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Abstract
De�ning the home range of vulnerable species is critical for designing effective spatial management
strategies. However, animal home ranges often change with ontogeny and quantifying the associated
temporal and spatial changes is particularly challenging for mobile marine species. Here, we investigate how
the space use of a top predatory reef-associated �sh (Caranx ignobilis) scales with body size. We tagged 17
individuals, representing a wide range of sizes (40.5 – 120 cm fork length (FL)), with acoustic transmitters,
and passively tracked them for over 3 years at a tropical island and atoll in the Republic of Seychelles,
Western Indian Ocean. We found that a sheltered atoll environment was critical for juvenile �sh (< 60 cm FL)
that exhibited a shift in home range location and area as they matured into adults. Small (60 – 100 cm FL)
and large (> 100 cm FL) adult �sh appeared to favour shallow coral reefs and associated reef drop offs
whilst sharing a similar core home range location. Large adult �sh, however, utilized a greater diversity of
habitat types and had signi�cantly (p < 0.05) greater annual dispersal distances (mean = 35.29 km, max =
91.32 km) than small adults (mean = 13.72 km, max = 21.55 km). Additionally, the home range (represented
by minimum convex polygons) of large adults (mean = 209.74 km2) was signi�cantly (p < 0.05) larger than
that of juveniles (mean = 38.73 km2) and small adults (77.32 km2) and there was a signi�cant (p = 0.02)
relationship between �sh length and home range size, with �sh length accounting for 32% of the home
range size variance. Furthermore, tagged �sh took up to 34 months (mean = 18.54) to utilize the full extent
of their home range. The habitat shift and expansion in home range size throughout ontogeny exhibited by
C. ignobilis in this study should be taken into account when designing effective spatial management plans
for the species.

Introduction
Home range may be de�ned as the common area an animal repeatedly uses with implications for important
ecological processes [1]. As such, de�ning and protecting a species’ home range is critical for the effective
design of spatial management initiatives for vulnerable populations [2–4]. The home range of animals,
however, is not static, and can change with ontogeny due to shifting demands associated with energetic
budgets and reproduction [1]. Typically, there is a linear increase in home range size with increasing body
size and mass, which is driven by the need to acquire additional resources to support the increased
metabolic requirements of a larger body [5]. The relationship between home range and body size may be
further complicated by various factors such as predation risk, diet shifts, habitat shifts, reproduction, and the
need to maximise food availability [6, 7].

Many �sh species undergo substantial ontogenetic change between their larval and adult stages, yet the
long term (> 1 year) spatial dynamics of home range shifts throughout these ontogenetic stages remain
poorly understood for mobile species because they cannot be observed directly [8]. Given that many large,
mobile �shes are also top predators – playing key ecological roles within the various communities that they
inhabit – an understanding of their habitat use and movement patterns is signi�cant from both
management and ecological perspectives. Such species may facilitate links between ecological processes
across various habitats with increasing frequency as they grow and become increasingly mobile [9, 10].
Understanding the relationship between body size and home range size in reef-associated predatory �sh can
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therefore provide important insights into their movement behaviour as well as allow for improved
conservation for vulnerable, ecologically and economically important species.

The giant trevally (Caranx ignobilis) is a large and mobile top predatory reef-associated �sh species
distributed throughout the tropical and sub-tropical Indo-Paci�c. Individuals can reach a maximum weight of
80 kg, total length of 1.7 m [11] and an age of at least 25 years [12, 13]. Fifty percent maturity is reached
after 3–3.5 years, at 60–65 cm fork length (FL), and they are gonochoristic broadcast spawners that may
form aggregations in early summer to spawn [14–16]. Giant trevally are apex predators and are well known
to prey on a wide variety of �sh species as well as squid and crustaceans [11, 12, 17, 18]. Juveniles often
settle into nursery areas such as sheltered bays, estuaries or atolls where they remain up to a length of at
least 40–55 cm FL [19]. Thereafter, they may move into deeper, reef-associated habitats, however, the drivers
of this behavioural and habitat shift remain unclear. It is postulated that this habitat shift may to be related
to the onset of sexual maturity and the increased energetic demands of a larger body size [19–22]. Giant
trevally are also an iconic �shery species and are prized by recreational anglers worldwide [23]. In the waters
of Seychelles, giant trevally are part of the high value catch-and-release �shery, which forms a critical part of
the Outer Island tourism sector for the Republic.

The aim of this study was to describe ontogenetic home range scaling in giant trevally. We employed
passive acoustic telemetry techniques to investigate the long-term (> 3 years) movement behaviour of giant
trevally of varying sizes on the Amirante Bank in the Republic of Seychelles, Western Indian Ocean. We
hypothesised that dispersal, habitat connectivity and home range size would increase with body size. The
�ndings of this study will aid in developing recommendations for improved conservation of giant trevally.

Methods
Study site

This study took place at D’Arros Island and St. Joseph Atoll located on the Amirante Bank in the Republic of
Seychelles, Western Indian Ocean (Fig. 1). The Amirante Bank is a shallow (typically < 40 m deep) plateau
consisting of 11 low lying sand cay islands with a total land area of 11.5 km2 [24]. D’Arros Island and St.
Joseph Atoll make up 3.03 km2 of land and are separated by a channel approximately 900 m wide and 70 m
deep. The islands contain a diversity of marine habitat types from the atoll lagoon and sand �ats to sea
grass beds (primarily Thalassodendron ciliatum), to shallow coral reef crests and deeper reef drop-offs, and
are home to a diverse �sh community [25]. The climate in Seychelles is tropical and dominated by two main
seasons. The cooler, drier southwest monsoon season occurs between May and November, and the warmer,
wetter northwest monsoon season occurs between December and March [24].

In 2020, the Republic of Seychelles gazetted various new Marine National Parks (Republic of Seychelles
O�cial, Gazette No. 5), including three on the Amirante Bank that were classi�ed as Zone 1 Parks, namely:
(1) D’Arros Atoll Marine National Park (Park includes D’Arros Island, but not St. Joseph Atoll); (2) D’Arros to
Poivre Atolls Marine National Park; and (3) Amirante South Marine National Park (seen in Fig. 1 in order from
north to south, respectively). In total, these Marine National Parks constitute an area of approximately
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1,732 km2, within which activities such as commercial �shing are regulated (speci�c regulations yet to be
con�rmed at time of writing). Additionally, the entire Amirante Bank falls within a designated Area of
Outstanding Natural Beauty (Zone 2 Protected Area) within which no commercial �shing by foreign vessels
is permitted (regulations yet to be �nalized) (Seychelles O�cial Gazette No. 5).

Habitat types across the study site were classi�ed and mapped using supervised image classi�cation of 2 m
8 band MS 16-bit orthorecti�ed WorldView-2 high-resolution satellite images from LAND INFO Worldwide
Mapping, LLC (Denver, CO, United States), created by n + p biologists (www.nplusp.ch) and copyrighted by
the Save Our Seas Foundation. Maps were created in ArcGIS 10.7 (www.esri.com/), Esri, GEBCO, NOAA,
National Geographic, DeLorme, HERE, Geonames.org, and other contributors. High resolution imagery of
D’Arros and St. Joseph were provided courtesy and Copyright of Drone Adventures for the Save Our Seas
Foundation.

Fish tagging and monitoring

Between the 27th of April and 7th of September 2016, 17 giant trevally were �tted with VEMCO acoustic
coded transmitters (Table 1). Fish were captured using standard rod and line tackle and brought onboard a
research vessel where they were submerged in a water trough, ventral side up, for the duration of the tagging
procedure. Fish less than 60 cm Fork Length (FL) were surgically implanted with VEMCO V13 1L (nominal
delay 120 s, expected battery life 1582 days) acoustic transmitters while larger �sh were implanted with
VEMCO V16 transmitters (nominal delay 60 s, expected battery life 3650 days). All transmitters were
sterilized with surgical sterilant prior to the procedure and were implanted into the peritoneal cavity of each
�sh through a 2 cm long incision which was subsequently sutured closed with two independent stiches
using a braided silk suture. The incision was then coated with an anti-septic powder forming an adhesive gel
prior to the �sh’s release. The entire capture and tagging procedure typically lasted less than 15 minutes.
Tagged �sh were monitored using an underwater acoustic receiver array consisting of 89 VEMCO VR2W
receivers located throughout the Amirante Bank (Fig. 1).

Fish size classes

Tagged giant trevally were assigned into three size classes; juveniles (< 60 cm FL), small adults (60–100 cm
FL) and large adults (> 100 cm). Fish were categorized as small adults based on the length of 50% sexual
maturity determined for the species [12]. Throughout the study period, the growth of tagged individuals was
also taken into consideration. The size class of tagged �sh was re-assessed on an annual basis and a new
size class assigned in accordance with the growth curve derived by Sudekum et al. (1991) (see
Supplementary Table 1 for reference). It was assumed that giant trevally in the tropical waters of Seychelles
grow at comparable rates to those in the similar tropical Hawaiian marine environment where Sudekum et
al. (1991) conducted their growth study, however, further investigation will be required to con�rm this
assumption. Estimates of �sh length post-tagging are therefore used only as a proxy within the present
study to compare the relative space use of these �sh, and caution should be used when applying our data to
populations of giant trevally in different locations.

Summary statistics

http://www.nplusp.ch/
http://www.nplusp.ch/
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For each tagged �sh, the number of detections recorded, the number of unique receivers that tagged �sh
recorded detections on, the total number of days detected and the number of days at liberty (from tagging
date to last detection date) was calculated. A residency index was then calculated to examine the
percentage of time each tagged individual spent within close proximity to the receiver array throughout the
entire study period. This was achieved by dividing the total number of days detected by the number of days
at liberty and multiplying by 100 for each �sh.

Habitat connectivity

Network plots were used to visualise the habitat connectivity of the three assigned size classes (juvenile,
small adult and large adult) of tagged giant trevally. Plots were constructed in ArcMAP 10.6 (ESRI, Redlands,
CA, USA), with nodes representing detection frequency and edges representing join data calculated from
receiver detections. Join counts were adjusted per size class to provide standardized and comparable
counts. This was done by dividing the total number of detections per size class by the number of individual
�sh within each size class, and presenting these results as a percentage of the total.

Dispersal distance

Measures of dispersal distance and activity space were used to investigate the spatial ecology of tagged
�sh. These metrics were calculated for each tagged giant trevally using functions provided in the ‘Animal
Tracking Toolbox’ extension to the package ‘VTrack’ [26] in the R statistical environment (version 3.4.1; R
Core Team 2017), as described by Udyawer et al. (2018). The “step dispersal” re�ected the distances
travelled by individuals between subsequent detections in the receiver array, and were calculated using the
function ‘dispersalSummary’. Step dispersal was calculated for each tagged individual relative to its size
class at the time of tagging (i.e. as per Table 1). The dispersal distance between small and large adults were
tested for signi�cant difference using a t-test.

Home range size and time to maximum occupancy

Prior to quantifying home range sizes, short term centres of activity (COAs) that represented the average
position of each �sh per hour of the study were calculated. The use of COA’s accounted for the temporally
variable tag transmissions and the spatial biases caused by receiver locations [27]. Home ranges were
examined using three activity space metrics: 1. Total area of occupancy, which was taken to be the full area
of calculated Minimum Convex Polygons (MCP’s); 2. Core home range area, which was de�ned as the area
in which individuals spent more than 50% of their time based on Brownian bridge movement models; 3. The
extent of activity space, which was de�ned as the area in which individuals spent more than 95% of their
time based on Brownian bridge movement models. All home range analyses were conducted using the
function “HRSummary” in the package “VTrack” and accounted for the mean detection radius recorded for
the receiver array employed in this study (approximately 165 m, Lea et al. 2016). Individual home range plots
were then compiled in layers for each size class (juvenile, small adult and large adult) for Fig. 7. A t-test was
employed to test for signi�cant differences between all home range results from small and large adults. The
rate at which individuals utilized their home range was also investigated. For each individual, the maximum
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occupancy area (represented here by 100% MCP) was calculated on a monthly basis. The time taken for
each individual to occupy 100% of its home range was then calculated and compared among size classes.

Home range size and �sh length

A two-step process was followed to investigate the relationship between home range size and �sh length.
Firstly, a linear model was used to examine how the maximum occupancy area for the �rst year of
monitoring for each �sh varied relative to initial �sh length. The signi�cance of �sh length in this
relationship was assessed using an F-test at an alpha level of 0.05. Secondly, the maximum area of
occupancy, calculated annually for each �sh for each year of the study, was compared with both initial (year
1) and predicted (years 2 and 3) �sh length as calculated using the growth curve described above. A general
linear mixed model (GLMM) that included �sh ID as a random effect was used to assess the signi�cance of
the relationship in this latter case, and the signi�cance of �sh size examined with a chi-squared test through
the anova() function. Marginal and conditional R2 values were subsequently calculated for the GLMM using
the function ‘r.squaredGLMM’ from the package MuMIn [28] to quantify the proportion of variance explained
by �sh length alone, and by �sh length and �sh ID collectively, respectively. These analysis were conducted
using the ‘lme4’ package in R [29, 30], and, for both models, values of maximum occupancy area were
logged prior to analysis to ensure the underlying assumptions of normality were met.

Results
Tagging

The 17 tagged giant trevally (four juveniles, eight small adults, �ve large adults) ranged in size from 40.5 to
120.0 cm (mean ± SD = 82.32 ± 24.59 cm) and were monitored for between 2 and 1259 days (mean ± SD = 
759.82 ± 491.58 cm; Table 1). During this period, individual �sh were recorded between 115 and 100 430
(mean ± SD = 12 536.82 ± 23 279.10) times on 1 to 36 (mean ± SD = 23 ± 11) of the 89 acoustic receivers
used for the study (Table 1). All of the detections for �sh ID 1 (40.5 cm FL; Juvenile) were recorded
consistently on a single receiver suggesting that the �sh died after tagging. An additional 2 juvenile �sh (ID 2
and 4) were only detected for 3 and 12 days, respectively, and were also presumed to have been lost to post
release mortality or predation (Table 1). These three individuals were subsequently removed from any of the
proceeding analyses. The residency indices for tagged �sh ranged between 46.5 and 93.75% (mean ± SD = 
67.82 ± 13.96%) (Table 1). Seven of the 17 tagged �sh were detected for more than three years over the
study period between 2016 and 2019, whilst �ve �sh were recorded for between one and two years and four
�sh (three juveniles and one adult) were recorded for less than 1 year (Fig. 2).
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Table 1
Tagging and detection summary for giant trevally �tted with acoustic transmitters.

Fish

ID

Fork
length
(cm)

Initial
Size

class

Release
date
(d/mo/yr)

No.
detections

No.
unique
receivers

Days
detected

Days
at
liberty

Residency
index (%)

1* 40.5 Juvenile 27/04/2016 100430 1 567 595 NA

2* 42.5 Juvenile 03/05/2016 151 5 3 3 NA

3 45.0 Juvenile 04/05/2016 9979 36 425 914 46.50

4* 47.0 Juvenile 05/05/2016 115 6 12 12 NA

5 72.5 Small
Adult

05/05/2016 10282 30 671 1225 54.78

6 77.0 Small
Adult

07/05/2016 5356 36 404 707 57.14

7 86.0 Small
Adult

09/05/2016 6012 21 755 1252 60.30

8 89.0 Small
Adult

09/05/2016 3886 22 370 629 58.82

9 90.0 Small
Adult

09/05/2016 21139 24 817 1251 65.31

10 92.0 Small
Adult

09/05/2016 13153 27 771 1259 61.24

11 93.0 Small
Adult

11/05/2016 7266 29 814 1246 65.33

12 93.0 Small
Adult

12/05/2016 5615 29 751 1227 61.21

13 101.0 Large
adult

12/05/2016 130 16 18 25 72.00

14 103.0 Large
adult

04/05/2016 9764 20 280 314 89.17

15 103.0 Large
adult

07/09/2016 5579 25 634 797 79.55

16 105.0 Large
adult

07/09/2016 2737 22 210 224 93.75

17 120.0 Large
adult

14/07/2016 11532 32 1046 1239 84.42

Mean 82.32     12536.82 23 502.82 759.82 67.82

SD 24.59     23279.10 11 319.37 491.58 13.496
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Fish were assigned to three size classes based on the measured fork length at the time of capture. Asterisks
indicate individuals likely to have suffered post-release mortality.

Habitat connectivity

Juvenile giant trevally (< 60 cm FL) tagged at St. Joseph Atoll (n = 4) exhibited restricted movements away
from tagging sites, with the majority of their detections occurring within, and on the margins of, the atoll
lagoon environment (Fig. 3). However, considering the short detection period for two of these �sh (IDs 2 and
4) and the mortality of a third individual (ID 1), movements of this size class are largely representative of a
single �sh (ID 3). Nevertheless, substantial data (9,979 detections over 425 days) were recorded for this
individual, which showed limited movements within the atoll lagoon during the �rst year of monitoring.
When detected within the bounds of St. Joseph Atoll, this �sh made extensive use of the atoll lagoon and, to
a lesser extent, the sand �ats and sea grass habitats. One hundred and �fty days after tagging, this
individual was recorded on one receiver approximately 13 km to the south west on the shallow Amirante
Bank (Fig. 3), where it was detected on 17 occasions over a period of 12 days. Following this excursion, the
�sh returned to the con�nes of the atoll.

Small adult �sh (60–100 cm FL) were detected around D’Arros Island and the north-western boundary of St.
Joseph Atoll, with the highest occurrence recorded on the eastern side of D’Arros Island in the channel
opposite St. Joseph Atoll, as well as along the northern edge of the Atoll (Fig. 4). These �sh primarily used
the shallow coral reef crest and reef drop off habitats of the island and atoll margins. They occasionally
used the atoll sand �ats but were never detected within the atoll lagoon (Fig. 4). Furthermore, they appeared
to undertake occasional movements across the broader Amirante Bank within 31 km of D’Arros Island and
St. Joseph Atoll (Fig. 4). Fish tagged at D’Arros Island were detected at St. Joseph Atoll and visa versa,
highlighting the connectivity between these islands across a deep (70 m) channel spanning a 1 km gap
between D’Arros Island and St. Joseph Atoll.

Similar to the small adult �sh, the large adult giant trevally (> 100 cm FL) were detected in habitats
associated with D’Arros Island and the north-western boundary of St. Joseph Atoll, with the highest number
of detections recorded on the eastern side of D’Arros Island in the channel opposite St. Joseph Atoll (Fig. 5).
Large adults were mostly recorded at the coral reef crest and reef drop off habitats on the island and atoll
margins, but also used the atoll sand �ats, sea grass and lagoon habitats. Furthermore, these individuals
made greater use of the broader Amirante Bank than the smaller adult �sh, travelling to almost all of the
outer islands on the Bank and covering distances of up to 88 km from the tagging location (Fig. 5). Notably,
no movements were recorded at the nearby Desroches Island, approximately 40 km away, which is
separated from the Amirantes Bank by a oceanic trench more than 1000 m deep (Fig. 1).

Dispersal distance

The annual dispersal step distance of each �sh categorized by size class ranged between 4.78 and
91.32 km (Fig. 6, Table 2). The only juvenile �sh that recorded a full year of data (ID 3) exhibited a maximum
step dispersal of 17.35 km during the �rst year of monitoring before it transitioned into the small adult size
class (60–100 cm FL) in its second year. The mean small adult step dispersal distance was 13.72 (SD = 
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5.34) which was signi�cantly less (p < 0.05) than the mean step dispersal distance of 35.29 (SD = 31.18) of
the large adult size class (Table 2). Many small adult �sh that transitioned into large adults during the study
period exhibited an increase in the step dispersal distance with length (see ID 9 and 10), although this was
not always the case (see ID 12; Table 2).

Home range size

The annual core home range size of tagged �sh, calculated using the 50% Brownian bridge kernel utilization
density, ranged between 0.44 km2 and 9 km2 with mean core home range size of 2.35 km2 for juveniles,
4.06 km2 for small adults and 3.58 km2 for large adults (Table 2). The annual activity space of tagged �sh,
calculated using the 95% Brownian bridge kernel utilization density, ranged between 1.36 km2 and
255.89 km2. The mean annual activity space calculated for each size class was 41.37 km2, 72.65 km2 and
92.24 km2 for juveniles, small adults, and large adults respectively (Table 2). The annual home range of
tagged �sh represented by their occupancy area (MCP) ranged between 26.18 km2 and 678.71 km2 with a
mean occupancy area of 38.73 km2 for juveniles, 77.32 km2 for small adults and 209.74 km2 for large
adults. There was no signi�cant difference in the annual core home range or activity space between small
and large adult �sh (p > 0.05), however, large adults had a signi�cantly (p < 0.05) larger annual occupancy
area.
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Table 2
Annual dispersal distance and home range metrics for tagged giant trevally.

Fish
ID

Obs.

Year

Fork
length

(cm FL)

Size
Class

Dispersal

Max
(km)

bbKUD (km2)

Core Range

bbKUD
(km2)

Activity
Space

Occupancy Area
(MCP) (km2)

3 1 45.0 Juvenile 17.35 2.35 49.37 38.73

3 2 61.10 Small
Adult

18.09 2.61 33.97 93.66

5 1 72.50 Small
Adult

14.22 2.37 84.74 82.61

5 2 85.71 Small
Adult

10.67 6.37 95.67 77.34

5 3 97.54 Small
Adult

8.82 3.61 73.18 70.00

6 1 77.00 Small
Adult

16.05 6.33 82.99 125.71

6 2 89.74 Small
Adult

8.95 4.61 51.41 60.78

7 1 86.00 Small
Adult

21.55 3.34 79.99 65.17

7 2 97.79 Small
Adult

20.77 5.54 138.81 55.73

7 3 108.35 Large
Adult

31.19 3.13 89.60 83.52

8 1 89.00 Small
Adult

7.30 3.80 50.32 53.69

8 2 100.48 Large
Adult

6.27 5.31 37.55 27.75

9 1 90.00 Small
Adult

19.93 3.19 74.34 106.06

9 2 101.37 Large
Adult

12.23 3.45 110.16 58.90

9 3 111.55 Large
Adult

60.24 9.00 255.89 327.08

10 1 92.00 Small
Adult

8.84 4.42 80.02 63.82

10 2 103.16 Large
Adult

10.00 8.63 171.67 53.48
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Fish
ID

Obs.

Year

Fork
length

(cm FL)

Size
Class

Dispersal

Max
(km)

bbKUD (km2)

Core Range

bbKUD
(km2)

Activity
Space

Occupancy Area
(MCP) (km2)

10 3 113.16 Large
Adult

22.94 8.32 229.03 101.56

11 1 930 Large
Adult

25.15 1.92 71.92 162.58

11 2 1040.6 Large
Adult

52.71 3.77 114.36 224.70

11 3 1139.57 Large
Adult

19.90 6.13 94.36 112.14

12 1 93.00 Small
Adult

9.47 2.53 26.33 73.27

12 2 104.06 Large
Adult

9.55 3.01 36.40 69.78

12 3 113.96 Large
Adult

7.70 2.17 25.72 48.52

13 1 101.00 Large
Adult

84.47 2.89 210.02 654.13

14 1 103.00 Large
Adult

20.14 1.26 55.57 114.66

15 1 103.00 Large
Adult

19.64 2.76 38.86 114.16

15 2 113.09 Large
Adult

33.35 2.89 78.53 77.69

15 3 121.97 Large
Adult

4.78 0.44 3.97 26.18

16 1 105.00 Large
Adult

12.85 2.08 16.16 88.02

17 1 120.00 Large
Adult

91.08 1.13 41.25 520.53

17 2 128.22 Large
Adult

91.32 2.25 217.23 678.71

17 3 135.58 Large
Adult

90.24 1.13 26.56 650.68

Juvenile Mean 17.35 2.35 49.37 38.73

Small adult Mean (SD) 13.72 (5.34) 4.06 (1.41) 72.65
(29.94)

77.32 (21.65)
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Fish
ID

Obs.

Year

Fork
length

(cm FL)

Size
Class

Dispersal

Max
(km)

bbKUD (km2)

Core Range

bbKUD
(km2)

Activity
Space

Occupancy Area
(MCP) (km2)

Large Adult Mean (SD) 35.29 (31.18) 3.58 (2.57) 96.24
(78.68)

209.74
(226.16)

Minimum 4.78 0.44 1.36 26.18

Maximum 91.32 9.00 255.89 678.71

Note that a growth curve was used to assign tagged �sh an annual size class (see Supplementary Material
1). Core home range (50% contour) and activity spaces (95% contour) were calculated using Brownian
bridge kernel utilization densities (bbKUD). Occupancy area (representative home range) was calculated
using Minimum Convex Polygons (MCP’s). No home range metrics were calculated for �sh that were at
liberty for less than 30 days.

Home range size and �sh length

The results of the linear model indicated a signi�cant positive relationship (F1,13 = 7.84, p = 0.02) between
the log-transformed maximum occupancy area (represented by the 100% Minimum Convex Polygon area)
and �sh length during the �rst year of monitoring (Fig. 8A), with �sh length explaining 32.8% of the variation
in the data. The linear mixed model revealed a similar signi�cant relationship between �sh length and
logged maximum occupancy area (χ2 = 4.25, df = 1, p = 0.04; Fig. 8B) when compared to the null model. Fish
length explained 13.04% of the variation in the data (marginal R2 = 0.13), whereas the combination of �sh
length and �sh ID (n = 14) explained 0.70% (conditional R2 = 0.70).

Time to maximum occupancy

The time it took tagged �sh to reach the maximum total area of occupancy, represented by the Minimum
Convex Polygon (MCP) area (km2) ranged between 7 and 34 months (Mean = 18.5 months) (Fig. 9). This
suggests that area use increases gradually as tagged �sh took at least one and a half years to use the
complete extent of their home range.

Discussion
When investigating spatial protection for �sh and their associated habitats, many studies have considered
home range size and egg and larval dispersal of the species concerned (inter alia [31, 32]). However, few
studies have considered the implications of changes in home range size that occur with ontogeny, especially
for more mobile species. In this study we show that for giant trevally (Caranx ignobilis), a top reef predator
and an iconic �shery species, habitat connectivity, dispersal distance and home range size increases
signi�cantly with �sh size. Additionally, the type of habitat used by adults differs fundamentally from the
more sheltered nursery habitats used by juveniles. This has important implications for spatial management
of the species and the habitats that it frequents.
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Detection summary

Seven out of the 17 tagged �sh in this study were monitored for the full period of this study (3.5 years)
representing some of the longest tracked and monitored giant trevally on record [10, 16, 33]. Additionally,
tagged �sh ranged in size from 45 to 135 cm (calculated size) representing the largest range in size of
tracked �sh as well as some of the largest giant trevally tracked on record [33, 34]. The overall detection
frequency and residency index of tagged �sh within the receiver array at the study site was relatively high
(mean = 67.82) and similar to previous studies [10, 34] suggesting that the receiver array at the study site
provided good coverage of the movements of this species (Fig. 2, Table 1).

Habitat connectivity

Although we had a limited sample size of juveniles to thoroughly investigate the habitat use of this life
stage, evidence from this study appears to support previous research, highlighting the importance of
sheltered habitats for juveniles before they disperse and move between habitats over broader spatial scales
when reaching approximately 50–60 cm in fork length [19, 20]. Sheltered bays, lagoons and estuaries often
form a critical nursery environment for juvenile �shes as these habitats provide shelter, food and relatively
low predation risk [35]. Indeed, the sheltered habitat provided by the St. Joseph Atoll lagoon may play a key
role for many �sh species that exhibit ontogenetic migrations between a sheltered nursery habitats to more
exposed coral reef dominated ecosystems [36]. Such nursery habitats can play a critical role in the structure,
diversity and biomass of associated �sh communities and it appears that St. Joseph Atoll may be
particularly important for giant trevally recruitment as it is one of only a few sheltered habitats within the
broader region [37, 38].

The transition from juvenile to adult habitat use in giant trevally appeared to be characterized by a
substantial shift in habitat type from an atoll lagoon to a coral reef environment. Many species undertake
ontogenetic migrations and transition out of one habitat to another as their requirements for shelter, food
and reproduction change [1, 5, 7, 39]. Indeed, the distinct change in habitat use recorded between juvenile
and adult phases in this study suggests the occurrence of a shift in the functional phase of the �sh. This is
supported by the fact that there was a 4 to 5 fold increase in home range size (as measured by the core
range, activity space and occupancy area) from the juvenile to small adult phase which coincided with the
use of new habitat types (Table 2, Fig. 4). Such a rapid increase in the area occupied by �sh and associated
habitat shift may be linked to attaining a size threshold where predation risk decreases substantially [8, 40].
As giant trevally grow into adults they would have less risk of predation from the many top predatory sharks
present at the study site known to prey on small reef �sh including juvenile giant trevally [41–43]. Such a
release of predation risk is probably an important factor determining the timing of the transition between
juvenile and adult habitat for giant trevally [40, 44]. Additionally, the transition from the juvenile habitat to
adult habitat occurs close to the size at sexual maturity (60 cm) and it is likely that reproduction is also a
key driver of this shift. Such an ontogenetic step change in area use and habitat type, as observed in this
study, is indicative of shift into maturity driven by reproductive demands [8].

Large adults appeared to connect a wider diversity of habitat types from shallow reefs, atoll sand �ats and
lagoons to broad ranging excursions throughout the Amirante Bank (Fig. 5). Both small and large adults
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appeared to share a common central area of use with similar core habitat types with a diverse and
productive marginal coral reef around D’Arros and St. Joseph as well as the deep channel between these
islands which has been observed to be an especially productive feature utilized by other large reef �sh at the
study site [24, 25, 45]. Thus, it appears that this core area meets the trophic demands of all small adult �sh,
but potentially not the large adult �sh which range throughout the Amirante Bank [18]. By the end of the
monitroing period the largest adult �sh would have weighed in excess of 40 kgs (maximum size �sh ID 17
was calculated to measure 135.5 cm or 48 kg in year 3) and as such, represented a large-bodied top predator
with substantial dietary demands. To full�l their energetic requirements, these large adult �sh likely need to
range further than smaller adults to locate su�cient feeding opportunities. Similar wide ranging movements
driven by foraging are observed in many other species and often occur as these animals need to increase
their prey encounter rates [1, 46].

Dispersal distance

The maximum annual step dispersal distance recorded by a juvenile giant trevally (ID 3) appeared to be
representative of the single foray out of St. Joseph Atoll (Fig. 3). This excursion was likely the start of the
�sh’s transition to an adult environment as the �sh attained over 60 cm FL within the �rst year of monitoring.
Unfortunately, due to post release mortality, the annual maximum dispersal distances of the other juvenile
�sh tagged in this study could not be determined but observations con�rmed that juveniles are likely
con�ned to the atoll lagoon habitat. The observed signi�cantly (p < 0.05) greater annual mean step dispersal
distances exhibited by large adults was most likely driven by foraging demands as discussed previously.
Interestingly, for those small adult �sh that were tracked over multiple years, some �sh increased their
maximum dispersal substantially as they grew (�sh ID 9 and 10) whilst some others appeared to maintain
relatively similar maximum dispersal distances over the monitoring period (�sh ID 12). This may re�ect
some individual differences in habitat use. For �sh ID 17, the recorded annual maximum step dispersal
distance remained constant (year 1 = 91.08, year 2 = 91.32, year 3 = 90.24) highlighting the mobility of this
large adult �sh and it suggests that the extent of the receiver array may not have been large enough to
capture this �sh’s true maximum dispersal distances. Indeed, giant trevally have been tracked undertaking
return migrations to and from spawning aggregations of over 1200 km emphasizing the remarkable
dispersal capabilities of this species [16]. However, tagged �sh remained on the Amirante Bank and did not
cross the deep channel (oceanic trench) separating the bank from Desroches Island, approximately 40 km
away. Hence, it is possible that the maximum dispersal distance is restricted to the extent of the Amirante
Bank and that dispersal is limited by deep water (> 1000 m) as �sh may not cross deep open ocean. It is
however possible that early life history stages (eggs and larvae) are transported between the bank and other
other island because evidence from genomic work indicate a panmitic population throughout the southwest
Indian Ocean (JR Glass, pers comm).

Home range

The overall annual core home range (0.44–9.31 km2) and activity space (1.36–255.89 km2) calculated in
this study was orders of magnitude greater than the monthly core range (0.0001–0.016 km2) and activity
space (0.004–0.062 km2) of giant trevally monitored at a coral reef in Australia [34]. Although, this may
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simply re�ect the different time scales (annual vs monthly) and the different spatial extent of the respective
receiver arrays. However, giant trevally in both studies did appear to exhibit a persistent core area of habitat
use representing a key habitat and site attachment. The size of the core range and activity space between
small adult and large adult was not signi�cantly different (p > 0.05), however, there was a signi�cant (p < 
0.05) increase in the maximum occupancy areas between small (92.74 km2) and large (207.57 km2) adult
�sh. The similar core ranges of small and large adult �sh most likely represent an overlapping key habitat
whilst the increase in maximum occupancy areas between small and large adults appears to be driven by
the increased dispersal distance undertaken by large adults.

In comparison to many other coral reef-associated teleosts, the home range size calculated for giant trevally
in this study (represented by the total occupancy area, Table 2) was substantially larger [47] (see
supplimentary Table S1 therein). In fact, the total occupancy area of large adult giant trevally was more
similar to and or greater than several large bodied shark species (Negaprion acutidens, Carcharhinus
melanopterus and Carcharhinus amblyrhyncos) monitored at the same study site [42]. This highlights the
ecological role played by adult giant trevally as a top predator linking ecological processes over large spatial
scales. Indeed, the trophic position of giant trevally was recently found to be equivalent to many top
predatory shark species con�rming its role as an apex predator within their respective marine communities
[18].

Home range scaling

As animals requirements for resources increase with body size, an increase in home range size typically
occurs [1]. However, this relationship is complicated by predation risks and reproductive demands. For some
reef �sh, the social status linked to reproduction limits the home range of mature adults and breaks down
the relationship between �sh size and home range area [8, 45]. However, giant trevally do not have such
reproductively driven social and territorial constraints, other than the need to aggregate annually to spawn.
Previously, giant trevally have been recorded travelling over 1200 km between annual spawning aggregation
events [16]. Therefore, the observed relationship between �sh length and home range area (Fig. 8) is likely
driven by foraging events as the metabolic demands of larger �sh increase with size and they range further
in search of prey [18]. However, �sh size only explained 33% of the home range size variance in the linear
model, suggesting that other factors are also important determinants of home range size for this species.
Besides the step change in home range location and size from juveniles to adults, likely driven by reduced
predation risk and maturation, individual foraging strategies and learned behaviour may also play an
important role determining the home range of these �sh. Results from the linear mixed model also revealed
a strong in�uence of individual ID (57% deviance explained) on reported maximum occupancy area in
comparison to the effect of �sh size (13% deviance explained). This is likely due to the relatively small
cohort of tagged �shes available in this study, the tagging bias towards small and large adults (due largely
to post-release mortality occurring in juveniles) and a reliance on original length measurements to estimate
future �sh growth and sizes throughout the monitoring period. In order to further re�ne the current
understanding of spatio-temporal home range scaling in giant trevally relative to size, future studies should
aim to increase the number of tagged �shes and ensure an even distribution of tags across ontogenetic
stages throughout the entire monitoring period.
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Time to maximum occupancy

The time it took individual �sh to reach their total area of occupancy varied between 7 and 34 months
suggesting that individual �sh may expand their home range size over variable and long periods of time
(Fig. 9). For example, large adult �sh ID 12 rapidly (6 moths) utilized its total area of occupancy whilst large
adult �sh ID 10 took 28 months to utilize its total area of occupancy. Although both these �sh were large
adults, presumably with similar metabolic requirements, it suggests that individuals may adopt new
foraging strategies based on learned behaviour or changing prey availability over time [48]. Further research
is required to better understand how important learned behavior and individual foraging strategies are in
determining �sh habitat use and home range size. Nevertheless, this study con�rmed that the maximum
extent of a �sh’s home range size may only be recorded after long periods (at least 18 to 34 months). This
highlights the need to carefully consider the duration of the monitoring period and the spatial extent of
receiver arrays for acoustic telemetry studies that aim to de�ne the full extent of space use and home ranges
of mobile aquatic species.

Implications for conservation

This study highlighted the importance of sheltered habitat within the St. Joseph Atoll as a nursery area for
giant trevally in the region and con�rmed that the juvenile and small adult core areas of habitat were
spatially separate. The sheltered habitat of St. Joseph Atoll likely plays a critical role in recruitment success
of giant trevally, as well as many other nursery dependent reef �sh species and should thus be prioritised for
conservation [37, 38]. For example, the protection of St. Joseph Atoll lagoon, reef �ats and associated coral
reef crests and drop offs will also protect critical habitat for Endangered humphead wrasse and other
vulnerable species that frequent this unique habitat [41, 42, 45]. However, as highlighted in this study,
prioritising the protection of St. Joseph Atoll should be done together with the surrounding marine
environment to promote ecological processes and facilitate demographic and geographic linkages [9, 31].
This study has shown that giant trevally are capable of wider ranging movements than previously reported
[33, 34, 49, 50] and to effectively protect the core range and activity space of adults, a protected area of at
least 72.65 km2 of suitable habitat would be required. Additionally, to account for the dispersal distances
and total area of occupancy of large adults, such a protected area would need to encompass at least
168.36 km2, but up to 678.71 km2, representing the maximum recorded occupancy area of a tagged large
adult giant trevally. Protecting such vast areas represents signi�cant challenges for management and
enforcement but the information garnered in this study can be used to help prioritise effective conservation
measures [51]. The newly proclaimed Marine National Parks in Seychelles are a positive step towards large
protected areas which may incorporate large portions of habitat of wide ranging species (Fig. 1, Seychelles
O�cial Gazette No. 5). Additionally, we recommend that St. Joseph is prioritised for conservation with a ban
on consumptive �shing and that further research is conducted into identifying the potential spawning
aggregation sites within the recorded activity space of tagged adult �sh. In order to maximise the
effectiveness of such a protected area, we suggest expanding it from St. Joseph Atoll to include the
associated habitat of co-occuring endangered and vulnarable species to encompass an area of at least
72.65 km2 around St. Joseph Atoll.
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Summary

This study has con�rmed that giant trevally exhibit an increase in space use area with increasing body size
supporting our primary hypothesis. An important driver of a shift in home range location and area / habitat
type from the juvenile to adult phase appeared to be a release in predation risk and a shift to sexual
maturity. The core activity space of small adult and large adult �sh was largely similar but the maximum
dispersal distance and occupancy area of large adult �sh was substantially greater than that of small adult
�sh, probably driven by foraging excursions as the metabolic needs of such large �sh increase. The study
also found that the home range of giant trevally at a tropical island and atoll marine ecosystem was larger
than previously reported [33] and that individually tracked �sh took long periods of time (mean = 18.54
months) to utilise the full extent of their activity space. These �ndings indicate that in order to effectively
conserve this iconic and ecologically important top predatory �sh, the conservation of sheltered nursery
areas should be prioritised and that the extent of small and large adult home ranges and dispersal distances
need to be taken into consideration.
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Figures

Figure 1

This study took place at D’Arros Island and St. Joseph Atoll in the Amirante Islands, Republic of Seychelles.
Seventeen giant trevally were �tted with acoustic transmitters and passively monitored between 2016 and
2019 using an array of 89 acoustic receivers located throughout the Amirante Bank. Shaded blue
surrounding shallow reef habitat represents deep water (>3 m deep). Note: The designations employed and
the presentation of the material on this map do not imply the expression of any opinion whatsoever on the
part of Research Square concerning the legal status of any country, territory, city or area or of its authorities,
or concerning the delimitation of its frontiers or boundaries. This map has been provided by the authors.
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Figure 2

Summary of 14 tagged giant trevally detections across the Amirante Bank, Seychelles, acoustic receiver
array between 2016 and 2019. Colour bar indicates the latitude (˚South) of receivers that recorded the
detection from tagged �sh.
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Figure 3

Network plot showing the habitat connectivity of juvenile giant trevally (<60 cm FL) tagged at St. Joseph
Atoll and monitored between 2016 and 2019.
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Figure 4

Network plot showing the habitat connectivity of small adult giant trevally (60 – 100 cm FL) across the
Amirante Bank, Seychelles, acoustic receiver array between 2016 and 2019.
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Figure 5

Network plot showing the habitat connectivity of large adult giant trevally (> 100 cm FL) across the Amirante
Bank, Seychelles, acoustic receiver array between 2016 and 2019.
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Figure 6

Annual range, mean and maximum dispersal step distances for each acoustically tagged giant trevally
within the Amirante acoustic array, Seychelles. Open circles represent mean dispersal step distance, �lled
dots represent outliers (> 1.5 x interquartile range). Colour represents initial size class for each individual at
capture (ID numbers in bold) and the estimated size class in subsequent years after accounting for �sh
growth (fork length, FL).
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Figure 7

Individual layered home range plots for juvenile (< 60 cm FL), small adult (60 – 100 cm FL) and large adult
(>100 cm FL) giant trevally acoustically tagged in the Amirante Islands, Seychelles. The extent of the home
ranges are represented by Minimum Convex Polygons (MCP; solid black lines). Brownian bridge kernel
utilization density (bbKUD; see legend) contours are used to de�ne the core home range (50% contour) and
activity space (95% contour) of each size class.
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Figure 8

Results of a linear model (A) and linear mixed model (B) showing that there is a signi�cant (p = 0.02 and p =
0.04, respectively) relationship between �sh length and log home range area (as represented by Minimum
Convex Polygon area) during the �rst year of monitoring (A) and when �sh length is estimated over time (B).
Circles represent initial fork length (FL) measurements of tagged �shes and triangles represent length
measurements derived from a growth curve. Blue represents juveniles (< 60 cm FL); Yellow represents small
adults (60 – 100 cm FL); Red represents large adults (> 100 cm FL).
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Figure 9

Plots showing the time (post tagging) that it took for each tagged giant trevally to reach 100% of their
calculated home range (represented by Minimum Convex Polygon plots).

Supplementary Files

This is a list of supplementary �les associated with this preprint. Click to download.

Supplementarymaterial.docx

https://assets.researchsquare.com/files/rs-95443/v1/a27aa0eb65d40b43e4299365.docx

