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Introduction: movement ecology

@ Behavior « expressed
through movement

e Movement path —
behavioral units

o What internal and
external factors

condition individuals’
behavior?

escaping a
predator

searching
for food

e Multiple scales

How to decompose trajectories in sequences of behavioral
mode units?



Field: Northern Humboldt Current System

o Available trajectories
@ Data on main ecosystem components (CHL, SST, fish...)

@ World’s largest

) @ Intense regional climatic
monospecific fishery

variability at multiple

spatio-temporal scales (seasonal,
( (1970s: collapsed!) interannual, multidecadal,...)
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A fisher track and its behavioral modes

PBP: Viaje
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A fisher track and its behavioral modes

PBP: Viaje

tracks 2000 2001 2002 2003 2004 2005 2006 2007 2008  200S
obs (post) | 132 109 356 193 265 309 155 127 242 182
vms (10%) | 28.8 262 444 30.8 436 415 31.0 30.6 36.1 39.6
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Fisher movement ecology

Time
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@ Speed thresholds

(Rijnsdorp et al. 1998, Dinmore et
al. 2003, Deng et al. 2005,
Murawski et al. 2005, Eastwood et
al. 2007, Piet et al. 2007, Walter et
al. 2007, Witt & Godley 2007, Fock
2008, Mullowney & Dawe 2009, Piet

& Quirijns 2009, Lee et al. 2010, ...)

Problems: false
positives and
overestimation! (paimer
& Wigley 2009, Bertrand et al.

2008)
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Behavior within trips: fishing
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Behavior within trips: fishing

e VMS + observers data (2000-2007)

Real Speed ANN o
P +1% overestimation
76% true fishing sets
(Bertrand et al. 2008,
Joo et al. 2011)
n=5 n=11 n=5

Input Hidden layer Output

(@ Fishing set
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trips: fishing
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Behavior within trips: all modes

Fishing, searching and cruising segments

Fishing 81%
Searching 58%
Cruising 87%
Global 79%
(Joo et al. 2013)

802 801 80 799 798 797 796 795 -794 802 -80.1 -80 -799 798 -797 -796 -795 -794

e VMS + observers data (2000-2009)
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Behavior within trips: all modes

Model Markovian Discriminative
HSMM HMM | ANN SVM RF PDF
SP, 5P, SP, Sp, SP, SP,
Set of Aspyr Aspyy | Aspoy, Aspoi, Asp_y, Asp-i,
variables Aspy1 Aspyr Aspii,  Aspia,
0,A0,1 Abyy
Global 80% 79% 79% 79% 76% 76%
Fishing 86% 76% 5% 5% 74% 72%
Searching | 60% 60% 57% 57% 54% 51%
Cruising 88% 87% 82% 80% 74% 7%




Behavior within trips: all modes

Supervised vs. Non-Supervised (EM) approaches

State Indicator | NS-HMM S-HMM S-HSMM
Accuracy 68% 78% 80%
F F1 64% 2% 81%
S F1 29% 56% 60%
C F1 74% 88% 89%

Under NS, Searching state is highly confused with Fishing
(30%) and Cruising (40%).

Under S, Searching is less confused with Fishing (21%) and
Cruising (28%).



Behavior within trips: sample size effect?
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@ Mean stabilizes at n =~ 50.

@ Confidence bands are narrower while sample size increases.



Behavior within trips: sample size effect?
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@ Mean stabilizes at n =~ 80.

@ Confidence bands are narrower while sample size increases.



Spatial patterns of behavioral units

What can they tell us?

TELL ME WHAT YOU SEE.

UTTP://FREDDDY-MERKEN. TUMBLR.COM



Spatial patterns of behavioral units

Fishing activity patterns — fishing tactics?
e Observers data (2005-2014)

e 15067 fishing sets

o 359 vessels R Y
e Variables
e Duration 57
o Catch e ]
o "Efficiency" = e
Catch / Fish-hold oo
capacity ]

o Distance to shelf break
e Distance to coast
o Location (lon,lat)
e Exploratory univariate and
multivariate analyses




Spatial patterns of behavioral units

Fishing activity patterns — fishing tactics?
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Spatial patterns of behavioral units

Spatial behavior as a proxy of fish presence?

VMS data: VMS + observers (HSMM)  VMS + observers (geostat)
. Positions Activities . Probability of presence
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1) Build VMS-based presence proxy
2) Compare it with acoustic-based presence proxy from
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Spatial patterns of behavioral units

4's
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e For each cell: P =
(§Fx1)+(#S*x0.75) + (§C x 0.3)
fE+4S+4C

§ F': number of fishing locations;

§.5: number of searching locations;
f C: number of cruising locations

o Zy = Emin) 7 ¢ 10,1]

P’maz*P’min ’

e Variogram model and ordinary

kriging



Spatial patterns of behavioral units

Similar spatial patterns?

Acoustic proxy

VMS Proxy

(Relative) 7
occupied area :
r=0.89

Mo 005 01 o015 02 o028

(Residual center
of gravity of)
distance to the
coast

r=0.89



Spatial patterns of behavioral units

Two sides of the same coin?

Leonardo

\i.) Fernando Botero




Spatial patterns of behavioral units

Two sides of the same coin? Or not?

Leonardo

Sra Cecilia




Spatial patterns of behavioral units

Differences in sampling effort

2001
all [min ; g33%[ [q66% ; q33%[ [q66% ; max]
2@ acoustic
5::_| a VMS
o]
=+ |
‘“3

E .
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Spatial patterns of behavioral units

Indicators of large densities

e 2001: > 60%
coherence
between dense
VMS and

acoustic zones.

e 2008 and 2009:
> 40% coherence.

0.8

Cross corre \ogra m

to be continued...

Distance (degree)
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Spatial patterns of behavioral units
. Tracking at the opening of fishing season

23/11/2007

Birds GPS tracks Seabird foraging effort increase day after

3¢, Raw VMS data a
A o e Fiahing et day, seabirds forage farther from vessels

W Kernelfish. sets
Mixed effect models:

Main effect from the local depletion
generated by the fishery removals

90

Seabird needs: ~ 200 t.d!
Fishery removals: ~ 50 000 t.d!

8 2 R

il ' Competition seabirds / fishery
‘ Localized depletions
Bertrand et al. (2012) JAE
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Behavior at fishing season scale

Continental shelf




Behavior at fishing season scale

Ecosystem conditioning fisher spatial behavior?

e Fishermen:
e [800,16000] trips per season: fishing,
searching, cruising, duration, distance,
maximum distance to coast, diffusion

Latitude

@ Anchovy:

e 1 value per season: global and local
biomass, spatial occupation, distance to

Latitude

coast
e Environment:

o weekly /monthly data: SST, CHL,
oxycline

Latitude

Challenges: data (nature & resolution)
Strategy: averaging, grouping, multivariate ex-

Longitude

ploration .

37



Behavior at fishing season scale

@ Associations - environment and anchovy condition
fisher behavior
e Stronger associations for direct links

ISO
sigma
SA
DC. Fishing

! ST,
CHL

Cruising

Max.DC

Row projection
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Behavior at fishing season scale

2008/02-04 2001/10-11

e Warm, productivity, e Cold, low productivity,
superficial oxycline deep oxycline

e Abundant, @ Scarce, spare, far
concentrated, coastal ’ ’

e Coastal, fishing, e Far, cruising, low
diffusive diffusion

(Joo et al. 2014) 32 /37



Behavior at annual scale

Did small-scale fishers change strategies?

Fuente: IMARPE

E
H
°

Figura 03-04 - Espinel de superficie
Foto 03-11 - Cortina costera

e Drifting longline o Coastal gillnet

@ ~ 10 tonnes e ~ 2 tonnes

33/3
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Behavior at annual scale

Did small-scale fishers change strategies?

E
Fuente: IMARPE H
°

Figura 03-04 - Espinel de superficie
Foto 03-11 - Cortina costera

e Drifting longline o Coastal gillnet

@ ~ 10 tonnes e ~ 2 tonnes

e Landing declarations (1997-2001)

e Following vessels (~ 10 per gear/region) '
e Fishing area and species composition e

o

Descriptive stats, spatial density kernels o



Behavior at annual

Drifting longline

1998 1999 2000-2001

Tiburén azul i Prionace glauca  Tiburénazul + Tiburén azul

Perico +  Coryphaena hippurus Perico + Perico et

Tiburén diamante + Isurus oxyrinchus Tiburén diamante o Tiburén diamante +

Tiburén martillo Sphyrna zygaena Tiburén martillo Tiburén martillo
ErETET EETr T ErmTmpTT

Area Area Area

Distanciaala = Distancia a la + Distancia a la +

costa costa costa

Amplitud - Amplitud + Amplitud +

latitudinal latitudinal latitudinal

Amplitud - Amplitud + Amplitud +

longitudinal longitudinal longitudinal

34

w
~



Behavior at annual

Coastal gillnet

1997-2000

4°s e

Coco 5
Cachema <
Otros. &

Peje blanco

Area

Distancia a la

costa

Amplitud +
latitudinal

Amplitud +
longitudinal

Norte tropical

4°S

Paralonchurus peruanus

Cynoscion analis

Caulolatilus affinis

Coco

Cachema
Otros

Peje blanco 4

Area

Distancia a la +
costa

Amplitud +
latitudinal

Amplitud +
longitudinal



Collective behavior:
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Collective behavior:

If there’s time for a teaser...



