..

Diata layers [ Contents of Observation layer Observation and al fields fiom higher layers
=¥ Study area Study area Fiegion Paint transect Observation
=88 Region ID | Llabel | ID | Label | Aea | ID | Label Suvepefiort| ID | Radislditance | OBS | MAS | HAS
=% Paintuansect ID | Label | ID | Lsbel Decimal| ID | Label Decimal | ID Decimsl | Tew  Decimal | Ten
na| na | na| nia ha | na nia | [Nomel | nfa m n/a | [Nonel | néa
Int Int | It It | It e Int Int Int e e | e
1 40 TS 501
2 B0 TJS 501
3 45 TS 6001
11 f 4 100/ TS 6001
L] 126 TS 6001
E 120/ TJS 6001
7 140/ TJS 601
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MCDS - Example - Amakihi

Covariates affect the scale of the detection function, e.g. a factor
covariate (categorical) with two levels:

o

o
aiv)

a s 100 150 200 o S0 fo0 150 200 0 s 0 150 200
Distance: Distanca Distance

Fic. 2. Mlustration of the effect of a factor covariate with two levels (z =1, 2) on the key function
(half-normal) with or without adjustment. (A) Key function without adjustment, with a scale term
o incorporating covariates: o = exp[log(50) + z 1og(100/50)]. (B) Key function with one cosine adjust-
ment (g, = 0.1} in which distances are scaled by truncation distance (y, = y/w). In this case, shape
of overall detection function changes depending on covariate values. (C) Key function and one
adjustment term as in (B) but with distances in adjustment term scaled by covariate scale parameter
(¥, = y/o). In this case, shape of overall composite detection-function is constant at all covariate
values and only the scale varies.
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MCDS - Example - Amakihi

Model fitting advice:

Start small, i.e. incremental add covariates.
Start small, i.e. few factor levels (group in advance).

Start with no series adjustments; if this converges try adding
one level of adjustment

Small probability event (i.e. extreme distances) have great
effect on stability of estimates — truncate heavily, especially
observations with probability of detection < 0.1.

Truncate at fixed width or radius value.
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MCDS - Example - Amakihi

Fit a model with Observer (OBS) as a factor covariate.

Model D :hmtion Properties: | Uetault ModelUeninition)

Analpsis fngine: |M|:DS - Multiple covariates distance sampling -

| D stection function] Cluster size] Mulipliers | Wariance | Misc. |

Stratum definition

* Mo stratification

" Use layer type: [Freem =]
" Postatratty, using | =l K|

Sample definition [for encounter rate]

Uselpertbe:  [Sample v

Quantities to estimate and level of resolution

Lewel of resolution of estimates

Global Stratum Sample
Density O O
Encounter rate O O
Dietection function m} O
Cluster size (if required) O (]

]

[sramaes < T
fauits | Mpme:  [oBS [ ] coneat
Note specification of MCDS.

13/48



MCDS - Example - Amakihi

... Fit a model with Observer (OBS) as a factor covariate ...

Model Definition Properties: [Default Model Definition] @

Analysis Engine: [MEDS - Muliple covariates distance sampling

Estimate {D) !| Closter sice| Miptirs| Variance ] Mise.|

Models _Adustment terms | Cavariales | Constraints | Diagnostics |

Feey function Sefies expansion ﬂ

Cl

Cosine

Half-normal

Defauts | Name'  [0BS HN ok Cancel
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MCDS - Example - Amakihi

... Fit a model with Observer (OBS) as a factor covariate ...

Model Definition Properties: [Default Model Definition] @

Analysis Engine: [MEDS - Muliple covariates distance sampling ~|

Esinate. Detection function | Custer size| Muliplrs| Yariance | Mise.|

Mocehs | [ Rdiement tame] Covarites | Constaints | Diagnostios [

Selection of adjustment tems
" Automated selection

[Secuenta -] =
—

|—J
=
" Manual selection
Madel  Mum adj. Order of adjustment parameters [optional)
parameters
1 o

L g e g

Model  Num
parameters

1 0 I

Scaling of distances
Scale distances by: | W [fight truncation distance) ~|

Defauts | Name'  [0BS HN ok Cancel
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MCDS - Example - Amakihi

... Fit a model with Observer (OBS) as a factor covariate ...

Model Definition P, Default Model Definition]

Analysis Engine: [MEDS - Muliple covariates distance sampling ~|

Esinate. Detection function | Custer size| Muliplrs| Yariance | Mise.|

Madeks | Adjustmentterms |[ Covaristes Canstraints | Diagnastics |

Detection function covariates

Layeltypeiontammg Field name of covariate | Factor | Cluster size

covarnate
Observation 0BS i =

Cluster size

Toinclude cluster size as a covariate, add the cluster size field to the
table of covariates and tick the 'Chister size’ box in that row.

‘Wwihien cluster size is a covariate, density is estimated using a different
algarithm [see Help for details). Options are changed in the Estimate,
Cluster Size and Variance tabs.

Defauts | Name'  [0BS HN ok Cancel
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MCDS - Example - Amakihi

... Fit a model with Observer (OBS) as a factor covariate ...

7= Analysis 1: [New Analysis] Set: [Set 1] CEK
Analysiz
Mame:  [Datafal) 0BS HN Bun
Created 114172012 1:40:05 PM ~
Fiun:
Survey
|Set'| le]New Survey j Details ... ]
D ata filker

Properties ...
Hew ...

Model definition

Properties ...
HNew ..

Commants
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MCDS - Example - Amakihi

... wait while the model is fit ...

Uses conditional MLE followed by a Horvitz-Thompson adjustment
(which is slow).

Variance estimates are computed by bootstrapping (which is slow)
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MCDS - Example - Amakihi

Results:

Model
Half-normal key, kiy) = Exp(-y**2/(2*s**2))

= = A(l} * Expifecn(A(2)) + feni{ai3d)))

Parameter A(l} is the intercept of the scale parameter =.

Parameter A(Z) i= the coefficient of level SGF of factor cowvariate OES.

Parameter A(3) i= the coefficient of level TJS of factor cowvariate OES.
A( 1) bounds = (| Z.3000 , 0.10000E+07 )

Factor covariates operate on scale and are offsets from base level
(observer TKP)
Looks like strong observer effect:

FPoint Standard Percent Coef. 95 Percent

Parzmeter Estimate Error of Variation Confidence Interwval

Al 1) 36.79 0.4172

Al Z) -0.6990E-01 0.4936E-01

AL 3 0.1761 0.4233E-01

hi0} 0.53812Z8E-03 0.150Zc6E-04 Z.58 0.535255E-03 0.&1151E-03

r 0.55051E-01 0.14231E-02 Z.58 0.523Z9E-01 0.537914E-01

EDR 58.657 0.75814 1.29 57.189 60.163
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MCDS - Example - Amakihi

Results:

Fitted cumulative distribiticn function
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Hmmm ... good evidence of lack of fit. KS/CM GOF tests fail.
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MCDS - Example - Amakihi

Results:

18

14

12 —

T

Detection Probabilty

0 50 100 150 200 250
Radial distance in meters

Hmmm ... good evidence of lack of fit. x> GOF fail.
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MCDS - Example - Amakihi

Results - look at individual observers

Factor cornbination 1: OBS=5GF

a
'

I

08 \

06

Detertion Prabatility

04

02 +

oo T 1 t t
a a0 100 150 200

Radial distance in meters
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MCDS - Example - Amakihi

Results - look at individual observers

Factor combination 2: OB5=TJ5

F

Detertion Prabatility
o o
= =)
, L

o
=
'

=
X3
'

T
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o
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o

o

gt

Radial distance in meters
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MCDS - Example - Amakihi

Results - look at individual observers

Factor combination 3: OBS=TKP
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MCDS - Example - Amakihi

Results - look at final estimates

Point Standard Percent Coef. 05% Percent
Parameter Estimate Error of Variation Confidence Interwval
hi0y 0.38128E-03 0.15026E-04 2.38 0.35255E-03 0.61131E-03
p 0.35051E-01 0.14231E-02 2.38 0.52329E-01 0.57914E-01
EDE 58.657 0.75814 1.29 57.189 60.163
n/K 5.5618 0.19427E-01 0.35 5.5237 5. 8002
T 5.1454 0.13422 2.61 4.8888 5.4155

Messurement Units

Density: Numbers/hectares
EDR: meters

Component Percentages of Var (D

Detection probability : 98,2
Encounter rate : 1.8
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MCDS - Example - Amakihi

Add MAS as a continuous covariate along with OBS and refit.

Model Definition Properties: [OBS+TIME -HN ]

Analysis Engine: |MI:DS - Multiple covariates distance sampling j

Estimate Detection function wgluster size] Multipliers] Eariance] Misc.]

Models| Adjustment terms| Covariates D:unstraints| Diagnu:ustics|

Detection function covariates

Layer twpe containing
Covariabe

Obszervation OBS O
Obszervation MAS [ [

Field name of covanate | Factor | Cluster size

Cluster size

Toinclude cluster zize as a covanate, add the cluster size field to the
table of covariates and tick the 'Cluster size' box in that row.

When cluster size is a covariate, density is estimated uzing a different
algarithm [zee Help for detailz]. Options are changed in the Eztimate, 26 /48




MCDS - Example - Amakihi

Data(all) OBS + MAS HN/cos(0) form of detection function:

Model
Half-normal key, kiy) = Expl-v**3/(Z*=**Z1

s = A(l) * Explfen(a(Z)) + fen(a(3)) + fenla(d)))

Parsmeter A(l} is the intercept of the scale parameter s.

Parameter A(Z) iz the coefficient of level SGF of factor covariate 0BS.
Parameter A[3) iz the coefficient of level TJS of factor covariate 0BS.
Paraweter A(4) iz the coefficient of covariate MAS.

27 /48



Data(all) OBS + MAS HN/cos(0) - evidence of an effect of time

- Example - Amakihi

Point Standard
Parameter Estimate Error Confidence Interval

Al 1) 48.37 0.6143

Al Z) -0.1412 0.5086E-01
Al 3 0.1254 0.4431E-01
Al 4 -0.1899E-02 0.1477E-03
hi0} 0.62202E-03 0.16661E-04
P 0.51445E-01 0.13780E-02
EDR 56.704 0.759432




MCDS - Example - Amakihi

Data(all) OBS + MAS HN/cos(0)- fit has improved but not that
great and only minor effect of time

Detection Fct/Global/FC1/Plot: Examp Det Funcs/0BS=SGF:MAS=71..0.14E+03,0.20E+03 =] <Back [[[Hety
Factor combination 1: OBS=SGF
MAG=71.0.14E+03,0 20E+03
1
08
Eo0s
]
& -1
5 0148403
804 020E+03
&
02
o
0 50 100 150 200 250
Radial distance in meters
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MCDS - Example - Amakihi

Try and add cosine series adjustment term to detection function:
Data(all) OBS + MAS HN/cos(1)

Model Definition Properties: [OBS+MAS -HNICos(1)]

Analysis Engine: |MEDS - Multiple covariates distance zampling j

Estimate Detection function ]Eluster size] Multipliers] Eariance] Misc.]

Models || Adjustment terms D:u\-'ariates| Eonstraints| Diagnu:ustiu:$|

Selection of adjustment terms
" Automated selection

=

e

.

=

<k

+  tanual zelection

Model | MNum ad). Order of adjustment parameters [optional]
parareters

1 1

[ Marwally select stating values 30/48



MCDS - Example - Amakihi

Data(all) OBS + MAS HN/cos(1) - Results .. ...
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MCDS - Example - Amakihi

Original paper results . ..

Adjustment Number of
Key terms Cowvariates parameters AAIC
CDS f0) pooled
HN Cos - 5 21.40
Uni Cos - 2 2511
HR SP (0) - 2 2990
CDS5 fi0) by strata (survey period)
Uni Cos - 12 1350
HR SP(0) - 14 18.59
HN Cos - 15 287
MCDS
HR 5P (0) OBS TIME 5 0.00
HR SP (0) 0OBS 4 173
HN Cos OBS HOUR 10 361
HN Cos OBS TIME 6 553
HR SP (0) OBS HOUR 9 562
HN Cos 0OBS 6 7.12
HN Cos TIME 4 2456
HN Cos HOUR 8 2457
HR SP (0) TIME 3 29.18
HR SP (0) HOUR 7 3162

Fit the top MCDS model... (truncation at 82.5 m), TIME=MAS
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MCDS - Example - Amakihi

Data(< 82.5) OBS + MAS HR/SP(0)
X
=l

Model Definition Proper [0BS -MAS HR /SP(0)]

Analysis Engine: — [MEDS - Muliple covariates distance sampling
Estimate Detection lunchunwgluster s|ze] Mu\tlpllersl yanance] Mige. ]

Adjustment lelms| Euvamales| Conslra\ntsl Dlagnostlcs‘

etection function models

Model| ey hunelion Seties expansion |+
1| Hazadhale Simple polynomial |

Defauts | MName:  [DBS MaS HR /5P(0) ok Cancel
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MCDS - Example - Amakihi

Data(< 82.5) OBS + MAS HR/SP(0)

Analysis Engine:

[MCDS - Multiple covariates distance sampling ~|
Estimate Detection lunchnnwgluster SIZe] Mu\tlphers} yanance] Misc. ]

Models |

Selection of adjustment terms
" Automated selection

[Sesuentia <] =
ac ] s

=
& Manual selection
Model | MNum adi Order of adiustment parameters [optional)
parameters
1 0
Model Hurn
parameters

L o I—

Scaling of distances
Scale distances by: | [right truncation distance) ~|

Defauts | MName:  [DBS MaS HR /5P(0) ok Cancel
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MCDS - Example - Amakihi

Data(< 82.5) OBS + MAS HR/SP(0)

[OBS -MAS HR /SP(0/

Analysis Engine:

[MCDS - Multiple covariates distance sampling ~|
Estimate Detection lunchnnwgluster SIZe] Mu\tlphers} yanance] Misc. ]

Models | Adjustment terms: | 1 Ifavanates_

Detection function covariates

Canstraints | Diaghostics ‘

aper (ype conlanng
EaETEin Field name of covariate Factar | Cluster size

Observation OBS

O
Observation Mas [}

0

Cluster size
Toinclude cluster size as a covariate, add the cluster size field ta the
table of covariates and tick the 'Chuster size’ box in that row.
‘hen cluster size is a covariate, density is estimated using a diffsrent

algarithm [see Help for details). Options are changed in the Estimate.
Cluster Size and Yariance tabs.

Defauts | MName:  [DBS MaS HR /5P(0) ok Cancel

35/48



MCDS - Example - Amakihi

Data(< 82.5) OBS + MAS HR/

Data Filter

: [Data(<B2.

Data se\eclmn} Intervals  Truncation ]gnits]

Truncation of exact distance measurements

=T "

" Right truncate at largest observed distance

" Discard the largest percent of distances
i+ Discard all observations beyord |22 5

T

{+ Mo left truncation

(™ Discard all observations within

Truncation for cluster size estimation where required]
Right truncation

o Same as that specified above

i~ Discard all observations beyond

SP(0)

Defaults Name:  [Datal<82.5)

E Cancel
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MCDS - Example - Amakihi

Data(< 82.5) OBS + MAS HR/SP(0): Results ...

Fitted cumulative distribution function

1

=
@

=)
=

=
N

04

05 08
Empirical distribution function
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MCDS - Example - Amakihi

Data(< 82.5) OBS + MAS HR/SP(0): Results ...

Fitted cumulative distribution function

1

=
@

=)
=

=
N

04

05 08
Empirical distribution function
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Amakihi

MCDS - Example -

Data(< 82.5) OBS + MAS HR/SP(0): Results ...

- Detection

ility

][B!

Detection Probability

"

/

30

a0
Radial distance in meters

an
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MCDS - Example - Amakihi

Data(< 82.5) OBS + MAS HR/SP(0): Results ...
T

|Deleclinn Fct/Global/Plot: Pdf
0.025
0.020
/ —__—-\ ]
\\
Pl / — — i —
: ;ﬁ - ™~
& e
= I
] T
2 oo — [~
]
[
0.005
0.000
0 10 bl 30 40 a0 60 ] a0
Radial distance inmeters

40 /48



MCDS - Example - Amakihi

Data(< 82.5) OBS + MAS HR/SP(0): Results .

1/Plot:

Det

- Pooled over MAS

] <Back] |

[]
Detection Protabilty

Factor cambination 1: 0BS=SGF
Pooled over MAS

[ /

30

a0 50 60 7 a0
Radial distance in meters
n
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MCDS - Example - Amakihi

Data(< 82.5) OBS + MAS HR/SP(0): Results .

1/Plot:

- Pooled over MAS

][B!

Probability Densfy

0035

0030

0025

o0z0

oms

oo

omoos

0000

Factor cambination 1: 0BS=SGF
Pooled over MAS

30 40 a0 60 ] a0
Radial distance inmeters
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MCDS - Example - Amakihi

Data(< 82.5) OBS + MAS HR/SP(0): Results ...

[Detection Fet/Global/FC1/Plot: Examp Det Funcs/0BS=SGF-MAS=71._0.14E +03.0.20E +03 > <Back [[T]
Factor combination 1: 0BS=5GF
MAG=T1.,0.14E+03,0.20E+03
1
08
£ 08
H
2
o -7
g 0198
204 0206
&
a
02
0
a 10 20 30 40 50 0 0 a0 90
Radial distance inmeters

Compare the different observers detection profile.
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MCDS - Example - Amakihi

Data(< 82.5) OBS + MAS HR/SP(0): Final Results ...

Point Standard Percent Coetf. 05% Percent
Parameter Estimate Error of Variation Confidence Interval
hid} 0.96419E-03 0.Z5533E-04 2.63 0.91538E-03 0.10158E-02
p 0.3047¢6 0.80706E-02 2.63 0.28934 0.32101
EDR 45.544 0.80304 1.32 44,376 45.743
n/K 4.8554 0.18534E-01 0.40 4.6191 4,8921
T 7.1440 0.19131 2.68 6.7784 7.5293
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MCDS - Example - Amakihi

Multiple models — notice the difference in estimated Densities by

model.

@ 0 4% I Hame W params | Betatlc AC | Esw/EDA| D DLcL| pucl| oov

@ 3 1 1 3 Dalalall DBS +M&S5 HN/cos(1) NA7 5 000 1403148 545 E953 5649 EB273 0027

@ 2 1 1 2 Datalal] 0BS +MAS HN 1A 4 2763 1408911 se7) BBOE 5222 BOR 0027

@ 1 1 1 1 Datalall DBS HN NA7: 3 12713 1415861 saef 5145 4889 5415 0026

@ 4 1 1 4 Datalal) 0BS +M&S HR/SP() 1417, 5 23498 1428646 67.0) 3944 3753 4145 0025
08 5 000 1077772 ass) 7144 B 7529 0027

Don't compare model AlICs with different data filters.
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MCDS - Example - Amakihi

WHEW!

This was a large dataset where very small effects can be detected.
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MCDS - Exercise

Go back to Example-Line (first example) and use ClusterSize as a
covariate.
Compare to the previous results.

@ When cluster size is a covariate, a different fitting procedure is
used and you must obtain variance estimates using the
bootstrap. Be sure to check the correct boxes.

@ Not much evidence of an effect of cluster size on detection
(where does it show this?)

@ Look at detection function by cluster size — is this sensible?

@ Small glitch in reported SE for D but it is in the output. Look
carefully for it.
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MCDS - Summary

Summary
@ Covariates are an alternative to pre- and post-stratification.
@ Covariates should be independent of distance.
e Covariate can be factor (categorical) or continuous.
o

Covariates work on Detection function only and typically
modify the scale parameters.

Start simple and work to more complex models, esp. with
series adjustments for key functions.
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