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Introduction

Barracudas (family Sphyraenidae) are iconic top pelagic 
predators of tropical, subtropical and some warm temper-
ate reef habitats. Despite their ecological importance and 
economic value for commercial fisheries, sport fishing 
and leisure diving, our knowledge of their life history and 
behavior remains poor. The main exception is the great bar-
racuda (Sphyraena barracuda), which has been the focus 
of various investigations relating to their behavior (Pater-
son 1998; Wilson et  al. 2006), early life history (Auster 
et al. 2011; D’Alessandro et al. 2011; Habegger et al. 2011; 
D’Alessandro et  al. 2013), biology (Kadison et  al. 2010) 
and spatial ecology (O’Toole et  al. 2010, 2011; Hansen 
and Kerstetter 2015). In contrast, the remaining 19 bar-
racuda species were subject to only a handful of studies, 
mainly focusing on their distribution, ecology and biology 
derived either from fisheries data (e.g., Kara and Bourehail 
2003; Kozul et al. 2005; Bearez 2008; Dulcic et al. 2009; 
Villegas-Hernandez et al. 2014) or from visual observations 
(e.g., Barreiros et al. 2002; Bertoncini et al. 2010; Doiuchi 
et  al. 2011; Friedlander et  al. 2014). Consequently, the 
spatial ecology for many of these species remains poorly 
documented.

The yellowmouth barracuda, Sphyraena viridensis, 
is only known to occur in the eastern Mediterranean and 
the Macaronesian archipelagos in the northeast Atlantic 
(Azores, Madeira and the Canary Islands) and is the only 
barracuda known to these islands (Afonso 2002; Wirtz 
et  al. 2008; Brito et  al. 2002). Yellowmouth barracuda is 
the most abundant pelagic schooling predator on local off-
shore reefs and shallow seamounts in the Azores (Barrei-
ros et al. 2002; Bertoncini et al. 2010), where it is thought 
to be a migratory summer visitor (Barreiros et  al. 2002). 
Until recently, the almaco jack (Seriola rivoliana) was also 
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thought to be highly migratory, possibly emigrating from 
the Azores during the colder months. However, a recent 
investigation showed that this pelagic reef predator is resi-
dent year-round, at least on shallow seamounts (Fontes 
et  al. 2014). This finding challenges the generalized per-
ception that spatial management and the benefits of marine 
reserves are difficult to achieve for pelagic fishes, because 
the spatial protection offered by marine reserves seldom 
matches the scale of pelagic fish movements.

Many pelagic predators, including some reef fishes, can 
be found over remote seamounts (Abecasis et  al. 2009), 
which are considered hot spots of biodiversity in the open 
ocean (Pitcher et  al. 2007). Seamounts tend to accelerate 
water currents, enhancing the local flux of prey organisms, 
which in turn cause pelagic prey to aggregate and attract 
pelagic fish, seabirds and marine mammals (Morato et al. 
2008). This particular dynamic enhances productivity 
and allows seamounts to sustain larger fish communities 
than surrounding areas (Koslow 1997; Genin and Dower 
2007). Shallow seamounts may also harbor mixed com-
munities, whereby deep-sea and open-ocean fishes coex-
ist with coastal species which find there an opportunity to 
settle and survive far from coastal habitats. This is typical 
of many tropical atolls and shallow offshore reefs world-
wide (Meyer et al. 2007; Monteiro et al. 2008), but is also 
true for some warm temperate shallow seamounts (Afonso 
2002; Abecasis et  al. 2009). Considering that pelagic 
predators may be attracted to and aggregate at seamounts 
to explore the increased availability of suitable prey, it is 
worth considering whether seasonal cycles in productivity, 
prey availability and environmental conditions can affect 
seamount attractiveness for pelagic predators and influence 
long-term residency.

In this paper, we combined information from commer-
cial landings, underwater visual census and acoustic telem-
etry to investigate residency patterns of yellowmouth barra-
cuda in the Azores, exploring the seasonal, inter-annual and 
fine-scale movements at the Formigas seamount reserve. 
Understanding the short- and long-term residency patterns 
in the region and within the reserve should help to assess 
the effectiveness of seamount reserves to manage and pro-
tect pelagic fishes like the yellowmouth barracuda.

Methods

Landings

Yellowmouth barracuda is a common catch in the Azorean 
artisanal mixed coastal fishery and is caught primar-
ily using gill nets, trawling and pole-and-line with live 
bait. To search for possible seasonal trends in occurrence 
of barracuda in the fisheries catches, we analyzed the 

official landing statistics from Azorean regional fish auc-
tion authority database. All of the reported landings from 
1978 to 2011 across the nine islands were aggregated to 
obtain the total landings by season (winter, January–March; 
spring, April to June; summer, July to September; and fall, 
October to December) of yellowmouth barracuda across 
the archipelago and years.

Underwater visual census

The seasonal pattern of occurrence of yellowmouth bar-
racuda in the fishery-independent IMAR-UAz underwa-
ter visual census (UVC) program database was analyzed. 
The program uses standard belt transects conducted by 
SCUBA divers from the surface to 40 m depth at coastal 
and offshore reefs (for details, see Schmiing et al. 2013) 
across the archipelago. We selected sites for their repre-
sentativeness of habitat, which included rocky reefs at 
the Formigas and D. João de Castro (DJC) shallow sea-
mount reserve and at the islands of Corvo, Faial, Pico and 
Sta. Maria (Fig.  1). The period between July 1997 and 
November 2000 was used to produce a dataset with sur-
veys across all months. A fish species list was extracted 
for each dive at rocky reefs deeper than 10  m, and the 
presence or absence of barracuda recorded. However, the 
number of monthly censuses varied, and some months 
could not be sampled in particular year, while surveys 
at seamounts were restricted to the summer months. To 
account for the unbalanced design, (1) we averaged the 
monthly frequency of occurrence of barracuda (from spe-
cies lists per dive) from 1997 to 2000, and (2) we stand-
ardized these observations by dividing the number of fish 
lists containing yellowmouth barracuda by the total num-
ber of dives per month.

Acoustic telemetry

Study site

The seasonal and inter-annual residency of yellowmouth 
barracuda at the Formigas (FOR) shallow seamount was 
assessed using passive acoustic telemetry. The summit of 
the seamount is the sunken portion of a 5-km-wide old cal-
dera, providing about 20 ha of shallow habitat (0–100 m) 
(Fig. 1). It has three major elevations: the Formigas islets 
on the west, the Dollabarat reef on the east and the “mid-
dle reef” (26 m) in the center of the caldera. The seamount 
was declared a marine protected area in 1988 with fishing 
prohibited in its shallow (0–200 m) reefs, except tuna fish-
ing. In 2003, the whole seamount and surrounding area 
down to 1,800 m were declared a regional and international 
(OSPAR) no-take marine reserve (except for tuna fishing) 
covering a total area of 53,000 ha.
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Capture and tagging

Fishing locations were selected based on the abundance of 
bait fish, through the interpretation of echo-sounder pro-
files. Jigged barracuda were hauled slowly (ca. 0.2 m/s) to 
promote the natural release of excess gas through the gut 
and reduce the probability of swim bladder rupture. Bar-
racuda were captured by midwater (20–70  m) jigging or 
traditional surface pole-and-line using live bait [small 
(<20 cm) Trachurus picturatus].

In total, 17 yellowmouth barracuda were surgically 
implanted with ultrasonic transmitter tags (V16-4H Vemco 
Ltd., Halifax, Nova Scotia) over the three reefs of the For-
migas seamount: 13 fish (65–95 cm FL) in September 2007 
and four fish (68.5–104 cm FL) in August 2008 (Table 1). 
The tags were surgically implanted in the peritoneal cav-
ity of selected individuals while keeping fish in inverted 
position and tonic immobility with continuous seawater 
flow through the mouth and gills for the entire procedure 
(for details on tagging procedure, see Afonso et al. 2009). 
Following measurement, all acoustically tagged fish were 
tagged externally with PDS small plastic tipped dart tags 
(Hallprint, Australia) for external recognition if recaptured. 
No fish presented evident signs of barotrauma (protruded 

eyes or gut, hemorrhagic eyes or gills) (Jarvis and Lowe 
2008). Tagged fish were immediately released at the origi-
nal site of capture (Table 1), the whole handling procedure 
lasting < 4 min.

Acoustic monitoring

In August 2007, we deployed three acoustic receivers 
(VR2 W, Vemco single frequency) at Formigas, one at each 
of the three shallow reefs, at about 25  m depth (Fig.  1). 
The receivers continuously monitored the presence of any 
coded transmitters in their vicinity, logging the exact time/
date and code of a given tag when in range. Although lis-
tening range tests were not conducted at the study sites, 
similar listening ranges as observed on other Azorean 
reefs (Afonso et  al. 2008a, b) and seamounts (for details 
see Afonso et  al. 2012, 2014) of comparable characteris-
tics were assumed. These tests showed maximum listening 
range of 800 m.

Acoustic transmitters randomly emitted a coded signal 
every 60–180 s for an estimated battery life of 1470 days, 
while the total monitoring period of the receivers was 
1410 days, except for the middle reef station which stopped 
prematurely, due to failure, 1039  days after deployment. 

Fig. 1   The Azores archipelago and the Formigas Bank Marine 
Reserve (inset). Black circles represent the location of acoustic 
receivers. a, Formigas islets; b, middle reef; c, Dollabarat reef; and 

DJC, D. João de Castro bank. Bathymetric lines in the main figure 
represent the 500-m isobath
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We moored the receivers approximately 2.5  m above the 
seafloor and retrieved them by SCUBA diving to download 
stored information. We retrieved receivers once a year to 
download stored information.

Data analysis

Seasonal landings and seasonal frequency of occurrence 
were analyzed using one-way ANOVA and post hoc 
Tukey–Kramer tests to compare all pairs. All statistical 
assumptions (normality, constant variances and presence 
of outliers) were checked prior to analysis. The long-term 
acoustic data were screened for spurious detections, which 
may occur whenever signals from different coded transmit-
ter emissions collide and result in “false” detections (Heu-
pel et al. 2006). To evaluate levels of residency of tagged 
fish, we calculated detection frequency indices after Fontes 
et  al. (2014) where the total number of days a fish was 
detected by receiver x (Ix) or the whole array of receivers 
(IR) is divided by the maximum possible number of days 
that the fish could be detected. The denominator assumes 
the same value as the duration of the experiment since the 
transmitter’s predicted battery duration was longer than 
the duration of the experiment. We computed an additional 

residence index (IRD), based on the ratio between the total 
number of days a fish was detected and the number of 
days elapsed between first and last detection (Afonso et al. 
2008a). We corrected Ix by using only effective duty peri-
ods, i.e., the sum of days that individual receivers/stations 
were active (Fontes et al. 2014).

We used linear distance between stations where a given 
fish was detected as a proxy for fish mobility within the 
receiver array, and minimum monthly travelled distance 
within the array was estimated as the sum of the minimum 
linear distances travelled between the stations sequentially 
visited over 1 month. Absence periods were defined as the 
number of days between two detections of a given trans-
mitter/fish, at any station. For these analyses, we only used 
detections from September 2008 to September 2010, when 
all three shallow stations were active, in order to have the 
best available spatial cover of the seamount.

We modeled the probability of detection (i.e., residency) 
at the Formigas reserve as a function of explanatory covari-
ates, fish length, number of days at liberty, water tempera-
ture, season, surface chlorophyll-a concentration and geo-
strophic current velocity, using a generalized linear mixed 
model, GLMM (package lme4, Bates et  al. 2011) (see 
Fontes et al. 2014 for details).

Table 1   Sphyraena viridensis. 
Summary data for 17 
yellowmouth barracuda tagged 
with acoustic transmitters at the 
Formigas seamount reserve

IR, residency index (ratio of days detected/monitoring period); IRD, residency index–detections (ratio of 
days detected/days between first and last detection); IForm, residency index at Formigas reef receiver; IMiddle, 
residency index at middle reef receiver; IDoll, residency index at Dollabarat reef receiver. FL, fork length 
in cm; T. model, transmitter model; last det., last detection recorded in any active station in the Formigas 
reserve. Index values in bold indicate release site coincident with a given station

Tag ID FL (cm) Tagging site Tagging date Last det. IR IRD IForm IMidlle IDoll

2007

6663 81 Middle 09-40-07 06-24-09 0.37 0.80 0.2 0.6 0.2

6665 83 Doll 09-05-07 07-14-11 0.80 0.81 0.4 0.0 0.6

6668 83 Form 09-05-07 07-02-10 0.13 0.18 0.7 0.0 0.3

6672 83.5 Middle 09-07-07 10-17-07 0.02 0.55 0.3 0.7 0.0

6677 84 Middle 09-07-07 08-27-08 0.18 0.73 0.1 0.2 0.6

6678 76.5 Form 09-07-07 05-10-08 0.11 0.61 0.2 0.5 0.3

6679 86 Form 09-07-07 07-15-11 0.70 0.70 0.5 0.3 0.2

6680 85.5 Form 09-07-07 07-14-11 0.30 0.31 0.7 0.1 0.2

6684 83 Form 09-08-07 03-20-11 0.13 0.15 0.9 0.1 0.0

6685 72 Form 09-08-07 07-10-11 0.70 0.71 0.4 0.1 0.5

6667 95 Form 09-05-07 na

6686 65 Form 09-08-07 na

6712 91.5 Middle 09-08-07 na

2008

6689 96 Middle 08-28-08 07-11-11 0.43 0.43 0.5 0.3 0.2

6692 92.5 Form 08-29-08 07-12-11 0.22 0.22 0.7 0.0 0.2

6693 68.5 Form 08-29-08 07-10-11 0.23 0.24 0.7 0.1 0.2

6695 104 Form 08-29-08 na
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Chlorophyll-a concentration and geostrophic current 
velocity were extracted from AVISO (http://www.aviso.
oceanobs.com/en/home.html) using Arc-GIS, with the 
Marine Geospatial Ecology Tools (MGET), from a 20-by-
20 km square centered at the Formigas reserve. Tempera-
ture was measured every 30 min with a temperature logger 
(StowAway® tidbit) moored at 25 m on the Formigas rocks. 
Individual detections were binned over 15-day periods, and 
a fish was considered as being present in a given bin if at 
least two valid detections were recorded within <24 h from 
each other across the Formigas receiver network.

In this analysis, the data set from the first batch of fish 
(2007) was truncated, taking the total period of monitoring of 
the second batch (1051 days) as the cutoff point. Initially, a 
thorough data exploration was conducted (i.e., visual inspec-
tion of data distribution and possible outliers, pairwise cor-
relation of environmental covariates, variance inflation factor 
(VIF) analysis and interaction between variables) following 
Zuur et  al. (2010). All covariates except season (categori-
cal covariate) were averaged over each 15-day bin. Corre-
lated covariates were excluded from the “full model” which 
included only time post-release, fish length, season and geo-
strophic current velocity as fixed effect parameters. Tag ID 
was used as random effect to account for repetitive measure-
ments of each tag with time, and a stepwise backward model 
selection based on the minimization of the Akaike Informa-
tion Criterion (Akaike 1973) used to identify the best model. 
Finally, we applied pairwise post hoc tests (repetitive GLMMs 
that used alternate seasons as the baseline for the estimation) 
to look for differences between seasons. Bonferroni correc-
tions were used to correct the significance levels for repetitive 
testing. Statistical models and data exploration were executed 
using R software (R-Development-Core-Team 2012).

Results

Fisheries and Underwater Visual Census

Commercial catches of yellowmouth barracuda in the 
Azores were highly seasonal, with most landings occur-
ring in spring and summer (Fig.  2). The average landed 
weight of yellowmouth barracuda was significantly differ-
ent between seasons (ANOVA, F(3,4816) = 0.23; p < 0.0001) 
with average fall and winter landings significantly lower 
than spring and summer. Spring landings were lower than 
those in summer, while fall and winter landings were not 
significantly different (post hoc test, Tukey–Kramer HSD). 
In contrast, the frequency occurrence of barracuda in the 
UVC was not significantly different between seasons 
(ANOVA, p > 0.05) (Fig. 2).

Seamount residency

We detected 13 of the 17 tagged barracuda in the Formigas 
acoustic receiver array (Table 1). None of the tagged barra-
cuda were detected in any other receivers across the archi-
pelago, including those at the neighboring island of Santa 
Maria (Fig. 1).

Most fish were detected over multiple years in Formigas. 
The residency index (IR) ranged between 0.02 and 0.8 with 
an average residency of 0.33. The average individual resi-
dency period (IRD), i.e., considering only the period from 
release to the last detection was 0.5, ranging from 0.15 
to 0.81 (Table 1). Three fish (6672, 6677 and 6678) were 
detected only during the first year (Fig. 3).

Some fish were detected regularly throughout the exper-
iment or until they disappeared from the receiver array. 
Others were detected more intermittently, with variable 
absence duration, including one long absence of fish 6684 
of over 2 years (Fig. 3). However, over 90% of the absent 
periods were shorter than a week (Fig.  4). The average 
absence period was longer in the warmer months (sum-
mer and fall) than in the colder months (winter and spring) 
(ANOVA with season nested within year, F3,4  =  2.96; 
p < 0.005) (Fig. 5).

Most barracuda were detected at all the three receiv-
ers, while residency indexes were generally greater at the 
station closest to the site of tagging. Fish travelled fre-
quently among the shallow receivers, and we observed an 
increase in mobility during colder months relative to the 
warmer months (ANOVA, with season nested within year, 
F3,4 = 2.1; p < 0.05) (Fig. 6).

Fig. 2   Frequency of occurrence of yellowmouth barracuda (Shy-
raena viridensis) from underwater visual census (black columns) and 
cumulative landings in the Azores (gray columns). Numbers above 
black columns represent the number of transects performed in island 
locations (bold) and offshore seamounts (regular). Bars represent 
standard error

http://www.aviso.oceanobs.com/en/home.html
http://www.aviso.oceanobs.com/en/home.html
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Detection probability

Individual size and environmental variables had no effect 
on detection probability and were not retained in the final 
model. Season and time post-release had a significant 
effect on the detection probability of yellowmouth barra-
cuda (Table 2). Barracudas were more likely to be detected 
in winter and spring in comparison with summer and fall 
(Table 3), and detection probability was inversely related to 
time post-release.

Discussion

Here we present results of the first experimental investi-
gation into the spatial ecology of yellowmouth barracuda. 

Our observations compliment two previous telemetric stud-
ies available for the Sphyraenidae (O’Toole et  al. 2011) 
(Hansen and Kerstetter 2015), and our data provide the 
longest time series on the behavior of any barracuda spe-
cies to date.

According to the perceived wisdom of Azorean fishers, 
the yellowmouth barracuda is a migratory fish, with peak 
abundances occurring in the summer. This notion is prob-
ably derived from the strong seasonal pattern observed in 
commercial landings, which supports the argument that 
local management/conservation strategies are unlikely to 
have a significant impact. However, the UVCs data analysis 
and the telemetry experiment presented here suggest that 

Fig. 3   Detection plot of yel-
lowmouth barracuda (Sphy-
raena viridensis) tagged at the 
Formigas seamount reserve, 
illustrating periods of presence 
and absence on any given day 
over the duration of the study. 
Black circles indicate daily 
detections in all three receivers 
combined, and the doted verti-
cal line indicates the day when 
the middle reef receiver was 
deactivated
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Fig. 4   Proportion of time intervals without detections for the yellow-
mouth barracuda (Sphyraena viridensis) tagged and released at For-
migas reserve

Fig. 5   Box plots of average length of time intervals without detec-
tion by season for the yellowmouth barracuda (Sphyraena viridensis) 
at Formigas reserve. Boxes upper and lower limits represent the 25th 
and 75th percentiles, whiskers above the box indicate the 90th per-
centile, and dashed line represents the average. Dots represent the 5th 
and 95th percentiles
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the yellowmouth barracuda may be resident in the Azores. 
The seasonal pattern observed in commercial landings 
probably does not reflect the abundance of yellowmouth 
barracuda throughout the year; rather, seasonal variation in 
landings is likely driven by changes in the artisanal fleet’s 
behavior, which is known to alternate from bottom fishing 
in the cold months to pelagic fishing in the warmer months 
(Carvalho et al. 2011).

The tagging experiment showed that about two-thirds of 
the tagged individuals were long-term residents (1–4 years) 
at the Formigas shallow seamount. Four barracudas (24%) 
were never detected, possibly due to either post-release 
mortality or emigration. Although emigration is a possibil-
ity, it seems unlikely when compared to other mobile reef 
fishes tagged in similar previous telemetry studies (e.g., 
Meyer et al. 2007; Afonso et al. 2009; Fontes et al. 2014). 
As a more probable explanation, immediate post-release 
mortality (within 24 h) of these four fish would yield a pre-
mature mortality rate (23.5%) comparable to that reported 
by O’Toole et al. (2011) for the great barracuda (21%). For 
one fish detected only during the first couple of months 
after release, and a second that was apparently absent dur-
ing most of the study (almost 3 years), but which returned 
in the last year, it is possible that these two individuals emi-
grated from the seamount. Nevertheless, there is no defini-
tive proof of long-distance emigration, as both of these fish 
were never detected elsewhere in our receiver array, includ-
ing other seamounts and the neighboring island of Santa 
Maria (Fig. 1).

Although Formigas is a marine reserve, poaching is fre-
quent (personal observation) and tuna fishing with live bait 
is permitted by request. As none of the six fish that ceased 
to be recorded before the end of the study were reported as 
recaptures, we suggest that they may have been fished ille-
gally and would not have been reported.

In spite of the residency pattern, our tagged barracuda 
were frequently out of receiver detection range for short 
periods, 90% of which ranged between 1 day and 1 week. 
Although long-distance travels over short periods of time 
(82  km/day) have been reported for the great barracuda 
(Hansen and Kerstetter 2015), we suspect this is not the 
case for the yellowmouth barracuda, given the isolation 
of the Formigas reef and the lack of detections across the 
regional receiver array. During the summer months, yel-
lowmouth barracuda are known to spend most of their time 
drifting passively, alternating with shorter active periods 
pursuing prey (Barreiros et  al. 2002). Alternatively, we 
suspect that most absences may be the result of the limited 
receiver coverage at the seamount (<20% of available reef 
habitat) and, to some extent, the potential acoustic barrier 
effect caused by the islet ridge and shallow Dollabarat reef. 
If a tagged animal is on the east side of the islets, it is pos-
sible that it may not be detected by the receiver on the west 
side of the ridge. However, this effect was never tested or 
quantified.

Our findings are consistent with those found by previ-
ous studies on other pelagic reef predators in the Azores 
(Afonso et  al. 2009; Fontes et  al. 2014) and elsewhere 
(Meyer et al. 2007), suggesting that the residential nature 

Fig. 6   Box plots of monthly average distance travelled between sta-
tions, by season for yellowmouth barracuda (Sphyraena viridensis) 
from Formigas. Boxes upper and lower limits represent the 25th and 
75th percentiles, whiskers above the box indicate the 90th percentile, 
and dashed line represents the average. The dots represent outliers

Table 2   Summary of the generalized linear mixed model

Fall is used as baseline for the estimation of the categorical variable 
season and, as such, does not appear in the model summary

Estimate SE z value Pr(>|z|)

Intercept 1.4161423 0.6297784 2.249 0.0245

Time post-rel. −0.0021072 0.0003297 −6.391 1.65e−10

Season (spring) 1.2155231 0.2711230 4.483 7.35e−06

Season (summer) −0.0226625 0.2582866 −0.088 0.9301

Season (winter) 1.0975881 0.2660228 4.126 3.69e−05

Table 3   Significant differences in tag detection between different 
seasons

A Bonferonni correction for multiple testing was applied. The 5% 
significance level (p < 0.5) is corrected to p =  0.0083 (p =  0.01 is 
corrected to p = 0.00167). Significant values are printed in bold

Fall Spring Summer Winter

Fall

Spring 0.00000734

Summer 0.9303 0.00000554

Winter 0.0000368 0.660199 0.0000339
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of pelagic fishes may be more prevalent than previously 
perceived. Unsurprisingly, we noted that detection prob-
ability decreased over time, independent of individual 
size or environmental characteristics, possibly due to 
a combination of emigration, natural and fishing mor-
tality. Although yellowmouth barracuda were detected 
year-round, residency patterns and mobility within the 
reef decreased during spring and summer. Barreiros 
et  al. (2002) reported that summer schooling barracuda 
spend approximately 75% of their time drifting passively 
and the rest of the time either chasing prey or interact-
ing socially. During summer, the higher abundance of the 
barracuda’s preferred prey (juvenile blue jack mackerel 
Trachurus picturatus, as per Barreiros et al. 2002) and the 
accessibility to spawning partners in schools could reduce 
their need for longer movements. Assuming equal proba-
bility of finding tagged fishes across the entire reef, lower 
mobility should translate to longer periods of individual 
disappearance simply as a result of fewer displacements 
across the reef reducing the likelihood of encountering 
a receiver. Unlike the yellowmouth barracuda, Fontes 
et  al. (2014) using the same experimental regime found 
that almaco jacks were more mobile in the summer and 
suggested this could be related to an increase in mobility 
between core activity areas and spawning aggregations, as 
in other Carangidae (e.g., Meyer et al. 2007; Afonso et al. 
2009).

Unlike the great barracuda, which migrates offshore to 
spawn during the warmer months (O’Toole et  al. 2011), 
our data suggest that the spawning grounds of tagged yel-
lowmouth barracuda are contained within the Formigas 
reserve, since they remained in the area throughout the 
spawning season (May through August, personal observa-
tion). This finding, although based on a relatively low num-
ber of individuals, was repeated over consecutive seasons. 
These results are consistent with the findings from other 
recent investigations (e.g., Afonso et al. 2009; Fontes et al. 
2014) that suggest that pelagic predators such as barracu-
das and jacks are likely to benefit from long-term protec-
tion of these isolated seamount habitats by reducing the 
vulnerability of resident populations to overfishing and the 
protection of spawning biomass.

In conclusion, our results are consistent with the hypoth-
esis that yellowmouth barracuda is a year-round resident 
in the Azores, while small-scale mobility and detection 
probability varied between seasons and over time. Novel 
insights into the spatial ecology of the yellowmouth barra-
cuda in the Azores have strong management and conserva-
tion implications given the intrinsic higher vulnerability of 
seamount-aggregating fishes (Morato et  al. 2006; Morato 
and Pitcher 2008; Hernandez-Salas 2015) and spawning 
aggregations in particular (Sadovy and Domeier 2005; Sad-
ovy et al. 2008; Gruss et al. 2014). Our results suggest that 

seamount reserves can effectively contribute to the conser-
vation of barracudas and the behavioral data presented may 
further be applied to better regulate the seasonal and spatial 
exploitation of seamount populations.
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