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Abstract

Flight initiation distance (FID), the distance at which an organism begins to
flee from an approaching threat, is a major component of antipredator escape
behavior and a potential indicator of threat perception in fishes. In this study,
we analyzed the FID of three important rocky-reef fish species targeted by
spearfishers, which are of commercial and recreational importance. We tested
predictions that FID to a diver threat increases with the following factors:
(1) fish body size, (2) less restricted access regimes, and (3) increased historical
fishing pressure. We studied three size ranges of three rocky-reef fish species,
in three different access regimes (i.e., open access, territorial user rights for
fishery areas, no-take marine protected areas), and in two regions (northern
and central region with different levels of fishing pressure depending on the
species). We conducted an ANOVA to analyze pairwise interactions. We used
the mean square criterion to select the models that best explained the variation
of our response variable. Our findings indicate that FID can be distinctly eluci-
dated by factors such as individual size, species, access regimes, and regions.
Additionally, our models show that interactions involving regions and either
species or size further contribute to explain FID variability. FID was higher in
larger fishes and those of higher commercial value, outside marine reserves
and in the region with the highest historical fishing pressures (based on land-
ings data). This study supports the predictions that increased FID is associated
with the threat posed by spearfishing activities. Furthermore, our findings
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indicate that spearfishing may already be altering the behavior of rocky-reef
fishes on the north-central coast of Chile.
KEYWORDS
antipredator behavior, artisanal fishery, flight initiation distance, rocky-reef fish, TURFs
INTRODUCTION threat (Benevides et al., 2019; Gotanda et al., 2009).

Overfishing—the deployment of excessive levels of
fishing effort—is one of the most pressing problems for
marine ecosystems globally (Callum et al., 2001; Gelcich
et al,, 2009; Jackson et al., 2001; Pauly et al., 2002)
Assessing fish responses to overfishing is crucial for
understanding changes in population dynamics and com-
munity structure (Defeo & Castilla, 2005). A useful met-
ric to evaluate the impact of fishing is the flight initiation
distance (FID), which serves as a proxy for threat percep-
tion in fish and allows inference of the stress levels they
experience due to fishing pressure and habitat variations
(Benevides et al.,, 2019; Gotanda et al.,, 2009; Nunes
et al., 2018). This approach provides a valuable tool
for fisheries management and conservation, especially
in contexts where marine resources are under constant
pressure due to intensive exploitation.

Spearfishing is considered a major marine resource
extraction activity around the world (Allison &
Ellis, 2001; Berkes, 2001). These multispecific fisheries
operate in shallow subtidal zones of tropical and tem-
perate coastal ecosystems worldwide (Crona et al., 2017;
Gelcich et al., 2017; Johannes, 1978). Evidence suggests
spearfishing affects reef fish abundance, diversity, body
size, reproductive potential, mobility (Gelcich
et al., 2008; Glaudas et al., 2006; Godoy et al., 2016;
Oakley, 1984; Wilson et al., 2020), and the wider ecosys-
tem (Godoy et al., 2010). An important, yet still
understudied approach to assess the effect of this activ-
ity is to study the escape behavior of rocky-reef fish in
the presence of fishing (Lima & Dill, 1990), which can
be integrated with other sources of information, to
inform levels of threat under different management
strategies (Nunes et al., 2018).

Multiple methods can be used to quantify rocky-reef
fish behavior in the presence of predators. These
include visual census, landscape of fear (LOF), and
FID (Blumstein, 2003; Laundré et al., 2001). The most
frequently used has been FID (Nunes et al., 2018). The
FID is the distance of an approaching predator at
which prey first initiates an escape (Nunes et al., 2018).
With this measure, it is possible to quantify one of the
main components of antipredator behavior and gener-
ate a potential indicator of an animal’s perception of a

This metric has been also used as an indicator of the
effects of fishing pressure on the behavior of coastal
fish targeted by spear fisheries and can aid in defining
species-specific spatial management strategies (Benevides
et al, 2016; Januchowski-Hartley et al, 2013; Tran
et al., 2016).

FID is expected to vary in space and time, depending
on the fishing pressure to which the individual is
exposed. Further, most studies in coastal fish species
targeted by fisheries have shown higher FID in the pres-
ence of spear fishers as opposed to when they are absent
(Gotanda et al., 2009). Since the FID of an individual
can be influenced by its life experience (Brown, 2003),
FID can be attuned according to fishing pressure
(Deecke et al., 2002). In the case of constant exposure to
humans that do not represent a direct threat, the indi-
vidual should have a decreased FID, behavior that has
been reported, for example, inside marine protected
areas (MPAs) where there is a prohibition of fishing
(Cooper & Whiting, 2007; Guabiroba et al., 2022;
Kramer & Chapman, 1999).

In Chile, from latitude 18° S to 40° S, over approxi-
mately the last six decades, a coastal artisanal and com-
mercial speargun fishery has targeted rocky-reef fish
(Godoy et al., 2010). This fishery operates between 0 and
30 m depth and is generally associated with Lessonia
kelp forests (Pequefio & Olivera, 2005; Pérez-Matus
et al., 2007). This fishery includes a large suite of fish
guilds/trophic levels including carnivores (ichthyopha-
gous or carcinophagous), omnivores, and herbivores,
the former being the most demanded and exploited
(Chirichigno, 1998; Godoy et al., 2016; Medina et al., 2004;
Pérez-Matus et al, 2017; Stuart-Smith et al, 2013).
Important impacts have occurred on three species consid-
ered flagships for artisanal and recreational fishing: Graus
nigra, Semicossyphus darwini, and Medialuna ancietae
(which is only observed in the northern region I of Chile).
These species have sharply decreased their abundance due
to overexploitation because there are still no commercial
or recreational regulations regarding bans, catch limits,
gear restrictions, or size limits in the country (Godoy
et al., 2010; Lyach & Cech, 2018). Due to the depletion of
flagship fish species, a displacement of fishing has been
observed to include alternative species, such as
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Cheilodactylus  variegatus, Pinguipes chilensis, and
Aplodactylus punctatus, which is an herbivorous species
that was not very popular spearfished species in the past
(Godoy et al., 2010) and the core subjects of this study.

Along the Chilean coast, there are MPAs, which have
prohibited the commercial exploitation of reef fish spe-
cies in no-take-zones. On the other hand, there are more
than 800 management and exploitation areas for benthic
resources, which are areas where small-scale fishery
organizations have territorial use rights for fishing
(TURFs) and where reef fish spearfishing is generally
limited (Gelcich et al., 2012). Within MPAs and TURFs,
it is possible to find greater richness and diversity of reef
fish, compared to open access areas, since protection
and a more restricted access regime decrease mortality
derived from fishing (Gelcich et al., 2012). In MPAs and
TURFs with effective surveillance, there is an increase in
the abundance and size of invertebrates, algae, and also
in the number of reef fish (Gelcich et al., 2012).
Moreover, Gelcich et al. (2008) reported that despite the
existence of low surveillance in TURFs, reef fish species
were significantly more diverse and abundant and com-
munity assemblages of nontarget benthic invertebrates
and reef fish were significantly different inside versus
outside TURFs.

The Chilean setting, where different management
areas have varying de facto spearfishing effort along the
coast, provides a unique opportunity to explore FID in a
temperate ecosystem subject to differing human pres-
sures. Accordingly, in this study we analyzed the FID of
three rocky-reef fish species important for commercial
and recreational fishing: C. variegatus, P. chilensis, and
A. punctatus. We hypothesize that FID is contingent
upon the magnitude of spearfishing pressure associated
with management regimes, historical levels of fishing
pressure in different areas and specific locations where
the fish are found, as well as the individual sizes of the
individuals. We test the hypothesis through comparing
FID across (1) different fish sizes; (2) areas with different
fishing access regimes: open access, TURF, and one MPA
(Estacion Costera Investigaciones Marinas, Las Cruces);
(3) administrative regions (hereafter Regions I and V)
with different historical fishing pressures over reef fish.

METHODS
Study site

FID of coastal fish species C. variegatus, P. chilensis, and
A. punctatus were measured at 16 sites distributed
throughout the Valparaiso region (Region V) (zone with
lower historical fishing pressure) in central Chile and

14 sites distributed in the Tarapaca region (Region I)
(zone with higher historical fishing pressure) in Northern
Chile (Figure 1A). Higher and lower historical fishing pres-
sure was determined based on landing data (SERNAPESCA;
Appendix S1: Figure S1) and an empirical assessment of
catch-per-unit-effort (CPUE) (in kilograms/fisher/trip) pro-
vided by Godoy et al. (2016) that showed Region I was sig-
nificantly higher than Region V. Figure 1B shows the
frequency of visual observations where divers simulated
spearfishing to measure the FID, which represents the
number of instances where fish began to flee from the
approaching diver threat. Data were collected in open
access areas (without fisheries management for rocky-reef
fish), TURFs, and one MPA. We estimated FID in subtidal
zones associated with kelp forests up to 15 m depth, total-
ing 2418 estimates. The frequency distributions of access
regimes and fish size per species are shown in Figure 1B.
Open access sites in the Valparaiso region were in the
town of El Tabo, Las Cruces, and Quintero. On the other
hand, the open access sites in the Tarapaca region were
throughout Iquique. TURF areas included those of
Maitencillo, El Quisco, Valparaiso, Quintero, and Las
Cruces in Region V. In Region I, the TURFs concentrate
in areas adjacent to Iquique. Finally, the MPA associated
with the coastal station of the Pontificia Universidad
Catolica de Chile (ECIM) was assessed in Region
V. Sampling took place ensuring that localities from each
region were sampled iteratively. Sampling took Ca.
3 years, and localities were not resampled across different
years.

Data collection

Three divers, marine biologists, experienced in spear-
fishing estimated FID at all sites between the end of 2015
and the beginning of 2019. Divers were trained on how to
estimate FID and shared five “practice” dives to standard-
ize methodology and discuss the method. These “prac-
tice” dives were repeated every year to ensure protocols
were followed. In the “practice” dives, two divers were
always submerged together, with one performing the FID
measurements while the other supervised to ensure
uniformity in approach and to minimize any potential
variation in behavior that could influence FID.
Environmental conditions during sampling were set at a
minimum of 8 m visibility and between 0.8 and 1.8 m of
wave height. The presence of a diver was considered an
appropriate stimulus in study areas (Cooper, 2005). The
divers used apnea (free-diving) to do reconnaissance and
search for the species of interest. This diving method was
used as it produces fewer bubbles during diving, so it
allows to have less interference with the species and thus
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not add an extra distraction to measure the stimulus
(Gray et al., 2016). This method was utilized to parame-
terize the reaction of the individual, as different zones
present different types of diving and fishing gear. Divers
executed a deliberate exploration of the designated site,
meticulously seeking the study species. Upon identifying
a suitable individual, the diver approached horizontally,
aligning their depth with that of the fish and positioning
themselves nearly perpendicular to the fish’s longitudinal
axis. This approach was carried out at a velocity of
approximately 0.9 m/s, following Gotanda et al. (2009).

In response to the fish displaying behaviors indicative of
evasion, often coupled with an acceleration in speed and at
times a change in trajectory, the observer immediately
released a 2-kg diving lead, previously secured around their
waist. Subsequently, a secondary marker was deployed to
mark the precise location where the fish’s evasion com-
menced. The linear distance between these two markers
was measured. The recorded measurement of FID was
established as the spatial separation between the fish
evasion and the initial point. To ensure meticulous data
acquisition, approach maneuvers were initiated at a maxi-
mum practicable distance from the focal individual. The
diver registered species identity and assigned them to a size
category (small 0-30 cm [0-300 g]: medium 30-40 cm
[300-700 g], and large >40cm [>700 g]). Based on
Godoy et al. (2016), the medium and large sizes defined
can be considered part of the sizes observed in the catch
composition of commercial and recreational divers.

Observations were mostly recorded in solitary individ-
uals, individuals observed in groups did not exceed five
individuals per group, and only the first individual’s FID
was measured.

A total of 2418 FID records were obtained.

Fishing pressure and study species

C. variegatus (Valenciennes, 1833) is a common carnivo-
rous fish inhabiting rocky subtidal habitats along the
northern and central coast of Chile (Palma &
Ojeda, 2002). It ranges from Paita (Pert1) to Metri Bay in
southern Chile (Chirichigno, 1974). The first official land-
ing statistic for this species was in 1996. C. variegatus
landings in Region I show an increase from 2009 onward,
surpassing the Region V landings. These values coincide
with CPUE assessments that signal significantly higher
values in Region I in 2010 and 2011 (Godoy et al., 2016).
The species presents high fishing pressure in Region I in
the years prior to our study (Appendix S1: Figure S1).

P. chilensis (Valenciennes, 1833) is a carnivore and
highly territorial fish inhabiting sandy and rocky subtidal
bottoms distributed from Tumbes (Perd) to the

southernmost tip of Chile (Magallanes)
(Chirichigno, 1974; Gonzélez & Oyarzun, 2003). Fishing
for this species has been ongoing for longer than for
C. variegatus with official records dating back to 1980.
Catches have decreased in the last few years
(SERNAPESCA, 2020). Higher landings of P. chilensis
were observed in Region I than in Region V. Empirical
studies from 2010 and 2011 support this pattern and sig-
nal that CPUE for this species is higher (Godoy
et al., 2016). In Region V, landings have been lower and
never reached the high values observed in Region I, indi-
cating that P. chilensis is more intensively fished or more
abundant in Region I.

A. punctatus (Valenciennes, 1833) is a common and abun-
dant herbivorous fish mainly associated with the subtidal
brown kelp Lessonia (Benavides et al., 1994) and distributed
from northern Perui to Golfo de Arauco in southern Chile
(Chirichigno, 1998; Mann, 1954). Because they are not very
palatable, they have a lower fishing pressure in the country
(SERNAPESCA, 2020). The official landings for A. punctatus
show data from 1999 and low landing volumes in Region
L. This species does not seem to be a significant part of the
fishery in this region. In Region V, A. punctatus has more
substantial landings, particularly around 2010, where it shows
one of the highest peaks for the species. There is empirical
evidence of catch in both regions (Godoy et al., 2016).

Historical context reveals that fishing pressure and
landing patterns for these species have varied significantly
across regions and over time (Godoy et al., 2010). The
three species were selected for this study because (1) histor-
ical fishing records are more extensive in Region I than in
Region V, indicating a longer history of exploitation; and
(2) the selected species have more recent fishing histories,
reflecting a shift due to the overexploitation of previously
more abundant species.

The nationally and historically aggregated data in
Appendix S1: Figure S1 are divided and allocated to the
sampled regions. These regional landings are then included
as qualitative factors in the “Region” variable, which cate-
gorizes regions based on higher and lower landing quanti-
ties. This approach allows for a detailed analysis of regional
differences in fishing pressure and landings.

Data analysis and model selection

The following factors were selected as potential predic-
tors of FID wvariability: (1) species (A. punctatus,
C. variegatus, and P. chilensis); (2) region, with Region I
representing the northern zone with the highest land-
ings and Region V representing the southern zone with
the lowest landings (SERNAPESCA, 2020); (3) body size
of the observed fish (small, medium, and large size); and
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finally, (4) access regime (open access, TURFs,
and MPA).

All factors were divided into discrete categories and pre-
sent a relationship with a single response variable which is
the FID (in centimeters), facilitating the interpretation of
the effect of our predictors, making the individual factors
more interpretable when analyzing interactions (Neter
et al., 1996). Due to the robustness of our data (2418 obser-
vations), we initially performed a four-way ANOVA. To
facilitate the interpretation of our models and their interac-
tion, we used ANOVA of pairwise interaction between
main effects for the selection of our models and to evaluate
the variation of our response variable with our factors, by
itself and by the interaction of these and a Tukey’s test HSD
(Tukey’s honestly significant difference test) to find means
that are significantly different from one another.

To visualize the distribution of our data based on the
selected models, partial regressions were performed,
which allowed us to control our variability under a single
factor, eliminating the noise that other factors could gen-
erate in our factor of interest. The partial regressions
were represented by boxplots of the adjusted estimates of
our observations to facilitate their interpretation. All ana-
lyses were performed with R software version 4.2.0.

The boxplots display the five-number summary of the
adjusted estimates: minimum, first quartile, median,
third quartile, and maximum. Additionally, means of the
adjusted estimates as individual points on the boxplots
were included. Although means are not traditionally part
of a boxplot, they were included to provide a clearer
understanding of the central tendency of the data, espe-
cially in the context of Tukey’s test. The six models men-
tioned in the previous paragraphs were selected, out of
the 10 models run, because of their significance and their

mean square that have the strongest potential to explain
FID. For the visualization of our selected models, we
performed partial regressions, from which we plotted the
adjusted estimates to observe differences between the
expected and observed values of our data.

RESULTS

We recorded the FID of 2418 individuals of C. variegatus,
P. chilensis, and A. punctatus, for three different sizes:
large (n = 981), medium (n = 869), and small (n = 568),
in open access, TURFs, and a MPA areas, within the two
regions with different fishing pressure (in the form of
landings). Our study reveals that all factors and most
of their interactions prove to be of significance on the
FID response (Table 1). When factors are analyzed sepa-
rately, fish size explains most variation in our data with
the highest mean square (Msq = 152,732) and a signifi-
cant variation (F = 818.33, p < 2.2e—16). Region comes
second as the variable that mostly explains the variations
of our data (Msq: 974174; F = 521.95, p < 2.2e—16).
Protection showed a lower mean square (Msq = 358,059),
but also proved to be a significant contributor (F = 191.84,
p < 2.2e—16). Species has the lowest mean square
(Msq = 114,669) among our four variables; therefore, it
is the one that least explains the variation of our
response variable. However, it shows statistical signifi-
cance (F = 61.44, p < 2.2e—16). Our results reveal the
importance of the four variables in explaining the varia-
tion of our response variable (FID).

Results also show that all interactions are significant,
except for the region—protection interaction (F = 2.0,
p = 0.157574). The interaction that most explains the

TABLE 1 ANOVA pairwise interaction between main effects and results for flight initiation distance (FID) response in size, region,

species, and protection on their own and the interaction between these factors.

Factors df Sum of squares
Size 2 3,054,656
Region 1 974,174
Species 2 229,339
Protection 2 716,119
Size-region 2 228,972
Size-species 4 99,644
Region-species 2 418,941
Size—protection 4 283,026
Region-protection 1 3730
Species—protection 4 59,654
Residuals 2393 4,646,394

Mean square F p

1,527,328 818.33 <2.2e—16***
974,174 521.95 <2.2e—16***
114,669 61.44 <2.2e—16***
358,059 191.84 <2.2e—16***
114,486 61.34 <2.2e—16***
24,911 13.35 9.29e—11***
209,471 110.58 <2.2e—16***
70,756 38.74 <2.2e—16***

3730 2.0 0.157574
14,914 8.0 2.14e—06***

1942

Note: With a given significance level of 0.05, *** indicates that results are significant. Results not significant are indicated by a blank.
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variation in our data is the region-species interaction,
which has the highest mean square among the interac-
tions (Msq = 209,471) and showed high statistical signifi-
cance (F = 110.58, p < 2.2e—16). This interaction has a
higher mean square than the variable “species” by itself.
Another relevant interaction is between size-region, which
showed a significant mean square, although lower (Msq:
114486; F = 61.34, p < 2.2e—16) than that of the region—-
species interaction. The remaining interactions, despite
showing significance (p < 2.2e—16), present lower mean
squares than the mentioned interactions; therefore, they
were not selected as models that explain our response
variable.

Results of the different possible factors determining
FID (Figure 2) show that the size factor (Figure 2A)
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indicates that the median of the adjusted estimates for
the small sizes is around 80-90, while the mean is ~85,
representing a lower FID relative to the other sizes. For
the medium sizes, the median is around 90-100 and
the mean is ~95, presenting a slightly higher FID than
small sizes but lower than large sizes. Large sizes pre-
sent the highest FID with a median around 120 and a
mean of ~110.

The species factor (Figure 2B) shows that A. punctatus
has the shortest FID compared to the other species, with a
median around 80 and a mean of ~75. P. chilensis and
C. variegatus present similar FID values, with medians
around 100 and means of ~95.

For protection (access regime/protection) (Figure 2C),
the medians and means of the FID vary depending on
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FIGURE 2 Flight initiation distance boxplot in relation to the adjusted estimates from our partial regressions: (A) species, divided into
three levels: Aplodactylus punctatus, Pinguipes chilensis, and Cheilodactylus variegatus; (B) size, divided into three levels: small, medium, and
large; (C) protection, divided into three levels: marine protected areas (MPA), territorial use rights for fishing (TURF), and open access; and
(D) region, divided into two levels: Regions V and I. The midline represents the median flight initiation distance (FID) for each group. The

box limits represent the interquartile range (IQR), showing where the middle 50% of the FID observations lie. The whiskers extend to the
most extreme FID values that are not considered outliers. Outliers, if present, are plotted as individual points, representing FID values

significantly different from the rest of the data.
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the access regime. The specific values for each regime are
detailed in the figure, providing a comprehensive view of
how access regimes impact FID.

The MPA is the one that presents the lowest FIDs
within our study areas, with a mean close to what was
expected within our regressions. The TURFs present a
similar mean to MPA. Finally, the open access areas are
the ones that present a higher FID; they are the ones that
present the highest difference between the observed and
the expected, as well as the one that presents the highest
number of outliers toward the positive peaks. For the
region factor (Figure 2D), differences between the north
(higher fishing pressure) and the south (lower fishing
pressure) are observed with the north presenting higher
FID. This assumption is based on historical landing data
and fishing activity reports where higher fishing pressure
in the north, and for more years, provides a rationale for
the observed differences in FID.

The visualization of our two models, with interaction
of selected factors, that explain most of the variation in
our data show that the species-region model (Figure 3A)
indicates that the highest FID measurements are found
in Region I. For C. variegatus, the median FID is around
60 with a mean >50, and for P. chilensis, the median is
around 40 with a mean <50. Aplodactylus punctatus pre-
sents the lowest FID in both regions, with a median
around 20 and a mean ~25. The trend of the FID associ-
ated with the three species remains similar to when this
variable was measured alone.

For the size-region interaction (Figure 3B), it is pos-
sible to observe that Region I shows the highest FIDs
for large sizes, with a median around 120 and a mean
>100. Medium sizes have a median around 100 and a
mean ~100, while small sizes show similarities between
both regions, with a median around 80 and a
mean ~85.

A)

o
400 | ° 8 ©
I
4@‘ :
_. 300 !
: . al e ale—
s . R ! , ! .
2 = = | = _
— I
T I emam — . . L
| |
100 ! —(:)— | '
_O_ —_
0 —
T T T T T T
Region V Region | Region V Region | Region V Region |
A. punctatus C. variegatus P. chilensis
B)
400 — o _?_
S 0 |
B —8— |
—~ 300 — e :
|
s 8 . u : i .
e S T =
-— |
L JR E—
. - — .
100 — !
L —
0 O
T T T T T T
Region V Region | Region V Region | Region V Region |
Small Medium Large

FIGURE 3

Flight initiation distance (FID) boxplot in relation to the adjusted estimates from our partial regressions with interacting

factors: (A) interaction between region and species; (B) interaction between region and size. The midline represents the median FID for each

group. The box limits represent the interquartile range (IQR), showing where the middle 50% of the FID observations lie. The whiskers

extend to the most extreme FID values that are not considered outliers. Outliers, if present, are plotted as individual points, representing FID

values significantly different from the rest of the data.
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DISCUSSION

Our results show that FID differed significantly in rela-
tion to access regimes, fish body size, species identity,
and historical fishing pressure. These findings support
previous studies (Sbragaglia et al., 2023) and indicate that
the FID can be useful as an indicator of fishing or anthro-
pogenic disturbances associated with different access
regimes. Specifically, the size-region interaction revealed
that larger fish in regions with higher historical fishing
pressure exhibited higher FIDs, supporting our hypothe-
sis about the impact of historical fishing pressure. The
species-region interaction showed significant variations
in FID among species, with A. punctatus exhibiting the
lowest FID across both regions, which aligns with our
expectations based on species-specific behavior and vul-
nerability to fishing. Results support that FID can be used
as a proxy of spearfishing pressure that plays an impor-
tant role as a structuring agent of coastal ecological sys-
tems in Chile.

In relation to our results associated with size, theory
has proposed that as size of an organism increases,
the reaction to threats would increase; therefore,
the measurement of FID in larger individuals (adults)
should increase (Gotanda et al., 2009; Grant & Noakes,
1987). In fact, Rogers and Sargent (2001) generated a
model that predicts the increase in fish reaction with
increasing fish size. Literature has suggested that the
increase in fish size is directly associated with the focal
size of the fish and the developmental stage of the organ-
ism (large/late adult, medium/adult, and small/juvenile).
As large fish present with a larger focal eye aperture, they
are able to better identify the threat (Olden et al., 2006;
Sbragaglia et al., 2018; Sogard, 1997). Our results showed
differences in FID when comparing medium and large
sizes of our three species (Gonzilez & Oyarzun, 2003).
Smaller sizes showed the lowest FID, with distances sig-
nificantly shorter than those recorded for medium and
large size fish; however, there were no differences in the
interaction with other factors. Thus, small individuals
show similar behavior between regimes, independent of
the type of species and the area where they are fished.
Previous studies have proposed that this could be
explained by the fact that juvenile individuals have not yet
assimilated the imprint of humans as a threat and there is
no behavioral development as in larger individuals
because smaller fish are not targeted by spearfishermen
(Abrahams, 2000).

Similar to our results, other studies using FID as an
indicator of fishing pressure predicted that FID increases
with increasing danger based on the presence of a diver
(using a speargun or some fishing gear) (Cooper &
Whiting, 2007). Individuals from a species may gain

information about a threat based on experience, whereby
they may modify and adapt their antipredator responses
to a threat, reflecting this in variations of the FID
(Sbragaglia et al.,, 2018). Our results show the largest
FID was recorded in open access areas. Nonexistent regu-
lations in open access areas could be generating an
increase in FID, as organisms face a greater number of
encounters with spearfishers (Gaynor et al., 2018). Both
in the TURFs and in the MPA, FID was similar probably
due to the fact that in both these regimes fishing is lim-
ited or totally banned (Stankowich, 2008; Weston
et al., 2012). Similar effects have been described in the
literature for “no take zones” in tropical ecosystems
(Januchowski-Hartley et al., 2011; Petit et al., 2022).

Different studies such as that of Kramer and
Chapman (1999) show that large- and/or medium-sized
fish have limited home ranges and tend not to move
between areas, especially territorial rocky-reef fish
(Palma & Ojeda, 2002). From our results, we infer that
the home ranges of the species studied would be
contained to the spatial scales used in our study (open
access, TURFs, and MPA), generating a behavioral
response within these areas, in direct relation between
the access regime and FID (Baudains & Lloyd, 2007;
Cooper & Whiting, 2007).

At the species level, the largest FID were recorded
for C. variegatus, followed by P. chilensis and finally
A. punctatus. C. variegatus has the highest commercial
value so we would predict a higher FID, as increased
exposure to divers may increase sensitization to distur-
bance cues (Gotanda et al., 2009). An example of this has
been shown by Paton et al. (2017), who show that hunt-
ing pressure exacerbates behavioral impacts in migratory
moose, which coincides with our results. In contrast,
A. punctatus presents the lowest FID. This may be
explained by the evolution of the coastal reef fish fishery,
where this species has been only recently included in the
fishery (Godoy et al., 2016; SERNAPESCA, 2020). If the
species presents a recent period of extraction, it may
mean that it is not yet related to a long-term constant dis-
turbance; therefore, it may facilitate tolerance and habit-
uation to this activity and present lower FID (Wheat &
Wilmers, 2016). On the other hand, our results show that
the region factor significantly predicts the variation of
FID. Although the data suggest that greater fishing activ-
ity is associated with higher fish FID, it is important to
note that this conclusion should be verified with more
refined time series and detailed data on fishing pressure
(Beckerman, 1991; Blumstein, 2016; Wilson et al., 2020).
In addition, future research could consider the impact of
social behavior (whether fish are in groups or solitary),
the type of substrate, or the activity state of the fish
(foraging vs. resting) on FID.
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Our results show the most significant interactions
between factors are the species/regions and size/regions
interactions (Figure 3). The results observed for the
species-regions interaction show that the species
A. punctatus has the lowest FIDs among all the
species for both regions. Of the three studied fishes,
A. punctatus is the least preferred by fishers mostly
because of its herbivorous habits mainly consuming the
brown kelp Lessonia, thus making the fish less edible to
humans (Caceres et al., 1994; Madin et al., 2010; Ruz
et al., 2018).

C. variegatus has higher FID in the north than in the
south; this coincides with SERNAPESCA data on levels
of artisanal landings, which are higher in the north
where there is a culture of consumption and fishing
for this species, for a longer time than in central Chile
(Godoy et al., 2016; SERNAPESCA, 2020). For P. chilensis,
the same pattern is observed as in C. variegatus; in this
case, a higher FID in the north coincides with the history
of the fishery, which spans more than six decades of opera-
tion with good records of artisanal fishery landing data for
these species (Godoy et al., 2010; SERNAPESCA, 2020). In
relation to the size/region interaction, the differences in
the FID may be because spearfishers target fish of a larger
size and ignore small fish, given the economic retribution
per unit of fishing effort (Godoy et al., 2016; Ydenberg &
Dill, 1986). It is worth noting that the “medium” sizes
would also be being incorporated into the commercial
fishery and show high FID records. Overall, our approach
in which we consider factors such as fish size, access
regime, region, species, and the interactions of fishing
zone with target sizes and species, as categorical variables,
proved useful to explore FID.

CONCLUSIONS

The results of this study suggest that spearfishing does
have a significant effect on the behavior of individuals of
the three commercial coastal fish species studied. This is
evident in the larger sizes, but it is also possible to
observe this pattern in medium-sized fishes that are also
targeted by fishers. Results suggest fish can behave and
have human-based imprinting in the development of
escape behaviors. Importantly, results also build a knowl-
edge base for the management of these species as they
allow to infer that TURFs and MPA could be effective
tools for the management and conservation of these eco-
logically important species within temperate rocky reefs.
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