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* Prediction models
» Understanding ecology with models

* Case study: North Atlantic right whales

Ideal Prediction Model

* Provides estimates of occurrence, abundance or
community composition

* Predicts spatial distribution over multiple spatial
scales
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Ideal Prediction Model

* Provides estimates of occurrence, abundance or
community composition

Ideal Prediction Model

» Provides estimates of occurrence, abundance or
community composition

* Predicts spatial distribution over multiple spatial
scales

* Predicts temporal distribution




Ideal Prediction Model

Provides estimates of occurrence, abundance or
community composition

Predicts spatial distribution over multiple spatial
scales

Predicts temporal distribution

Has known (and hopefully high) accuracy

Ideal Prediction Model

To achieve high accuracy and robust results...

* Models must be based on a fundamental
understanding of ecology

* Our understanding of these issues fi

— Where do they go?
— Why do they go there?
— What are they doing when they’re there?

[ many

marine mammals is quite poor

* Prediction? We’re not there yet!

Using Models to Understand Ecology

Environmental Variables
Depth

Sea surface temperature

Su

Surface chlorophyll l

Sighting Data

e salinity Abundance

etc.

Black
Box

The “BEST" Model <

Abundance = 0.350 + (0.0123 x Depth) + (0.000456 x Depth?) +
(0.589 x Salinity) + (0.0458 x Salinity?) +
(0.000450 x Chlorophyll) +

(0.00221 x Depth x Salinity?) +

(0.00845 x Temperature x Chlorophyll)

Ideal Prediction Model

Provides estimates of occurrence, abundance or
community composition

Predicts spatial distribution over multiple spatial
scales

Predicts temporal distribution
Has known (and hopefully high) accuracy

Robust over time and environmental change
(can explain anomalous years)

Using Models to Understand Ecology

Basic questions of habitat research:

Is there an association between the spatial
distribution of Marine Mammal Y and
Environmental Variable X?

If so, why?

Using Models to Understand Ecology

Ern

ibiles Detectability Variables

Dep Sea state

Sea surface temperature

Surface salinity
Surface chloro,

Sighting Data
Abundance

etc.

Testing Hypothesis

Abundance = 0.350 + (—0.490 x Sea State) + (0.0123 x Depth)

SE = 0.00298, z-statistic = 3.67, p = 0.0002




Using Models to Understand Ecology Using Models to Understand Ecology

Develop hypotheses! . .
P YT Choose environmental variables

* Go to the literature
— Regional biological and physical
oceanography
— Factors affecting prey abundance and * Found to be important in other studies
distribution
— What motivates marine mammal distribution?

» Represent (or proxy) relevant oceanographic
processes or features

* To test specific hypotheses

. . * To snoop or explore

 Talk with oceanographers, scientists who study p p
prey, marine mammalogists

¢ Conduct studies

Using Models to Understand Ecology i Using Models to Understand Ecology

Account for confounding factors Year 1 Year 2

« Detectability @ e

* Variation that is spatially “independent” Cold
— Regional
— Seasonal
— Annual

Using Models to Understand Ecology

Year 1 Year 2

@ @ Warm
a a

Cold

/arm anor
Cold anom:

Temperature
* Subtract seasonal mean from temperatures
» Account for seasonal variability in abundance




Using Models to Understand Ecology N Using Models to Understand Ecology

Use model to test hypotheses about individual
environmental variables
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) Abundance = 0.350 + (—0.490 x Sea State) + (0.0123 x Year) +

Temperature Anomaly (—0.208 x Annual Temperature Anomaly)

SE = 0.0994, z-statistic = 3.67, p = 0.0002

/arm anom: y
Cold anoma . . . ..
Conclusion: There is a negative association

between abundance and water temperature after

accounting for the effects of sea state and year

Case Study: North Atlantic Right Whales N Right Whale Habitat: Study Area

New
Brunswick

Maine eo®
oV
y o
New
England

Baumgartner, M.E., T.V.N. Cole, P.J. Clapham and B.R. Mate.
2003. North Atlantic right whale habitat in the lower Bay of Fundy
and on the southwestern Scotian Shelf during 1999-2001. Marine
Ecology Progre

Right Whale Habitat: Environmental Variables @:}

Variable urce
Physi I Depth Echo sounder
/siography . .
. 1ysiography Depth gradient Digital
ew . .
. bathymetery
Brunswick o e .
L . Stratification 5 P .
catic Surface tion (density)
Atlantic . NI Surface stra tion (temperature)
Ocean e Bottom mixed BML temperature
: layer (BML) L
Y ( . ) BML salinity
N . >4 7 BML density
England BML depth
mum Calanus abundance
s abundance
erage water column Calanus abundance
“alanus abundance above BML




Right Whale Habitat: Distribution

Lower Bay of Fundy

Right Whale Habitat: Distribution

Lower Bay of Fundy

e o

July 2000

Right Whale Habitat: Logistic Regression

/ ighting Conditions (detectability)

By + B,(SSTATE) + B,(BOF) + B,(Y2000) + B,(Y2001)
+ Bs(BOF x Y2000) + B,(BOF x Y2001)

+ B;(Anomaly of Environmental Variable)

:Probability of sighting one or more r / in a survey unit
:Sea state (Beaufort scale)
:Bay of Fundy (BOF=1) and Rose in (BOF=0) indicator

Right Whale Habitat: Distribution

Lower Bay of Fundy

e 8
1999 July 2000 August 2000

Roseway Basin

Right Whale Habitat: Logistic Regression

By + BL(SSTATE) + B,(BOF) + B,(Y2000) + B,(Y2001)
+ B5(BOF x Y2000) + B(BOF x Y2001)

+ B,(Anomaly of Environmental Variable)

ting one or more right whales in a survey unit
scale)
asin (BOF=0) indicator

Right Whale Habitat: Logistic Regression

/ ighting Conditions (detectability)

By + B, (SSTATE) +

+ B;(Anomaly of Environmental Variable)

ting one or more right wi in a survey unit
ale)
sin (BOF=0) indicator




‘Whale Habitat: Logistic Regression Right Whale Habitat: Results

Standardized

/ Yariable Coe
Depth gradient -0.1
By + B(SSTATE) + Surface stratification (density) -0.15
Surface stratification (temperature) -0.02
BML temperature -0.37

ting Conditions (detectability)

7u:Probability of sighting one or more right wt
tate (Beaufort e)
BOF:Bay of Fundy (BOF=1) and Ro: / Basin (BOF=0) indicator
radient
0 indicator variable rface chlorophyll
ar 2001 indicator variable Surface chlorophyll gradient

Right Whale Habitat: Results (o Right Whale Habitat: Logistic Regression

Standardized
Yariable A with Depth
Depth gradient
-0.072 By + B(SSTATE) + ,(BOF) + $;(Y2000) + ,(Y2001)
ace stratification (temperature) Y 0.93 0.060
BML temperature L + B5(BOF x Y2000) + B4(BOF x Y2001)

+ B;(Depth) +

7t:Probability of sighting one or more right whales in a survey unit
SSTATE: state (Beaufort scale)

i BOF:Bay of Fundy (BOF=1) and Roseway Basin (BOF=0) indicator

T gradient variable

-0.138 Y2000:Y 2000 indicator variable

-0.113 Y2001:Year 2001 indicator variable

Whale Habitat: Results Right Whale Habitat: Results

Standardized
riable C ent pvalue
Depth o5 > . .
Byt it 03 0 Probability of encountering a right whale
atification (density) L . .
iiepiton () 0 S —  increases with water depth
BML temperature
BM inity
BML density

Depth of maximum abundance
Maximum abundance
Average water column abundance
Abundance above BML

ST

ST gradient
Surface chlorophyll

irface chlorophyll gradient




Right Whale Habitat: Results

Probability of encountering a right whale
—  increases with water depth
and
— increases with the thickness of the bottom

mixed layer

‘Whale Habitat: Conclusions

Probability of encountering a right whale
—  increases with water depth

Lynch, D.R., J.T.C. Ip, C.E i i 3 ensive ¢ I circulation
model with application to the Gulf

Right Whale Habitat: Conclusions

» Calanus finmarchicus aggregate in discrete
layers just above the bottom mixed layer
 Right whales forage on these discrete layers

Right Whale Habitat: Conclusions

Probability of encountering a right whale
—  increases with water depth

Lynch, D.R., J.T.C. Ip, C.E. Nai .E. er. 1996. Comprehensive
model with application to the Gulf of Maine. Continental Shelf Re h 16:875-906.

Right Whale Habitat: Conclusions

Probability of encountering a right whale
== increases with the thickness of the
bottom mixed layer

Right Whale Habitat: Conclusions

Probability of encountering a right whale
== increases with the thickness of the
bottom mixed layer




Right Whale Habitat: Conclusions

Probability of encountering a right whale
== increases with the thickness of the
bottom mixed layer

Duration at Depth
—_—

Calanus

Bottom Mixed Layer
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Daytime

Recommendations

Develop hypotheses
Informed choice of environmental variables

Test for and include detectability variables

Account for other “non-spatial” factors
(temporal variability, regional variability)

Use models to unambiguously test for
associations

Time after Deployment (minutes)




Whale Foraging Ecology: Study Area

Time after Deployment (minutes)

! . =) - C, QIONS
foriging gdologys Conclugions

* Calanus finmarchicus aggregate just above the
bottom mixed layer

40 a

Time after Deployment (minutes)

Right Whale Foraging Ecology: Study Area

 Calanus finmarchicus a ‘ o g
bottom mixed layer finmarchicus

New

* Right whales dive to and presumably feed at the om T
: ~ . > W
depth of maximum C. finmarchicus abundance
- Atantic ~ [\Maine oy
Ocean |:I “O‘ms"‘o

New
England




Logistic Regression Primer:

Logistic Regression Primer:

Y: continuous variable

u[Y] = s:probability of Y = 1

Logistic Regression Model

7t:Probability of

Bo + By X

By + B, (Environmental Variable)

ting one or more r

in a survey unit

Logistic Regression Primer:

Logistic Regression Primer:

Interpretation is
analogous

Logistic Regression Model

By + B, (Environmental Variable)

ghting conditions (detectability)

7u:Probability of sighting one or more right wt in a survey unit




Logistic Regression Model

By + B, (Environmental Variable)
shting conditions (detectability)

ional/interannual variability in sighting probability

7u:Probability of sighting one or more right whales in a survey unit

Logistic Regression Model

By + B,(SSTATE) + B,(BOF) + ,(Y2000) + $,,(Y2001)

Bs(BOF x Y2000) + B(BOF x Y2001)

Anomaly of Environmental Variable)

Probability of sighting one or more s in a survey unit
SSTATE:Sea state (Beaufort scale)
BOF:Bay of Fundy (BOF=1) and I sin (BOF=0) indicator
variable
Y2000:Year 2000 indicator variable
Y2001:Year 2001 indicator variable

By + B(SSTATE) + B,(BOF) + B5(Y2000) + f,(Y2001)
+ Bs(BOF x Y2000) + B,(BOF x Y2001)
+ B(Depth) + Bg(BML Depth)

| s |
N
E——
I
—

I

0.00422

0.808

2.03
1.89

Logistic Regression Model

By + B, (Environmental Var

ghting conditions (detectability)
* Regional/interannual variability in sighting probability
* Regional/interannual variability in environmental variables

7t:Probability of sighting one or more right whales in a survey unit

Investigating Right Whale Habitat




