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Abstract

Evidences that fishing entails differential selection for a large number of traits including behaviour are widespread. Among other drivers, space-occupancy behaviours of fish like home range (HR) affect the encounter rate with gears and consequently their behavioural-related vulnerability to fisheries. HR behaviour is shaped by internal factors (e.g., personality, life-history and physiological status) and its dynamics may be affected by external cues (e.g., fluctuating food or temperatures). However, there is no a framework that links external and internal factors that shape the establishment of HR areas and how it is translated to fisheries yields. Here, we propose a mechanistic link between space-occupancy patterns with life-history and physiological traits by using a Dynamic Energy Budget (DEB) model. DEB theory aims to describe the mass/energy processes (e.g., food assimilation and reproductive investment) that ultimately shape life-history traits (e.g., growth rate and age at maturity). We demonstrate that the interactions between external drivers (e.g., food availability), behaviour (e.g., activity level or HR area) and physiological parameters (e.g., energy mobilization rate) can mechanistically explain most of the actually observed individual-level life-history strategies in the wild. Our behavioural-mediated DEB is limited to the individual, but it can be expandable at the ecological and evolutionary levels. Particularly, we outline how fishing selection may operate on the behaviour-physiology links proposed here for resulting into the “fast-mobile” vs. “slow-resident” strategies in the views of pace-of-life theory with implications for fisheries yields.
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Introduction:

Space-occupancy behaviour of fish like home range (HR) has fundamental consequences for the dynamic of life-history traits and, consequently, for many ecological and
evolutionary processes. In the framework of selective fisheries, HR occupancy patterns affect the encounter rate with gears (Alds et al. 2016) and hence the behavioural-
related vulnerability. However, there is no a framework that links external and internal factors shaping the establishment of HR areas and how it may be translated to fisheries
yields.

DAL AT Ol Responsiveness of the model:

We explore the role of activity level (Resident vs. Mobile) and energy
conductance (Slow vs. Fast mobilization) in environments with different
resources levels (f).

HOME RANGE
BEHAVIOUR

 The more the covered area is the faster the growth is and the earlier the
maturity is reached.
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Our framework: 5 | s £
We propose the existence of explicit, mechanistic links between behaviour, physiology and fE :é - 3 ]
life history traits at the individual level. We take advantage of Dynamic Energy Budget (DEB) 2 ’ il
models (Ledder et al. 2014), to explore how differences in the explored area (¢/y) may lead to "7 -
differences in life history traits. o o
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* Lower resource densities imply bigger HR and environmental variability

, leads to more variability in the dynamics of the HR size.
Figurel. Conceptual framework

showing the mechanistic links among e Higher mobilization rates of the reserve energy leads to the

|
|
|
1
1
1
|
|
|
1
1
1
1
|
|
1
|
i . 3 I o o e - o Y o O e T OO I . .
behavior, physiology and life history P—— ! establishment of bigger HR areas.
traits at the individual level. X%, [ sracarewn :
The box delimits the processes that occur @ : (= o g -
inside the individual; outside the box, the ) Mobilization 4c) > I N B e i ki i ’ -
orocesses of interaction between the 2 Reserve () [ Mobilization jc) | ™ B | ! @ - ‘ 0
individual and the environment. State variables O S e = z-x%ERepmdumoandEI : 2 % la A - [t ) o |
(in grey). Forcing variables: food dynamics. | » [ Maturity (H) : 5 @ "pN‘,’”\f’”. ]',,'L |”|f & E o s S
Fixed intrinsic parameters (in orange). : I HeprOEGBRR) : T = - I‘.l 'lil . ':'1! |||| o 'III '1: oo BTART AT =
Mass/energy fluxes (in brown). '0 ............................................... ! E ™~ _{, - 2 g8 °
! WO I"J"' Bouoaon o 0
I ) thnn o | o
B Bl i1} g B g &
| - y"? fY Y g % =
. 0 vy & — o -
Future prospects: - =
, " , , , , : A - -
Behavioural-related vulnerability to fisheries may be related with the encounter rate with : e s e S S T T T 1
|
gears (Lennox et al. 2017), which may depend on the extent of the home range area and/oron| ! 0 5000 15000 0 5000 15000 0 5000 15000
1

the exploration rate (Alds et al. 2016). =004 — =50 saturating
*5=0.09 ---f=5 medium

a,=1 f=2 scarcity

|
|
|
|
1
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
1
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
; |
* a,,=0.54 — f=50 saturating I
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
1
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
1
|
|
|
|

Motlon W|th Iarge HR FISHING PRESSURE
i ) SCENARIO

Growth model

Structure (W)

| — * May our model reveal that fisheries selection acting on spatial-related
_’_'_'_'_'_'_f_'_','_"_'_"_'_'_'_'_"_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_" T metabolism behavioral traits can indirectly generate changes in the life-history of
H | t . . . . .
| Reproductionmodel K populations (and realized yields) by simple energetic/mass fluxes?

maturation
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. m Reproduction () What would be the optimal strategy in those scenarios?
8l Mobilization (sc) | We will look for optimum parameters of our model through
— : n I _Gmwthmode, optimization (following Jgrgensen & Holt, 2013).
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[ - Conclusions:
g . Reproduction model | Home Range
2 1-x% ——— : * Our framework will provide a route map to explore the ecological and
] Reproduction (R) | evolutionary consequences of selective fishing by providing a
’}f ................................................ mechanistic understanding of fiSh space-OCCUpancy-related
Motion with small HR vulnerability to gears at individual level.

Figure2. Two alternative strategies are showed as feasible endpoints in a fisheries-induced selection scenario. The “fast-
mobile” and “slow-resident” spatial pace of life syndromes (POLS) have been described in Spiegel et al. 2017.
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