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Model surfaces

Predictors:
Measured environmental data : Precipitation, Water temperature, Luminosity, Barometric

pressure, Water level)

+ additionally generated variables (sums & differences)
>>> capture their dynamics

GLM = Generalized Linear Model
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Model surfaces

Model surface 0
NEW moon

Surface elevation/Model response
amount of predicted eels

Variable 3
(fraction of moon disk illuminated)
->set to constantOor 1

Model surface 1
FULL moon
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Model surfaces

Model Coefficients Estimate Std. Error tvalue Pr(>|t])

(Intercept) 1 on1en nnannre T nng 3.68e-08 ***
moon I‘ 'I I,n ) 0.389003
wtemp.difé Odel sum ary J 3.09e-07 ***
I(wtemp.dif6”2) -0.04557 0.01298 -3.512 0.000686 ***
Prec.sum7 0.02252 0.01494 1.508 0.134921

Model Performance

Spearmanr 0.57
1 = absolutely outstanding (not achievable)
0 = bad

Explained Deviance  0.37
~ example: explains 37 % of deviance/‘variance
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Model surfaces

The goal
Find the best models that explain
migration activity based on
environmental factors!
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Kavlingean

Model World . . .
. . ) Data analysis, Data implementation
Data adjustment, | Fisheries . :
. i Co preparation of & Model adjustment,
processing preparation ngress field w ork Report

of field work 2012

Kavlingean 176 eels :

Ronne a Data recording
Morrumsan Data recording Data recording
Skarhultaan Data recording
Atran Data recording (E.ON

Poster at .
Data Reportto | o wproLogy | Data analysis, 3 Report,
) KTA ) preparation of Report to KTA N
processing B el 2008 ) T Publication
(O. Calles) RADIO feature ieidwor

Kavlingean 476 eels
ROnne a Data recording
Morrumsan Data recording Data recording
Skarhultaan Data recording Data recording
Atran Data recording (E.ON)

realized

daily data unlikely
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Kavlingean, Spring 2012 & 2013

Model Coefficients Estimate Std. Error tvalue Pr(>|t])

(Intercept) 1.22102 0.20355 5.999 3.68e-08 ***
moon 0.20898 0.24148 0.865 0.389003
wtemp.dif6 0.46736 0.08479 5.512 3.09e-07 ***
[(wtemp.dif6"2) -0.04557 0.01298 -3.512 0.000686 ***
prec.sum?7 0.02252 0.01494 1.508 0.134921

Model Performance
(internally cross-validated)

Spearman r 0.51
Explained Deviance 0.39

Us, O\““\) © Alternative Model, containing ONLY wtemp.dif6:

o Sg ELEJ\[VLmoon Spearman r 0.55

S S 93.7 MOON explained deviance 0.35
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& 5.3 1.0

S ol = : 99 Days

£ Moon Temparature sreciiaton 648 Eels

2 change [°C/6 days] [mm/7 days]



Kavlingean, Spring 2012

S

S o
X S
-~
[7)] —
7]
£ R - 66.2
[} -
1=

o
[«}) ] .
2 < 31.5
c -
[+
o © -
© Moon Water
£ Temperature
2 change [°C/6 days]

s NEW moon

Project 10838, Stein, Hiibner, Calles, Schroder 08/2013

Model Coefficients Estimate Std. Error tvalue Pr(>|t])
(Intercept) 1.47139 0.17701 8.313 8.43e-10 ***
moon -0.89667 0.25954 -3.455 0.00146 **
I(wtemp.dif6 42) -0.03308  0.01073 -3.082 0.00400 **
wtemp.dif6 0.37475 0.07118 5.265 7.19e-06 ***
prec.sums3 0.04931 0.01732 2.846 0.00734 **

Model Performance
(internally crossvalidated)

0.79
0.74

Spearman r
Explained Deviance

Alternative Model, containing ONLY wtemp.dif6:
Spearman r 0.62

B8 FULL moon Explained deviance  0.61

2.3

[ ]
Cumulative
precipitation
[mm/3 days]

40 Days
175 Eels



Kavlingean, Spring 2013

% Independent effects (%l)
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Model Coefficients Estimate Std. Error tvalue Pr(>[t])
(Intercept) 556814  1.97442 -2.820 0.006700 **
moon 1.19815 0.30076 3.984 0.000205 ***
wtemp -0.04228 0.01115 -3.791 0.000380 ***
30 I(wtemp”2) -0.51356 0.37435 -1.372 0.175775
prec.sum3 -0.01046 0.03554 -0.294 0.769689
20
Model Performance
10 (internally crossvalidated)
Spearman r 0.60
Explained Deviance 0.45
C. W@ ¥ & . . .
%k/%”@ 47 00 0«\&3\\\«@\% Alternative Model, containing ONLY wtemp:
© Sﬁ ELEJ\[VLmoon Spearman r 0.43
S _ moon Explained deviance 0.40
< ] 89.2
=
=]
o |
<
7 5.9 4.
S 2 59 Day's
M w C lati
oon Temp?atreaiure prgg;;igttli\gi 473 Eels
[°C/day] [mm/3 days]
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Kavlingean, Fall 2012

Model Coefficients Estimate Std. Error tvalue Pr(>]t])

(Intercept) 2.79569 0.24708 11.315 2.85e-15 ***
moon -1.95712 0.37804 -5.177 4.20e-06 ***
wtemp.difé -0.16148 0.14777 -1.093 0.27983
I(wtemp.dif6”2) -0.23266 0.09336 -2.492 0.01614 *
prec.sumé4 0.03637 0.01302 2.793 0.00742 **

Model Performance
(internally crossvalidated)

Spearman r 0.59
Explained Deviance 0.51

Alternative Model, containing ONLY moon:
Spearmanr 0.51

g 288 FULL moon Explained deviance 0.35
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S o [ | 54 Days
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E oon Temp?er%rture prgg?gitaatli\:)% 368 Eels

2 change [°C/6 days] [mm/4 days]
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Kavlingean, 2012 & 2013

Model Coefficients Estimate Std. Error tvalue Pr(>]t])

(Intercept) -0.962667 0.400036  -2.406 0.0161*
moon -1.481471 0.097385  -15.212  <2e-16***
wtemp -0.448276 0.060696  7.386 1.52e-13 ***
l(wtemp”2) -0.014212 0.002244 -6.333 2.41e-10 ***
prec.sumé4 0.037101 0.004682  7.924 2.31e-15 ***

Model Performance
(internally crossvalidated)

Spearman r 0.51
Explained Deviance 0.28

4700 RCOPP Alternative Model, containing ONLY moon:
/OO/ T o 3¢ NEW moon Spearmanr 0.34

= #88 FULL moon Explained deviance  0.13

g - 615

% 8-

s 26.4
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g o - | | 153 Days
T Moon Water Cumulative

£ Temperature precipitation 1016 Eels
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Model surfaces

Some good models ...

But what about
temporal transferability?
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Kavlingean, Summary model validation

Validation Data

Spring  Fall Spring All Spring
2012 2012 2013 12/13 12/13
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Model performance (Spearman r) for internal cross-
validation and external temporal validation
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Kavlingean, Summary model validation

Validation Data

Spring  Fall Spring All Spring
2012 2012 2013 12/13 12/13
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Model performance (Spearman r) for internal cross-
validation and external temporal validation
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Kavlingean, Summary model validation

| | | |

10 15 20 25 30

obs and preds

5
I

Index 0.30

0.59 0.69 | 0.52 0.51 0.49

0.70 0.11 [ 0.51 0.37 0.51

Model performance (Spearman r) for internal cross-
validation and external temporal validation
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Kavlingean, Summary model validation

Validation Data

Spring  Fall Spring All Spring
2012 2012 2013 12/13 12/13
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Model performance (Spearman r) for internal cross-
validation and external temporal validation
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daily data unlikely
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Rénne A

Precipitation (Vomb) [mm/d]
—Ronne A, total discharge (ID 237)[m?¥/s]
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Rénne A

Model Coefficients Estimate Std. Error tvalue Pr(>]t])

(Intercept) 44.37198 15.22124 2.915 0.00356 **
moon -0.74958 0.85825 -0.873 0.38246
wtemp -5.38442 1.97134 -2.731 0.00631 **
I(wtemp”2) 0.16514  0.06411 2.576 0.01000 **
prec.sum4 -0.08774 0.03564 -2.462 0.01382 *

Model Performance
(internally crossvalidated)

Spearman r 0.61
Explained Deviance 0.43

Alternative Model, containing ONLY wtemp:

Sﬁ ELEJ\[VLmoon Spearman r 0.48
- MOON explained deviance  0.25
g o 80.3
£ ©
[} _
§ o
S . 7.2 12.5
S ol =/ [ ' 31 Days
2 Moon Temparature srecipitaion 40 Eels
3 change [°C/day] [mm/4 days]
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Ronne A
Model Coefficients Estimate Std. Error tvalue Pr(>[t
(Intercept) 44.37198 15.22124 2.915 0.9 g*
moon -0.74958  0.85825 -0.873 938246
wtemp -5.38442 197134 -2 0.00631 **
30 l(wtemp”2) 0.16514  0.06411 6 0.01000 **
prec.sum4 -0.08774 0.03564 -2.462 0.01382 *
Model Perfg#hance
(internal ossvalidated)
b, arman r 0.61
R xplained Deviance  0.43
)
0
C. % $ . . . .
/%J/e,% 120703 g Alt ve Model, containing ONLY wtemp:
FULLmoon Spearm3 0.48
= moon .
S 8- Explained déVance 0.25
2 -
£ 87
o _
§e
g - 2 12.5
o | |
- Moon Water Cumulative
Temperature precipitation

change [°C/day] [mm/4 days]

(1)



Morrumsan / Grano, August 2013
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Grano, telemetry 2012 & 2013

T A
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Predicted eels
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= Model Coefficients Estimate Std. Error tvalue Pr(>|t])
(Intercept) -0.214881 0.336205  -0.639 0.522735
8 moon -0.474663 0.117551  -4.038 5.39e-05 ***
wtemp 0.187285 0.055033  3.403 0.000666 ***
7 I(wtemp”2) -0.003643 0.002180  -1.671 0.094792 .

= o

X S

N o

..3 . 86.0
e o |

q“= [+ ]

Q —

k=

5 Q-

T T | 140

a I I

o © -

© Moon Water
= Temperature
52 [°C/day]

. Model Performance
(internally crossvalidated)

0.14
0.14

Spearman r
Explained Deviance

T
8]

1 Alternative Model, containing ONLY wtemp:

Ll Spearmanr 0.14
Explained deviance 0.12
161 Days

593 activity signals

Stein FM, Doering-Arjes P, Fladung E, Bramick U, Bendal B, Schroéder B (2013):
Downstream migration of European eels (Anguilla anguilla): Patterns, Speeds
and Triggers. In prep. for Movement Ecology



Skarhultaan, August 2013
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Kéavlingan Data recording Data recording
ROnne a Data recording
Morrumsan Data recording Data recording
Skarhultaan 331 eels
Atrafors Data recording (E.ON

Data Report to Poster at Data ana.llysis, . Report
) KTA BIOHYDROLOGY | preparation of Report to KTA o

Processing |(o calles)| (Steinetal2013) |  field work Publication
Kavlingan Data recording
ROnne a Data recording
Morrumsan Data recording Data recording
Skarhultaan W Data recording
Atrafors Data recording (E.ON)

realized !

daily data unlikely
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Skarhultaan 2011
Model Coefficients Estimate Std. Error tvalue Pr(>]t])
(Intercept) -9.707119 2.494460  -3.891 0.000197 ***
moon -0.821653 0.381775  -2.152 0.034218 *
wtemp 1.398024 0.352242  3.969 0.000150 ***
I(wtemp”2) -0.050441 0.012365  -4.079 0.000101 ***
prec.sumb6 0.034967 0.004253 8.222 2.02e-12 ***

Model Performance
(internally crossvalidated)

Spearman r 0.58
Explained Deviance 0.73

Alternative Model, containing ONLY prec.sum6
Spearman r 0.50
Explained deviance 0.65

S - 70.7

% Independent effects (%l)
40
]

- 15.1 14.2
ol | | 84 Days
Moon Ten%%tgture ;gggi];iltzttli\cl)?w 222 Eels
[°C] [mm/6 days]
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Skarhultaan 2012

Model Coefficients Estimate Std. Error tvalue Pr(>]t])

(Intercept) -10.097851 5.540501 -1.823 0.0745 .
moon -1.400372 0.599829 -2.335 0.0237 *
wtemp 1.415280 0.903378 1.567 0.1236
I(wtemp”2) -0.048048 0.035873 -1.339 0.1866
prec.sumé4 0.041276 0.008619 4.789 1.59e-05 ***

Model Performance
(internally crossvalidated)

Spearman r 0.62
Explained Deviance 0.66

Alternative Model, containing ONLY prec.sum4:
Spearmanr 0.41
Explained deviance 0.40

3 - 75.2

% Independent effects (%l)
40
]

_ 105 14.3
ol == | | 54 Days
M Wat C lati
oon Temp&él%rture prggi];itgtli\(/)% 96 Eels
[°C] [mm/4 days]
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Skarhultaan 12/13

Model Coefficients Estimate Std. Error tvalue Pr(>]t])

(Intercept) --11.19515 2.42843 -4.61 9.3e-06 ***,
moon -1.13651 0.31249 -3.64 0.00039 ***
wtemp 1.61552 0.34201 4.72 5.8e-06 ***
I(wtemp”2) -0.05627 0.01203 -4.68 7.1e-06 ***
prec.sumé4 0.03936  0.00398 9.90 < 2e-16 ***

Model Performance
(internally crossvalidated)

Spearman r 0.61
Explained Deviance 0.68

Alternative Model, containing ONLY prec.sum4:
Spearmanr 0.50

Z g_ Explained deviance 0.60

(&) o |

£ @ 71.2

(<) |

t o

Q o

g _ 15.6 13.2

o o | | | 138 Days
T M W Cumulati

£ oon Tempgtrzrture prggi];igttli\é?l 318 Eels
52 [°C/day] [mm/4 days]
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Model surfaces

Again, some good models....

can we use the models to predict
across space and time?



Project 10838, Stein, Hiibner, Calles, Schroder 08/2013

Skarhultaan, Summary Validation

Validation Data

Skarhultadan Skdrhultaan  Skarhultaan  Kavlingean
Fall 2011 Fall 2012 Fall 11/12 Fall 2012

Skarhultaan
Fall 2011

Skarhultaan
Fall 2012

Skarhultaan
Fall 11/12

—
q
2.
-
O
Q)
~+
Q

Kavlingean
Fall 2012

Model performance (Spearman r) for internal cross-validation and external
temporal/spatial validation
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Skarhultaan, Summary Validation

Validation Data

Skarhultadan Skdrhultaan  Skarhultaan  Kavlingean
Fall 2011 Fall 2012 Fall 11/12 Fall 2012

Skarhultaan
Fall 2011

Skarhultaan
Fall 2012

Skarhultaan
Fall 11/12

—
q
2.
-
O
Q)
~+
Q

Kavlingean
Fall 2012

Model performance (Spearman r) for internal cross-validation and external
temporal/spatial validation
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Skarhultaan, Summary Validation

Validation Data

Skarhultadan Skdrhultaan  Skarhultaan  Kavlingean
Fall 2011 Fall 2012 Fall 11/12 Fall 2012

Skarhultaan
Fall 2011

Skarhultaan
Fall 2012

Skarhultaan
Fall 11/12

—
q
2.
-
O
Q)
~+
Q

Kavlingean
Fall 2012

Model performance (Spearman r) for internal cross-validation and external
temporal/spatial validation
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Skarhultaan, Summary Validation

40

Skarhultaan

30
I

)
ro)
Qo
Fall 2011 o
T Q-
c
Skarhultaan 8 o |
- Fall 2011 8
q o [ | [ [ |
Q_J. Skarhultaan 0 20 40 60 80
: Fall 2012 ‘ Index
U Skarhultaan
Q) Fall 11/12 0.68 0.61 0.50
Y
Kavlingean
Fall 2012 0.35 0.33 0.60

Model performance (Spearman r) for internal cross-validation and external
temporal/spatial validation




Migration probability
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Skarhultaan 2012, high resolution

© o =
o> o O

% Independent effects (%l)

80 100

40

73.6

o o
/ 40 0.0 © \‘(\
19.9
6.5
C—

Moon Water
Temperature

[°C/day]

Cumulative
precipitation
[mm/5 days]

Model Coefficients Estimate Std. Error tvalue

(Intercept) -18.67984 5.02897
moon -2.52112  0.79256
wtemp 2.78920 0.80034
I(wtemp”2) -0.10737 0.03126
prec.sum5 0.06479  0.01286

Model Performance

-3.714
-3.181
3.485

-3.435
5.039

(internally crossvalidated)

Spearmanr 0.62
Explained Deviance 0.66

Pr(>]t])
0.000204 ***,
0.001468 **
0.000492 ***

0.000592 ***
4.67e-07 ***

Alternative Model, containing ONLY prec.sum5:

Spearmanr 0.41
Explained deviance 0.40

15433 records
101 Eels
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Skarhultaan 2013
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Skarhultaan 2013




Skarhultaan, August 2013
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Morrumsan Data recording Data recording
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) KTA BIOHYDROLOGY | preparation of Report to KTA o
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ROnne a Data recording
Morrumsan Data recording Data recording
Skarhultaan W Data recording
Atrafors Data recording (E.ON)

realized !

daily data unlikely



Atrafors , August 2013
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Summary

1. Reliable models can be estimated on 3 predictors
(Moon, Water temperature and Precipitation)

2. Importance of predictors seem to depend on site and
season
Spring: Water temperature
Fall: Moon / Precipitation

3. Validations exhibit reliable model transferability in time

4. Spatial transferability between different sites works only
in some cases
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Outlook

1. Temporal external validation will be expanded by
additional data from 2013 (temporal transferability)

2. Additional sites (Atrafors, Grand) will enable further
spatial validations (spatial transferability)

>>> Improvement of model assessments
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Thanks for your attention!
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LISTEN to short radio feature on the research project by the
national radio station Deutschlandfunk (2013-05-22, Forschung

Aktuell, Deutschlandfunk, 04:33 min)

Stein F, Hibner E, van Schaik NLMB, Calles O, Schroéder B
(2013): Investigating downstream migration of European eel
(Anguilla anguilla L.). Biohydrology 2013. DOWNLOAD Poster

Investigating downstream migration patterns of European eel (Anguilla anguilla L.)

Florian M Stein™?, Eric Hiibner®®, N Loes MB van Schaik?, Olle Calles® and Boris Schréder’

E Technische Universitat Munchen, Monchen / Germany, Anstitute of Earth and Environmental Science, Universitat Potsdam, Potsdam / Germany, ‘Department of Biology, Karlstads Universitet. Karlstad / Sweden

1.INTRODUCTION

The European eel (Anguilla anguila L.) is one of {
15 catadromous anguillid species which are widely o oy
distributed around the globe (Fig. 1). The complex -
Iifo cycle includes several marine and freshwater Lapemtiahie
stages (Fig. 2). While developing into migrating
silver eels, they leave the freshwater habitat and
head towards their spawning grounds in the
Sargasso Sea (Tesch 2003).
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stocks are in steep

decline and the species }

was added to the IUCN Red Silver ael -~ i

v List of Threatened Species™ as

Spavning ™ critically endangered (IUCN 2012). Along with natural impacts

several anthropogenic factors such as mortalility by turbines of

hydroelectric power plants are proposed as possible explanations.

Improved knowledge of environmental conditions triggering

re ouwaned downstream migration is essential to adapt turbine operation to
migration peaks.

2. METHODS

Study site
small creek Skarhultan that drains several lakes,
Atran river system (Halland County, SW Sweden)

Duration
Fall 2011 (06.08.-04.11)
Fall 2012 (21.08.-30.10)

Eel migration
stationary eel trap that covers entire discharge
of the creek (N 57° 10.262, E12° 47.143")

Eel arrivals were accurately filmed by an Infrared
video camera, recorded on HD recorder.

water temperature
onse(® HOBO Pendant Temperature/Light Data Logger 64K

water level
onsef® HOBO L20 Water Level Logger
Ocyssey' Capacity Water Level Logger

precipitation
onset® HOBO Micro staton H21.002

moon illumination
http://aa.usno.navy.mi tion.php

Data Analysis
Pig & Satcoary ool Based on the measured

3.RESULTS
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Models on daily data sets from 2011 (A) and 201 2 (B) show similiar tendencies. Maximum

are predicted if

e additional cumulative and mean variables were
generated for the consideration of their dynamics. Differences between the current measure-
ments and the measurements of 1 to 7 days ago were calculated for water temperature and
water level. Cumulative precipitation was calculated in the same time intervals. New variables
were added to the data set as independent variables. Generalized Linear models (GLMs)
were estimated in ‘R’ (R Development Core Team 2008) and variable selection was based on
AIC. Binomial models were weighted in order to avoid zero inflation.

Model name ~ response variable predictor variables family
Model AGB  daily eel abundance daily resolved environmental data  quasipoisson
Model C&D eel arrival time 5 min resolved environmental data  binomial

Model surfaces of the quasipoisson data sets were llustrated by wireframe (package 'lattice’
Sarkar 2013) and surfaces of the binomial data sets by the open source program LRMesh
(Rudner 2004)

4. CONCLUSIONS

of several days is maximal while water

ranges between ~ 10 and 18°C. Abundance level is generally higher under new

moon condition. The predictions roughly match the recorded abundances (2011: max 46;

2012 max, 18).

Model D, estimated on the high resolved data set. shows a similiar tendency. Migration
probabilty gains the maximum if water temperature ranges within a certain range and
cumulative precipitation is maximal. The effect of new moon seems to be more distinctive
under low precipitation conditions. The temperature range s clearly marked with no migration
probability below 6 “C and above 20 °C under full moon conditions (D 1) and a very low

probability under new moon conditions (D 1)

Model C does not show a clear temperature range and the effect of moon illumination is
lower. The cumulative precipitation does not appear significant but the correlated (0.77)

variable water level change does.

1. Increased migration activity under new moon conditions matches with their noctural behaviour. Both behavioral patterns lead to the conclusion that eels tend to avoid

illumination in order to minimize exposure to predators.

2. Moderate water temperatures usually appear in spring and fall - seasons of heavy rains and floods. The results match with the assumption, that eels are quite inactive during hot

summer and cold winter temperatures.

3. High di (also in water level and pre
Additionally, the conditions enable the eels to save energy by u:

itation) can temporarily connect lentic waters to river systems for the migrant escapement.
g the water flow for a passive downstream migration (‘passive drift').

4. The application of GLMs seems to be a reliable method to identify preferable migration conditions on the basis of a low number of environmental parameters.

5. REFERENCES

IUCN 2012. IUCN Red List of Threatened Species. Version 2012.2. www.iucnrediist org. Downloaded on 08 May 2013
R Development Core Team 2008. R: A Language and Environment for Statistical Computing. R Foundation for Statistical Computing. Version 2.12.0

Rudner M. 2004. LR-Mesh: Visualization of logistic regression models. Version 1_0_5 2004
Sarkar D, 2013 Lattice: Lattice Graphics R Package Version 0.20-13.2013
Tesch F.-W. 2003. The eel. Oxford, UK, Blackwell Science Ltd. 408 pp.

Floran Stein

Department of Ecciogy and
Ecosystem Management
Technische Unwersitat Monchen
EmilRamann-Str6

85354 Freisng

Shone: +49 331 977 2778
E-mai foran sten@tm de

6. ACKNOWLEDEGEMENT

DAAD, ELFORSK

Aina Andersson, Jonas Christiansson, Tony Sahlberg

Eric Habner
nssute of Eartr and

Emall
ehusbrarguni posdam do


http://www.nrrv.se/wp-content/uploads/2013/05/20130522.radio_.dlf_.krafttag_al.mp3
http://www.nrrv.se/wp-content/uploads/2013/05/stein.etal_.BioHydro.2013.poster.pdf

