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TELEMETRY CASE REPORT

Home range characteristics and diel patterns 
in space use of mutton snapper, Lutjanus analis, 
in St. Thomas, US Virgin Islands
Sarah L. Heidmann1* , Jonathan Jossart2, Melissa Kimble3 and Richard S. Nemeth1 

Abstract 

Background: The movement ecology of mutton snapper Lutjanus analis is poorly understood despite their ecologi-
cal and economic importance in the Caribbean. Passive acoustic telemetry was used to determine home ranges 
of six adult L. analis, including diel patterns, in Brewers Bay, St. Thomas, US Virgin Islands. Understanding long-term 
space use, including site fidelity and habitat usage, is necessary to implement effective and appropriate management 
actions for a species with extensive space and resource needs.

Results: Individual L. analis were tracked over an average period of 316 days (range 125–509 days) and showed high 
site fidelity to relatively small home ranges (mean ± SD: 0.103 ± 0.028  km2, range 0.019–0.190  km2) and core use areas 
with low overlap among individuals. Most home ranges had a habitat composition dominated by seagrass and to a 
lesser degree, coral reef and/or pavement. Nighttime activity spaces were distinct from but contained within daytime 
areas.

Conclusions: Mutton snapper showed strong site fidelity to home ranges in Brewers Bay. Two individuals that were 
absent from the array for more than a few hours were detected at separate arrays at spawning aggregation sites. This 
study expands upon knowledge of mutton snapper home range characteristics, highlights the importance of main-
taining adjacent high-quality habitat types in any spatial management plan, and encourages the adoption of other 
types of management strategies, particularly for transient-aggregating species.
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Background
The movement patterns of animals examined in the con-
text of their surroundings reveal central aspects of their 
life history and resource needs. Coral reef fish, in particu-
lar, live in highly heterogeneous environments, making 
diel movements between habitat types in order to bal-
ance predation risk, foraging benefits, and competition 
avoidance [1]. The mosaic of habitats inhabited by a fish 
comprises their home range, an area regularly utilized for 

feeding and shelter [2]. Analysis of reef fish movement 
patterns demonstrates direct connectivity across differ-
ent habitat types for certain reef fish families in strategies 
aligning with their life history needs [3].

Passive acoustic telemetry is well-suited to study gen-
eral long-term, coarse-scale movement patterns and 
space utilization [4]. It has no effect of observer pres-
ence, allows the tracking of many fish continuously over 
a long period of time [5, 6], and movement patterns can 
be linked to other environmental variables such as tem-
perature or tidal phase [7]. This technology can help 
identify important parameters of fish ecology and life his-
tory, such as diel changes in space use [1, 3, 8, 9], habitat 
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association [10, 11], site fidelity [12], residence time [13], 
and seasonal migrations [14].

Members of the coral reef-associated fish family Lut-
janidae have been shown to have high site fidelity and a 
relatively small home range [3, 10], so their movements 
should display a strong association with a small area 
within their home range. Lutjanid abundance is higher in 
specific edge habitats, such as areas with abundant patch 
reefs and large amounts of seagrass [15, 16], presum-
ably because the proximity of usable resources signifies 
higher-quality habitat than structure alone [17]. Lutjanids 
and Haemulids have been shown to predictably use mul-
tiple habitats within a day, performing diel movements 
between coral reefs, where they shelter during the day, 
and seagrasses, where they forage at night [1, 3, 13, 18]. 
Therefore, an individual’s home range would be expected 
to contain a large proportion of each of these habitats, 
with daytime and nighttime activity spaces dominated by 
coral reef and seagrass habitats, respectively.

Mutton snapper, Lutjanus analis (Cuvier, 1828), are 
economically important to Caribbean fishers that target 
nearshore reef fish. In the northern US Virgin Islands, 
this species comprised an average of 18% by weight of 
commercial snapper landings between 2011 and 2017 
(USVI Department of Planning and Natural Resources, 
unpublished data). The species is classified as “Near 
Threatened” by the International Union for Conservation 
of Nature due to trends of decreasing estimated popula-
tion sizes throughout its range [19]. This is due, at least in 
part, to their reproductive strategy of aggregating at pre-
dictable times and locations in large groups for spawning. 
These transient fish spawning aggregations occur after 
the full moon in March through July, during which the 
species is highly vulnerable to fishing [20, 21]. When not 
aggregating, individuals are solitary and territorial [22], 
and are found in a wide variety of habitats. This species 
undergoes ontogenetic shifts in primary habitat asso-
ciation, with juveniles being found mainly in nearshore 
seagrass beds and adults in coastal or offshore habitats 
over hard substrate [23]. In the Dry Tortugas, Florida, 
adults are usually observed over hard bottom, swimming 
actively along reef edges [24], and are also often observed 
in these locations in St. Thomas (S. L. Heidmann, pers. 
obs.).

Lutjanus analis are generalist predators, opportunis-
tically feeding mainly on arthropods such as crabs and 
shrimp, gastropods, and reef fish [25], with individual 
variability in foraging style to reduce intraspecific com-
petition [22]. It has been shown that L. analis have tem-
poral diet variations based on prey availability [26, 27], 
and therefore the species is ecologically important for 
top-down control over prey populations. This species is 
known to be more mobile than some comparably sized 

benthic-associated grouper species, but retain high site 
fidelity [24].

With size-at-maturity estimates ranging from 28.0 cm 
to 52.0 cm [27–29], L. analis are likely to utilize a larger 
home range size than well-studied smaller species of 
snapper because of associated increased mobility and 
resource needs [30, 31], but previous studies of this spe-
cies have been limited in acoustic receiver array continu-
ity. A long-term tracking study by Farmer and Ault [32] 
obtained location data from a single mutton snapper for 
168 days and estimated its home range size at 7.64  km2, 
but this estimate included two long-distance presumed 
spawning migrations which were unrepresentative of 
routine movements. Another study by Feeley et  al. [33] 
identified home range areas, excluding observed spawn-
ing migrations, for 13 resident L. analis at a mean size of 
2.5  km2. Both these studies had non-overlapping array 
coverage over a large area, which may inflate home range 
estimates. Additionally, these studies contained only a 
cursory description of home range characteristics and 
finer-scale movements, which are not well-understood in 
this species.

The purpose of this study was to quantitatively describe 
L. analis home range movement patterns. We used pas-
sive acoustic telemetry and spatial analysis tools to (1) 
describe home range characteristics and degree of site 
fidelity and (2) examine diel, daily, and seasonal changes 
in space use. Based on characteristics of other snapper 
species, we hypothesized that L. analis display high site 
fidelity to a home range that is smaller than previous 
estimates by Farmer and Ault [32] and Feeley et al. [33], 
and that each has a nighttime activity space comprising 
seagrass beds in which they forage, which is larger than 
and separate from a coral reef-dominated daytime activ-
ity space.

Methods
Study site and acoustic receiver array
An array of 43 omnidirectional acoustic receivers 
(69  kHz; Model VR2W, InnovaSea Systems Inc., Nova 
Scotia, Canada) was deployed in Brewers Bay (Fig. 1), on 
the south side of St. Thomas, US Virgin Islands (USVI). 
Brewers Bay faces southwest, and is approximately 0.9 
 km2 in area, with depths from 0 to 27  m that increase 
gradually from northeast to southwest. Temperature 
is fairly homogenous across Brewers Bay, with a mean 
annual temperature of 28.6 ± 0.002 °C (mean ± SE, range 
25.2–31.8 °C; R. Nemeth unpublished data).

The benthic habitats of the bay were delineated and 
mapped by digitizing LiDAR bathymetry and both 
aerial and satellite imagery. This characterization was 
validated using drop camera imagery, following pre-
vious methods used by NOAA [34, 35]. The substrate 



Page 3 of 14Heidmann et al. Anim Biotelemetry            (2021) 9:15  

of the bay is composed of several habitat types, cat-
egorized for the purpose of this study as coral reef, 
seagrass (comprising the native Thalassia testudinum 
and Syringodium filiforme, and the invasive Halophila 
stipulacea), sand with scattered coral and rock, artifi-
cial (riprap and concrete dolosse around airport run-
way), pavement, and other (i.e., bare sand, algae, mud) 
(Fig. 1).

Range testing was performed in June of 2015 to deter-
mine detection probabilities around the bay to account 
for variability in acoustic transmission across shifting 
environmental conditions and degrees of habitat com-
plexity [36–38]. A general detection probability of 70% 
(based on V9 transmitters) was used to determine spac-
ing of receivers for the final array configuration. For the 
V13 transmitters used in this study, this resulted in highly 
overlapping estimated 70% detection ranges, of between 
101 and 120 m radius depending on location. This maxi-
mized coverage of the bay with a limited number of 
receivers and provided an overall maximum detection 

probability of 91% under optimal conditions when a fish 
was inside overlapping detection ranges [36].

Moorings were placed at depths between 2 and 27  m 
and constructed using sand screws and cinder blocks 
with subsurface buoys, as well as existing no-wake buoys 
and swim buoys. The body of each receiver was wrapped 
in electrical tape for easy removal of biofouling that could 
grow over the hydrophone and affect detection efficiency 
[39]. Receivers were retrieved, cleaned, data were down-
loaded into the VUE software [40] and batteries replaced 
approximately every 4 months over the duration of the 
19-month study. Temperature was recorded every 15 min 
on a subset of the receiver moorings using 22 HOBO 
Water Temp Pro v2 (Onset Computer Corporation, 
Bourne, MA), and 5 miniDOT loggers (Precision Meas-
urement Engineering, Vista, CA).

Fish tagging methods
Lutjanus analis were caught using Antillean fish traps 
and hook and line baited with squid at various locations 

Fig. 1 Map of Brewers Bay, with inset showing location on St. Thomas, USVI, and nearby Lutjanus analis shelf edge spawning sites at Grammanik 
Bank and Tampo. Triangles represent locations of 43 VEMCO acoustic receivers, with circles representing 70% detection range (for V13 transmitters; 
varies by receiver: 101–120 m)
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within Brewers Bay between September 2015 and 
November 2016. Total length (TL) and fork length (FL) 
were measured for each captured individual. The sex 
of each fish was not determined due to a lack of sexual 
dimorphism in this species. Incidence of barotrauma was 
minimal, due to the relatively shallow depths of traps 
and hook and line fishing locations. Fish were implanted 
with a V13 acoustic transmitter (InnovaSea Systems Inc.; 
codespace A69-1601; 13 mm diameter, 36 mm long, 6 g; 
69  kHz, 147/153  dB, 30–250  s delay, estimated battery 
life 365–653  days) using surgical insertion, which has a 
longer retention time than force feeding, and minimizes 
drag and fouling compared to external attachment [41]. 
No anesthetic was used in order to minimize handling 
and recovery time and ensure no additional risk of preda-
tion due to aftereffects [42]. Fish were inverted in a tub 
of aerated seawater to induce tonic immobility. A 1.5-cm 
incision was made approximately 2  cm from and paral-
lel to the ventral midline, below and behind the edge of 
the pectoral fin. The acoustic transmitter was coated in 
triple antibiotic ointment and inserted into the peritoneal 
cavity anterior and parallel to the incision. The incision 
was closed using 2–3 chromic gut or silk surgical sutures 
or staples and covered with triple antibiotic ointment. 
Fish were observed for at least 2 min to ensure recov-
ery before being released at the surface near their catch 
location. After release, all individuals swam immediately 
down and out of sight.

Data processing
Detections from each fish were examined for insuffi-
cient data or abnormal behavioral patterns, such as a 
sharp decrease in activity or consistent detections only 
at a couple adjacent receivers over several weeks, which 
implied transmitter loss, predation, or mortality. In these 
cases, transmitters were either excluded entirely from 
analysis due to insufficient detections (i.e., 36029, 45336), 
or detections were removed after a presumed predation 
event (i.e., 59271). Detections at separate arrays outside 
Brewers Bay were noted but, as they represented extraor-
dinary movements, were not included in home range 
estimations.

All data processing and analyses were performed in the 
R 3.6 programming language [43] through the RStudio 
environment [44]. Detection data from the day of tag-
ging as well as the following full day were not used in 
analyses. Each detection was categorized into daytime, 
nighttime, and crepuscular activity based on daily sunrise 
and sunset times [45] with crepuscular considered to be 
within an hour before or after sunrise or sunset. Detec-
tion data from crepuscular periods were used for calcula-
tion of home ranges, but not for day/night activity spaces, 
because detection rates on reefs in the USVI have been 

shown to drop substantially during crepuscular periods 
due to increases in ambient noise, potentially obscuring 
any patterns in activity during these times [37].

To reduce the influence of variable detection rates and 
false detections resulting from signal collisions, as well 
as to enhance position estimates, detections were pooled 
into hourly short-term center of activity (COA) locations. 
The COA locations of each fish were calculated using the 
mean-position algorithm described by Simpfendorfer 
et al. [4], as the arithmetic mean of the latitude and lon-
gitude positions of the receivers that recorded each valid 
detection within each hour. This time period was chosen 
as it was long enough to expect 5–20 detections per fish 
even if all tagged fish were near the same receiver at the 
same time, without unduly decreasing data resolution.

Spatial analysis
Site fidelity was determined by calculating a residence 
index (RI) within the array for each fish, as the total num-
ber of days the fish was detected divided by the number 
of days between the first and last detections [46]. The RI 
varied between 0 for no residency and 1.0 for absolute 
residency for the Brewers Bay array. An hourly RI was 
also calculated to ensure home range estimations were 
comprehensive and not limited by the extent of the array.

Home ranges were estimated from COA locations using 
the R package adehabitatHR [47] to calculate 95% mini-
mum convex polygons (MCPs) and 95% Brownian bridge 
movement models (BBMMs) for each tracked mutton 
snapper, chosen to illustrate most daily movements and 
exclude infrequent longer-distance migrations. The same 
methodology was used to create 50% MCPs, which rep-
resent each fish’s smaller core use area, and to create 95% 
MCPs for daytime and nighttime activity spaces. MCPs 
were computed by creating the smallest convex polygon 
around 95% of the input data and illustrated the extent 
of the most common space used by each fish. BBMMs 
were computed by modeling conditional random walks 
between successive locations, dependent on the time and 
distance between each pair of locations and accounting 
for Brownian motion variance; this method described the 
expected movement paths of each animal by producing a 
rasterized map of the probability of occurrence. BBMMs 
were chosen as a comparison method to the more com-
mon MCP (i.e., [4, 32, 48]) as it is less frequently used, 
but provides more detailed information about space use, 
including paths between successive relocations, allowing 
the identification of movement corridors [49].

Because MCPs are heavily influenced by sample size 
[50], all home ranges and activity spaces were calculated 
using 2770 randomly selected COAs, the smallest overall 
sample size. All points were used in calculating BBMMs, 
as they are less sensitive to sample size and account for 
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paths between consecutive points. Smoothing param-
eters for BBMMs were calculated using the standard 
deviation of the distances between relocations (sig2, 
the approximate location error), and a maximum likeli-
hood estimation (sig1, the estimated Brownian motion 
variance). The sizes of MCPs were compared to those 
of BBMMs using a t-test paired by individual. Degree of 
territoriality in Brewers Bay was determined using an 
overlap index (OI) of 50% core use areas, a technique that 
was adapted by applying the standardization of a habitat 
selection index [11, 51] to a home range overlap percent-
age [32]. OI was calculated as the total area of polygons 
overlap divided by the combined area of all polygons, 
with possible values ranging from 0.0 (no overlap) to 1.0 
(100% overlap).

The sizes of daytime and nighttime activity spaces were 
compared using a one-tailed t-test paired by individual, 
with the alternative hypothesis that nighttime spaces 
were larger than daytime ones. To evaluate the degree of 
spatial segregation between these activity spaces for each 
individual, an OI was calculated, as well as the distance 
between center-of-mass centroids of day and night 95% 
MCPs. Activity levels were compared on an hourly basis 
across day and night with a t-test paired by individual, 
using as proxies first the number of detections, then the 
number of stations receiving detections. To test whether 
fish size had an effect on home range characteristics, we 
used linear regressions to test total length against size 
of 95% and 50% MCPs and BBMMs, size of daytime and 
nighttime activity spaces, and OI.

Habitat composition of L. analis home ranges and day/
night activity spaces was determined by overlaying the 
95% MCPs on the benthic habitat map of Brewers Bay 
and calculating the percent coverage of each habitat type. 
A habitat selection index (HSI) was used to determine 
preference or avoidance of each habitat by each fish. The 
index was calculated by dividing the percent coverage of 
each habitat in an MCP by the percent coverage of each 
habitat type available, such that the degree of positive 
or negative deviation from a neutral value of 1 indicates 
preference or avoidance [51]. The HSI of each habitat 
type across all home ranges was tested against the neutral 
value of 1 with a Mann–Whitney–Wilcoxon test to eval-
uate selection of that habitat, and differences between 
daytime and nighttime activity spaces were tested with a 
paired Mann–Whitney–Wilcoxon test.

To test whether L. analis were selecting for specific 
temperature ranges, a frequency distribution of avail-
able temperatures across the entire study period, with 
frequency scaled to a probability density distribution 
using ggplot [52], was compared to a similar distribution 
of temperatures at which fish were present, using a two-
sample Kolmogorov–Smirnov test.

Daily and seasonal changes in space usage were ana-
lyzed with two iterations of a repeated measures PER-
MANOVA using the adonis function in the R package 
vegan [53]. Receiver usage composition, defined as pres-
ence/absence at each receiver across the array at each 
time point, was tested over time using the Jaccard index. 
The longest period of overlapping tracking time for the 
largest number of fish was used in the test, which was 
for five fish over 7 months from November 2016 through 
May 2017. During this period, receiver presence compo-
sition for each fish was compared across months, using 
999 unique permutations to develop a distribution for 
computing the pseudo-F statistic, then again across 
220 days for each fish, compared to a distribution devel-
oped with 31 unique permutations.

Results
Eight individual L. analis were tagged opportunisti-
cally between September 2015 and November 2016. 
Sizes ranged from 37.5  cm to 69.0  cm TL (Table  1), 
with a mean of 48.6 ± 3.8  cm TL (mean ± SEM, same 
throughout manuscript). The first detection of any fish 
in the study was on 12 September 2015, and the last on 
8 November 2017. Over the course of the study, at least 
one individual was detected at 39 of the 43 receivers in 
the array, with each fish detected at between 0 and 29 
receiver stations per day (Fig. 2).

The six L. analis used in analyses were tracked from 
their date of tagging for as long as possible, resulting in 
tracking duration ranging between 125 and 509  days 
(Table 1), with a mean tracking time of 316 ± 55 days. All 
individuals but one (45338) were detected on the Brew-
ers Bay array every day between their first and last detec-
tion in Brewers Bay, which resulted in RI values of 1.0. 
Individual 45338 had an RI of 0.94, due to two periods of 
absence from the Brewers Bay array in June and July of 
2017, each lasting approximately one week (Fig. 2, upper 
and middle panels). During these periods, this fish was 
detected at arrays at the Grammanik Bank and Tampo 
(Fig.  1), two sites on the edge of the southern Puerto 
Rican shelf at 15  km and 30  km distance from Brew-
ers Bay, respectively. One additional fish (45334), that 
was tracked continuously for 220  days in Brewers Bay 
(RI = 1.0), was also detected at the Tampo array for 12 h, 
but never returned to Brewers Bay afterward. Hourly RI 
values for all individuals were greater than 0.9 except in 
one case (24797; RI = 0.78) (Table 1).

Both 95% and 50% MCPs showed different home range 
sizes and locations across tagged fish within Brewers 
Bay (Fig.  3), with an OI of 0.11 among 50% MCPs. Full 
95% MCPs were between 0.019  km2 and 0.190  km2 with 
a mean of 0.103 ± 0.028  km2, while 50% core use MCPs 
were between 0.004  km2 and 0.064  km2 with a mean of 
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0.030 ± 0.011  km2 (Table  2). Fish reached asymptotic 
space use after 40–60 days of tracking, although all fish 
except one (24797) roughly doubled total space use in 
Brewers Bay later on during reproductive periods. 

Home range estimation using BBMMs yielded poly-
gons of similar location, but different size and shape than 
MCPs (Fig.  3). 95% BBMMs were between 0.096  km2 
and 0.270  km2, with a mean of 0.168 ± 0.028  km2, which 

Table 1 Total length (TL), tag date, and summary of tracking data from Lutjanus analis tagged in Brewers Bay, St. Thomas, sorted by 
date tagged. Information sorted by tagging date

a Data excluded from analysis
b Data after 6/16/16 removed due to suspected predation

Transmitter TL (cm) Tag date (mm/dd/yy) Total no. detections Date 
of first 
detection

Date 
of last 
detection

Residence 
index (RI)

Hourly 
residence 
index

Total 
stations 
detected

Mean no. stations 
detected per day

36029a 69 09/10/15 9363 9/12/15 9/29/15 1.0 0.99 17 9.3

59271b 38.1 02/11/16 26,432 2/13/16 6/16/16 1.0 0.92 15 6.1

24797 48 06/16/16 89,799 6/18/16 11/8/17 1.0 0.78 32 3.4

45336a 50 08/15/16 168 8/18/16 7/16/17 0.32 0.02 4 0.4

45337 37.5 08/24/16 434,939 8/26/16 7/30/17 1.0 1.0 30 20.8

45338 45.6 09/30/16 546,511 10/2/16 7/30/17 0.94 0.93 38 15.9

45339 42.5 09/30/16 1,093,389 10/2/16 11/8/17 1.0 1.0 38 21.8

45334 58.2 11/1/16 475,774 11/3/16 6/10/17 1.0 1.0 33 20.3

Fig. 2 Activity of tagged Lutjanus analis, measured as number of detections per day (upper panel) and number of receiver stations visited per day 
(middle panel) in Brewers Bay, St. Thomas, USVI, between February 2016 and November 2017. Lower panel shows average temperature (ºC) across 
the bay during the study period. Vertical dashed lines delineate the period used in the PERMANOVA
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were significantly larger than 95% MCPs across all indi-
viduals (t5 =  −3.62, p = 0.02). 50% BBMMs were between 
0.019   km2  and 0.050  km2, with a mean of 0.028 ± 0.005 
 km2, which were not significantly different from 50% 
MCPs across all individuals (t5 = 0.29, p = 0.78). There 

was no relationship between fish length and size of either 
95% or 50% MCP or BBMM.

Daytime 95% MCPs were between 0.041  km2 and 0.195 
 km2, with a mean of 0.103 ± 0.026  km2, while nighttime 
95% MCPs were between 0.010  km2 and 0.036  km2, with 

Fig. 3 Estimated home ranges of six Lutjanus analis tracked in Brewers Bay, St. Thomas, USVI, between February 2016 and November 2017. Color 
denotes probability of occurrence as estimated by Brownian bridge movement models (BBMMs); dashed lines represent 95% minimum convex 
polygons (MCPs) and solid lines represent core use areas (50% MCPs). Triangle indicates catch and release location for each fish
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a mean of 0.021 ± 0.004  km2 (Table 3). Nighttime activ-
ity spaces were significantly smaller than daytime activ-
ity spaces across all individuals (t5 = 3.28, p = 0.02); 
on average, a nighttime space was 25% of the size of its 
corresponding daytime space, ranging from 7 to 42% of 
the size. Nighttime activity spaces either strongly over-
lapped or were contained within daytime activity spaces 
(Fig. 4), resulting in a mean overlap index of 0.20 ± 0.05 

(range 0.07 to 0.36; Table 3). Day and night centroid sep-
aration distances were between 47 m and 274 m (mean 
142 ± 40  m). There was no relationship between fish 
length and size of either overlap index or daytime or 
nighttime activity space. L. analis were detected at more 
receiver stations per hour during the day than during the 
night (t1896 = 23.6, p < 0.001) and there were overall more 
detections per hour during the day than night (t1896 = 5.6, 

Table 2 Area and habitat composition of home ranges of tracked Lutjanus analis, created using 95% and 50% minimum convex 
polygons (MCPs) and Brownian bridge movement models (BBMMs)

Percent habitat composition was derived from the intersection of MCPs with the benthic habitat map, and categorized as seagrass, coral reef, pavement and other 
(bare sand, artificial); habitat selection index (HSI) is indicated in parentheses for each habitat type in 95% MCPs

Transmitter Level (%) MCP  (km2) BBMM  (km2) Seagrass % (HSI) Coral reef % (HSI) Pavement % (HSI) Other % (HSI)

24797 95 0.019 0.147 75.1 (1.4) 0 (0) 24.9 (2.8) 0 (0)

50 0.004 0.019 95.7 0 4.3 0

45334 95 0.126 0.149 91.0 (1.7) 9.0 (1.6) 0 (0) 0 (0)

50 0.063 0.029 89.6 10.4 0 0

45337 95 0.168 0.270 62.4 (1.2) 19.9 (3.5) 17.7 (2.0) 0 (0)

50 0.064 0.050 58.2 15.3 26.6 0

45338 95 0.190 0.232 94 (1.7) 6 (1.1) 0 (0) 0 (0)

50 0.021 0.027 100 0 0 0

45339 95 0.075 0.096 93.8 (1.7) 6.2 (1.1) 0 (0) 0 (0)

50 0.018 0.019 93.5 6.5 0 0

59271 95 0.040 0.110 89.4 (1.7) 0 (0) 10.6 (1.2) 0 (0)

50 0.012 0.022 91.4 0 8.6 0

Table 3 Characteristics of daytime and nighttime activity spaces of tracked Lutjanus analis, created using 95% MCPs 

Statistics include day-to-night overlap index, activity space size ratio, centroid separation distance, size  (km2), and habitat composition. Percent habitat composition 
was derived from the benthic habitat map, and categorized as seagrass, coral reef, pavement and other (bare sand, artificial)

Transmitter Overlap index Night:day 
size ratio

Centroid 
separation 
(m)

Time of day Size  (km2) Seagrass % Coral reef % Pavement % Other %

24797 0.24 0.24 64 Day 0.041 71.2 0 28.8 0

Night 0.010 84.3 0 15.7 0

45334 0.09 0.18 257 Day 0.096 89.4 10.6 0 0

Night 0.017 90.9 9.1 0 0

45337 0.15 0.21 274 Day 0.167 64.4 21.7 13.8 0.1

Night 0.036 69.8 7.8 22.5 0

45338 0.07 0.07 97 Day 0.195 89.6 9.8 0.6 0

Night 0.014 100 0 0 0

45339 0.30 0.42 113 Day 0.071 94.1 5.9 0 0

Night 0.030 93.9 6.1 0 0

59271 0.36 0.36 47 Day 0.049 91.2 0 8.8 0

Night 0.018 91.7 0 8.3 0

(See figure on next page.)
Fig. 4 Daytime (dotted) and nighttime (dot-dashed) activity spaces for each tracked Lutjanus analis in Brewers Bay, St. Thomas, created using 95% 
minimum convex polygons (MCPs)
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p < 0.001). A Spearman’s rank showed a significant cor-
relation between number of receiver stations per hour 
and number of detections per hour (rho = 0.95, p < 0.001). 
Smaller fish (30–40 cm, n = 2) were 44% more active dur-
ing the day than at night (receiver stations visited per 
hour, scaled to a percent frequency), medium-sized fish 
(40–50 cm, n = 3) were slightly more active (9%) during 
day than night, and the largest fish (> 50 cm, n = 1) was 
23% more active at night than during the day. 

All individuals used a combination of seagrass, reef, 
and pavement habitats, with no other habitat types 
appearing in home ranges (Table 2). Benthic cover of 95% 
MCPs had a mean of 84.3% seagrass, 6.9% reef, and 8.9% 
pavement; corresponding mean HSI values were 1.6, 
1.2, and 1, respectively. HSI values for seagrass were sig-
nificantly more than an even ratio of 1 (V = 21, p = 0.03), 
but were not significantly different from 1 for coral reef 
(V = 12, p = 0.8) or pavement (V = 10.5, p = 1). As for 
daytime and nighttime activity spaces, each was domi-
nated by seagrass habitats, but most also included some 
proportion of reef and/or pavement (Table  3). Daytime 
activity spaces had a mean coverage of 83.3% seagrass, 
8.0% reef, and 8.7% pavement, while nighttime activity 
spaces had a mean coverage of 88.4% seagrass, 3.8% reef, 
and 7.8% pavement. There was suggestive evidence that 
seagrass coverage was higher in nighttime spaces than 
daytime spaces (V = 1, p = 0.06), but there was no differ-
ence for reef (V = 9, p = 0.2) or pavement (V = 7, p = 0.6).

There was no evidence that L. analis select for specific 
temperature ranges; instead, tagged individuals utilized 
available temperatures equitably (D75 = 0.173, p = 0.21). 
Space use patterns over time showed significant differ-
ences across days (F8579 = 27.1, p = 0.03) but not across 
months (F272 = 1.37, p = 0.23), indicating variability in 
movement patterns but no apparent seasonal shifts.

Discussion
The six L. analis included in analyses showed high site 
fidelity to Brewers Bay, with home ranges that rarely 
overlapped, were highly variable in size and location 
among individuals, and together, covered the majority of 
Brewers Bay. This result is expected due to the territorial 
nature of L. analis, which defend their home range center 
[22], although it was not discussed in previous acoustic 
telemetry studies [33]. Territoriality of home ranges is 
common in many species of coral reef fish and is usually 
associated with reproductive behavior or defense of food 
resources of surgeonfish [54], parrotfish [46], groupers 
[55], and damselfish [56].

All home ranges in this study covered a combination 
of entirely seagrass, coral reef, and pavement habitats, 
as expected for a generalist predator like L. analis, which 
frequently feeds in sand, seagrass, and coral rubble near 

reefs [25]. Home range habitat composition was domi-
nated by seagrass for all individuals, who showed a pref-
erence for this habitat beyond its prevalence. The only 
receivers in the Brewers Bay array without any detections 
from an individual L. analis through the course of the 
study were the four forming the southernmost row along 
the airport runway. These receivers were in deep bare 
sand (23–27 m), an unfavorable habitat type for this spe-
cies as it provides limited food and structure.

Home range characteristics
Five of the six L. analis were detected daily within the 
Brewers Bay array, and all were detected more than 90% 
of the days within their tracking period. Two individu-
als (45334, 45338) that departed from Brewers Bay were 
detected at separate acoustic arrays at known multi-
species spawning aggregation sites of Tampo, south of 
St. John, and the Grammanik Bank, south of St. Thomas. 
One was only detected at Tampo (45334), and the other 
(45338) was detected at both sites within the span of a 
week, before returning to Brewers Bay. These absences 
followed the full moon during June and July, when peak 
spawning of L. analis is known to occur [20, 57], suggest-
ing that these fish migrated for reproductive purposes. 
It was interesting to note, however, that nearly all other 
fish showed an increase in activity and space use at the 
beginning of spawning season (April) and swam to the 
receivers on the south side of the airport runway each 
afternoon for a few hours on days that coincided with full 
moon periods. These fish were all of reproductive size 
(> 28 cm fork length; [29]) and may have spawned nearby 
their home ranges, as has been shown for dog snapper 
(Lutjanus jocu) [58].

Two fish were tracked during the two Category 5 hur-
ricanes (Irma and Maria) that struck the USVI in Sep-
tember 2017. While detection rates dropped during the 
storms, these individuals were still present in Brewers 
Bay, and did not temporarily retreat to deeper water, as 
sharks, sea turtles, and stingrays have been observed 
doing before a storm [59, 60].

The average size of 95% MCPs was 0.103 ± 0.028  km2 
and the average 95% BBMM was 0.168 ± 0.028  km2, 
which were smaller than previous estimates for this spe-
cies. The 7.64  km2 estimate from Farmer and Ault [32] 
included home range, spawning site, and the migra-
tion corridor between them; doing so in this study 
would increase MCP sizes from 0.126 to 18  km2 (45334) 
and from 0.190 to 69.7  km2 (45338). Feeley et  al. [33] 
excluded spawning sites from home range estimates, 
but still found a home range of a minimum of 1.97  km2, 
larger than any in this study. While array coverage in that 
study was sparse to cover a larger area than described 
here and may not be directly comparable, it may be that a 
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different spatial configuration of habitat types in Florida 
may necessitate a larger home range to access a similar 
set of resources [61] as in Brewers Bay, depending on the 
distribution of critical habitats [46]. Home range areas 
were not correlated with total length of fish in our study, 
although size has been shown to influence home range 
size in reef fishes [30].

There was high variation in the estimated size of home 
ranges among individuals, and different estimation meth-
ods produced significantly differently sized home ranges. 
MCPs, while easy to calculate, do not take into account 
the density of usage within them or any indication of 
directed movement pathways [50]. BBMMs are better at 
accounting for error in location estimates, and the out-
put is less sensitive to outliers and highlights the dens-
est areas of usage and pathways between them [49]. In 
this study, BBMMs seemed to provide more precise, and 
typically larger, estimations of home range than MCPs. 
The strongest hotspots of BBMMs were associated with 
L. analis nighttime activity spaces, when fish were less 
active. For two individuals (45334 and 45337), the BBMM 
showed two hotspots with a connection between them 
that were not apparent in the MCPs, portraying move-
ment pathways along reef edges and between patch reefs.

While fish movement patterns were variable from day 
to day, there were no significant seasonal changes in 
individual space use patterns across months. Because of 
the dissociation of fish tracking periods, the time period 
tested coincidentally excluded months when L. analis are 
reproductively active; we may have observed a difference 
if we were able to track multiple fish for the same 365-day 
period. Although this time period included the coldest 
water temperatures of the year, there were no apparent 
temperature associations when considering all detections 
across the entire study period. Since minimum and maxi-
mum annual temperatures in Brewers Bay are within 7 °C 
and are fairly spatially homogeneous, temperature vari-
ation may not be large enough to warrant a behavioral 
change, unlike estuaries where temperature is a primary 
factor affecting fish distribution [62].

Diel patterns
Tracked fish on average moved farther from their home 
range center during the day than at night. The larger size 
of the daytime activity space combined with the low over-
lap of core use areas suggests a consistent foraging area 
for each fish and territorial defense against competition 
for valuable resources. Our results indicate that L. analis 
forms dominance hierarchies and that high variability in 
foraging styles, according to fish size and time of day, may 
be a means to reduce intraspecific competition [22, 63].

Despite the size difference between daytime and night-
time spaces, they overlapped in both location and habitat 
composition, with at least 56% of each nighttime activity 
space overlapping with the corresponding daytime activ-
ity space. There was less differentiation than observed 
in species of a similar trophic group by Hitt et  al. [3] 
(schoolmaster snapper, Lutjanus apodus, and blues-
triped grunts, Haemulon sciurus), or by Rooker et al. [18] 
(L. apodus and white grunts, H. plumierii). These stud-
ies observed a clear shift from high-relief hard substra-
tum habitats to low-relief soft substratum habitats. Hitt 
et al. [3] used active tracking, which allowed for a much 
finer estimate of space use and had a greater power to 
detect differences, as did the high-resolution array used 
by Rooker et al. [18]. A 24-h active tracking period likely 
did not encapsulate day-to-day variations [32], there-
fore, the stark differences between daytime and night-
time activity spaces may become less detectable with the 
lower spatial resolution and added daily variance present 
in this study. Alternatively, while L. analis and L. apodus 
are closely related, these species may exhibit behavioral 
variation due to differential predation risk and use of dif-
ferent habitat types to meet dietary needs [64]. Diet stud-
ies have suggested that unlike other species of snapper, L. 
analis forage opportunistically throughout the day [25, 
26], with some feeding proportionately more in morning 
and evening than midday [22], which would explain the 
habitat similarity between daytime and nighttime activity 
spaces. Future studies could use a higher resolution array 
for greater accuracy in detection locations, which can 
determine home ranges in site-attached species with a 
small number of receivers [65], to clarify whether animal 
behavior or methodology is the source of the discrepan-
cies between these studies.

Conclusions
Despite the small sample size of six L. analis, this study 
presents the most comprehensive home range descrip-
tion to date on this economically important Carib-
bean reef fish. Home ranges were highly variable across 
individuals, but each demonstrates usage of multiple 
habitat types, dominated by seagrass, within a rela-
tively small area. Seagrass beds, which are an important 
food source for snapper and other reef fish, can change 
quickly in size and coverage with shifting environ-
mental conditions or disturbances [66], and while the 
effects of natural disasters such as hurricanes cannot 
be prevented, disturbances from human activity could 
be limited by prohibiting specific practices, such as 
anchoring in known seagrass beds and along reef edges. 
As habitat variability in an area is an important com-
ponent of its suitability for many species, spatial man-
agement efforts should focus on zones with proximity 
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to multiple habitat types [67], including mangroves and 
seagrasses as well as nearshore and offshore coral reefs, 
which support coral reef fish across diel movements 
and ontogenetic stages [23, 61, 64].

Quantifying specific characteristics of L. ana-
lis movements, including home range size, habitat 
requirements, and diel movement patterns, are neces-
sary to implement directed management at an appro-
priate scale. Although L. analis show site fidelity to a 
relatively small home range most of the time, they are 
highly mobile during reproductive periods, indicating 
that effective management of this species should target 
home ranges and spawning aggregations separately, or 
address the species as a whole. While small marine pro-
tected areas of less than 1  km2 placed over reef and sea-
grass habitats where L. analis are known to reside could 
protect more than 95% of the space usage of a few indi-
viduals, many areas have a relatively low or unknown 
population density, warranting a more effective use of 
resources. Benefits to fisheries are likely to be higher 
from larval production than spillover from protected 
areas [46], thus identifying and protecting spawning 
sites should be a key aspect of a management strat-
egy. For example, current restrictions in the US Virgin 
Islands include seasonal prohibition on possession or 
sale of L. analis during reproductive periods as well as 
a seasonal closed area prohibiting fishing at a spawning 
aggregation site on St. Croix [68]. Similar restrictions 
elsewhere, with cooperation from local commercial and 
artisanal fishers, may be suitable approaches for tar-
geted management of L. analis to maintain its ecologi-
cal and economic benefits.
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