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Amphibious fishes moving over land between aquatic habitats likely encounter abrupt changes in a number of
environmental conditions, including salinity. This study characterized the 1) spatial heterogeneity in salinity in the
mangrove forest habitat of the self-fertilizing, amphibious mangrove rivulus (Kryptolebias marmoratus), 2) metabolic
cost and behavioral response to acute exposure to novel salinity, and 3) repeatability of individual responses to acute
changes in salinity. In mangrove habitats on Long Caye, Belize, salinity varied widely over short distances from 20.9–
41.7% over a 90 cm distance. In the lab, fish were exposed to an acute change in salinity of D10, 20, or 30%. Oxygen
consumption significantly decreased in response to a 10% decrease in salinity and increased when salinity was elevated
by 30%. Activity levels significantly increased with an increase in salinity (D20 and 30%). Individuals showed repeatable
differences in both oxygen consumption rates and activity levels. Together, our data show that K. marmoratus is highly
responsive to abrupt increases in salinity. Thus, movements made by K. marmoratus between temporary pools in the
mangrove forest will acutely alter behavior and possibly metabolism, with many potential ecological consequences.

E
NVIRONMENTAL heterogeneity in spatial and tem-
poral abiotic conditions is a characteristic of natural
ecosystems (Dunson and Travis, 1991; Palmer and

Poff, 1997; Ramette and Tiedje, 2007). For aquatic organisms,
salinity can be an important environmental factor influenc-
ing a species’ distribution and use of specific microhabitats
(Bulger et al., 1993; Holm et al., 2000; Teske and Wooldridge,
2004; Whitehead et al., 2011a). Salinity presents a number of
physiological challenges for fishes, and a range of possible
responses have evolved to cope with these challenges (Kültz,
2015). First, individuals can respond behaviorally to envi-
ronmental salinity to avoid habitats that are unfavorable for
survival, reproduction, or growth (Burke et al., 1995;
Claireaux et al., 1995; Tietze and Gerald, 2016). Movement
into more favorable microhabitats requires both the ability to
sense changes in environmental salinity and the ability to
access them (Kültz, 2011). Second, if an individual cannot
move or decides not to, it must use physiological strategies to
cope with the flux of water and ions between its body and
the environment (Kültz, 2011). A diverse suite of physiolog-
ical mechanisms at the level of the gills (reviewed by
McCormick et al., 2013; Hwang and Lin, 2014), kidneys,
and the gastrointestinal tract (reviewed by Marshall and
Grosell, 2005; Grosell, 2006) are used by euryhaline fishes to
enable individuals to cope with a wide range of salinities.
These physiological mechanisms require energy, and a link
between osmoregulation and metabolic rate has been
demonstrated in many fish species (Claireaux and Lagardère,
1999; Babikian et al., 2016). Both behavioral and physiolog-
ical strategies have been characterized in a number of species;
however, few studies have characterized the use of both
behavioral and physiological strategies in the same species
(but see Claireaux et al., 1995; Swanson, 1998). In aquatic
fishes, spatial changes in salinity are typically encountered
over gradients (e.g., estuaries). In contrast, amphibious fishes
moving between tide pools in the intertidal zone or across
the mangrove forest floor may face abrupt changes in salinity
due to the physically discrete nature of these habitats.

We examined how an amphibious fish responds to rapidly
changing salinity when moving between temporary aquatic
habitats. Kryptolebias marmoratus is an amphibious, self-fertiliz-
ing, euryhaline fish that typically inhabits drainage ditches,

depressions, or crab burrows within mangrove forests, where
environmental conditions vary spatially and temporally (Abel
et al., 1987; Taylor, 2012). Tidal cycles, short-term weather
events (e.g., rain), and seasonal changes (e.g., wet vs. dry
seasons) can result in fluctuations in many water quality
parameters, including salinity. Kryptolebias marmoratus is
capable of tolerating salinities ranging from 0.3–114% (King
et al., 1989), although concentrations of 0–70% are more
common in natural environments (Taylor et al., 1995; Frick and
Wright, 2002; Taylor, 2012). In lab conditions, K. marmoratus
regularly leaves water (emerses; Turko et al., 2011) and will also
emerse in response to suboptimal water conditions, such as
hydrogen sulfide (Abel et al., 1987), oxygen (Regan et al., 2011),
pH and CO2 (Robertson et al., 2015), and temperature (Gibson
et al., 2015). Genetic markers indicate that there is gene flow
between aquatic habitats, suggesting that K. marmoratus likely
move between aquatic habitats (Turko et al., 2018), and fish
have been observed repeatedly leaving crab burrows (Turko and
Wright, 2015: supplementary video). Laboratory studies have
also demonstrated that air-acclimated individuals are capable of
moving on average 120 cm in less than a minute (Brunt et al.,
2016) and are therefore fully capable of traveling considerable
distances over land, which could cause rapid exposure to novel
conditions without adequate time to acclimate (Huehner et al.,
1985; Abel et al., 1987; Taylor, 1990).

Our research had three objectives: we first characterized the
amount of spatial heterogeneity in salinity in the natural
habitat of K. marmoratus (Long Caye, Belize). Second, we
quantified the metabolic responses and changes in activity
levels of K. marmoratus to rapid, acute exposure to novel
salinities in the lab. The magnitude of salinity change in these
experiments was determined by the heterogeneity observed in
the field. Third, we quantified the repeatability of individual
differences in activity and metabolic rate to characterize
individual variation in response to acute change in salinity.

MATERIALS AND METHODS

Field salinity measurements.—Field measurements of salinity
were taken in December 2012 (at the end of the rainy season)
on Long Caye, Lighthouse Reef, Belize (17.20668N,
87.59528W). Crab burrows (n ¼ 27) were located within a
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section of mangrove forest inhabited by K. marmoratus. Water
salinity was measured in each individual burrow using a
hand-held field probe (Hanna Instruments HI 9828 pH/ORP/
EC/DO multiparameter probe). The probe was calibrated
daily and cross referenced with a conductivity meter.
Geographic coordinates of individual burrows were deter-
mined using a handheld GPS system (Garmin Colorado,
Garmin Ltd., Canton of Schaffhausen, Switzerland).

Experimental animals.—Laboratory experiments were con-
ducted on adult K. marmoratus hermaphrodites (n ¼ 60;
isogenic strain 50.91 from Belize; Tatarenkov et al., 2010)
randomly selected from the breeding colony housed at the
Hagen Aqualab, University of Guelph using a random
number generator. Fish were reared individually under
constant environmental conditions (258C, 15%, pH 8.1, 60
mL of water, 12h light: 12h dark cycle) and were fed live
Artemia nauplii three times per week (Frick and Wright,
2002). Mean wet mass of the study individuals was 49.36 mg
(SD ¼ 11.38).

Metabolic responses to changes in salinity.—Metabolic rate was
estimated as the rate of O2 consumption by an individual fish
using intermittent flow respirometry. We first measured
standard metabolic rate (SMR) in triplicate under control
water conditions (15%). Standard metabolic rate represents
the minimum oxygen consumption needed to sustain
regular functioning while in a stress free environment and
not digesting food (Rolfe and Brown, 1997). Prior to these
trials, fish were fasted for 48 hours (Rodela and Wright, 2006)
and transferred to an individual micro-respirometry chamber
(PA10050, Loligo Systems, Tiele, Denmark) maintained at
258C where fish were allowed to acclimate for five hours. In
preliminary trials, we established that 48 hours was more
than sufficient for metabolism to return to baseline levels
post-feeding at 258C (C. Cooper and P. Wright, unpubl. data).
As well, the acclimation time was chosen to ensure recovery
from handling stress (Turko et al., 2011). To minimize the
influence of diurnal changes in metabolism (Rodela and
Wright, 2006), respirometry experiments were conducted at
the same time each day. During this time, the chamber was
continually flushed with aerated water (.90% dissolved
oxygen [DO], 15%). To measure metabolic rate, water flow
was stopped and resting oxygen consumption was measured
over 10 minutes using spot sensors and a fiber optic probe
(Loligo Systems, Tjele, Denmark). DO remained .70%
during this time. After the 10 min measurement period,
water flow was resumed for 15 minutes to flush the chamber
with well-oxygenated water. This procedure was repeated two
more times (three trials total).

Individuals were then assigned randomly to one of three
experimental salinity treatments: 5, 35, and 45%, corre-
sponding to a 10, 20, or 30% osmotic shock, respectively.
Two levels of our experimental osmotic shock (D10 and 20%)
reflected our field measurements, while the remaining level
(D30%) represented more extreme conditions. For this set of
trials, the salinity in the chamber was lowered (5%) or
increased (35 and 45%) rapidly (within 5 min) and a single
measurement of response metabolic rate (RMR) was com-
pleted over 10 minutes, using the same protocol described for
the SMR trials. Thus, RMR represents the oxygen consump-
tion of an unfed, inactive individual in a potentially stressful
and novel salinity. Dissolved oxygen again remained over
70% during the measurement period. Each individual was
tested singly. All experimental salinities were formulated

using Instant Ocean artificial sea salt dissolved in reverse
osmosis water.

For each metabolic rate trial, a linear regression relating
oxygen level in the micro-respirometry chamber (lmol) with
time (h) was used to estimate the rate of oxygen consump-
tion. Background oxygen consumption without a fish
present (,5% total O2 consumption) was subtracted from
each trial. Standard metabolic rate for each individual was
calculated by averaging the results of the three trials at 15%,
while RMR was calculated for the single trial conducted in a
novel salinity (either 5, 35, or 45%). Statistically significant
values of r2 (Pearson correlation coefficient) were greater
than 0.90 for all regressions calculated.

A general linear mixed effect model relating metabolic rate
in control conditions to metabolic rate in experimental
conditions was used to compare SMR with RMR and
therefore assess the metabolic responses to changes in
salinity (Y ¼ RMR, X1 ¼ Treatment, Random effect ¼
Individual). Prior to analysis, values of SMR and RMR were
ln transformed to meet the assumptions of normality for the
model.

Behavioral responses to changes in salinity.—To determine
behavioral responses to salinity, fish were observed in
transparent glass chambers that were 20 fold larger (2 L)
than the holding containers (0.1 L) in order to better
visualize activity. One week after the metabolic rate trials,
each fish was transferred to a separate 2 L glass beaker filled
with 200 mL of 15% water and acclimated for one week. The
fish were fed on alternate days, but fasted for 48 hours before
the activity trials commenced. Each fish was subjected to
both the control (15%) and experimental treatment (5, 35, or
45%) that were experienced during the metabolic rate
experiment. The order in which an individual was exposed
to the control or experimental treatment was randomized.
All experimental salinities were formulated using Instant
Ocean artificial sea salt dissolved in reverse osmosis water.

In each trial, fish were quickly transferred to a new 2 L glass
beaker containing 200 mL of control or experimental water.
The beaker was placed on a white light table, illuminated
from below, and filmed from above using a webcam (c270
HD, Logitech, Newark, CA) connected to a laptop computer.
Activity of each test fish during a trial was quantified for 15
minutes, beginning immediately upon transfer to the trial
arena. All experiments were conducted behind a blind to
minimize any disturbances that might impact the behavior
of the individual. Following the first behavioral trial,
individuals were returned to their original beaker with 200
mL of 15% water and fed. The fish was then fasted for two
days and tested under the other level of salinity treatment it
experienced during the metabolic rate trials.

Ethovision XT software (Noldus Information Technology
Inc., Leesburg, VA) was used to analyze swimming behavior
in each trial. Multiple metrics of activity were measured from
the video recordings for each individual, including: the total
distance traveled, turn angle divided by distance traveled
(meander), and mean velocity (cm/s). Time spent moving
was calculated using two thresholds (60% for highly mobile
and 20% for immobile) that separated activity into three
categories: immobile, mobile and highly mobile. These
thresholds mean that individuals were considered immobile
if less than 20% of the pixels on the screen changed between
two successive samples and were consistent with those used
previously (e.g., Vignet et al., 2015). Movement thresholds,
whether an individual was determined to be moving, were
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set at 2 cm/s as a start velocity and 1.75 cm/s as a stop

velocity. These values were selected after analyzing a subset

of videos by hand to ensure that movement thresholds

corresponded to actual movements by an individual.

An overall metric of activity level was calculated using a

principal component analysis incorporating the six activity

metrics quantified. PC1 explained 81% of the variance in the

individual activity measurements, and we used PC1 in all

subsequent analyses as an overall metric of activity. High

values for PC1 describe individuals that traveled a greater

distance during the trial, were faster, and spent less time

inactive, while low values describe individuals that traveled a

shorter distance during the trial, were slower, and spent more

time immobile. A general linear mixed effect model relating

activity (PC1 scores) between treatments was used to

compare the activity of an individual between control

(15%) and experimental salinity treatments (5, 35, or 45%)

and therefore assess the activity responses to changes in

salinity (Y ¼ Activity, X1 ¼ Treatment, Random effect ¼
Individual). All statistical analyses were performed using R

(version 3.3.0 ‘‘Supposedly Educational’’, R Core Team,

2016).

Repeatability of metabolic rate and activity.—Intraclass corre-

lation coefficients were used to assess the repeatability of

measures of metabolic rate and activity across individuals.

Repeatability was estimated using methods outlined by

Nakagawa and Schielzeth (2010) for Gaussian data and the

rptR package (Stoffel et al., 2017). Models run used 100000

parametric bootstraps to estimate confidence intervals and

1000 permutations to estimate P-values. Repeatability esti-

mates were calculated after controlling for variation due to

the fixed effect of treatment (‘adjusted repeatability’; Naka-

gawa and Shielzeth, 2010) and were considered significant if

the confidence interval did not include 0, and at a

significance level of a ¼ 0.05.

RESULTS

Spatial variation in salinity.—We measured salinity of crab
burrows in the field ranging from 20.9% to 41.7% (mean ¼
31.4%). The salinity of 27 crab burrows in the field varied
considerably over short distances (Fig. 1). For example, the
salinity in two crab burrows ~50 cm apart differed by 20.3%.
In another case, crab burrows separated by ~6 cm had a
salinity difference of 7.7%.

Metabolic responses to changes in salinity.—Oxygen consump-
tion for individual K. marmoratus increased in response to an
acute increase in salinity and decreased in response to a
decrease in salinity. Metabolic rate increased by ~88% from
the control salinity of 15 to 45% (D30%; t¼3.46, P , 0.001).
However, no statistically significant change in oxygen
consumption was detected when salinity was increased from
15 to 35% (D20%; t¼ 0.37, P¼ 0.71). Conversely, metabolic
rate decreased by ~33% from 15 to 5% (D10%; t¼�3.19, P¼
0.002; Fig. 2).

Behavioral responses to changes in salinity.—Changes in
activity were observed when salinity was increased, but not
when salinity was decreased. A 20% (15 to 35%) and 30%
(15 to 45%) acute increase in salinity resulted in much more
activity (mean PC1¼�0.43, SE¼ 0.23 at 15% and mean PC1
¼1.16, SE¼0.59 at 35%, t¼2.99, P¼0.0035 and mean PC1¼
1.03, SE ¼ 0.45 at 45%, t ¼ 2.74, P ¼ 0.007; Fig. 3). No
significant change in activity was detected when salinity was
reduced by 10% from 15 to 5% (mean PC1 ¼ �1.05, SE ¼
0.51, t ¼�1.16, P ¼ 0.25).

Repeatability of metabolic rate and activity.—After accounting
for variation due to changes in salinity (treatment effects),
both metabolic rate and activity showed significant repeat-
ability (ICCMR ¼ 0.3260.13, CI ¼ 0.033–0.55, P ¼ 0.013,
ICCACTIVITY ¼ 0.2660.12, CI ¼ 0.001–0.49, P ¼ 0.029).

Fig. 1. Spatial distribution of crab burrows in Long Caye, Belize
(December 2012). Salinity concentrations of each burrow are provided
in parts per thousand, with high concentrations (hypersaline) in red and
low concentrations (hyposaline) in blue. Distance in meters (m) is
indicated by the scale bar.

 m
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)

Fig. 2. Box plots displaying the influence of acute salinity change on
oxygen consumption. A significant increase in SMR was observed in
response to 45% (t ¼ 3.46, P , 0.001), while exposure to 5%
significantly decreased SMR (t ¼ �3.19, P ¼ 0.002). No significant
change in SMR was observed in response to 35% (t¼ 0.371, P¼ 0.71).
Control salinity was 15%. Each box plot indicates the 25th, 50th (thickest
line), and 75th percentiles. Whiskers on each box represent the 10th and
90th percentiles. All points falling outside the 10th and 90th percentiles
are represented by individual data points. The red square in each box
represents the mean for each treatment. 60 individuals were tested in
control conditions and 20 individuals were placed in each treatment.
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DISCUSSION

Our study findings lead to four main conclusions. First, there
is a high amount of heterogeneity in salinity between crab
burrows in the mangrove forest over small spatial scales (Fig.
1). Second, laboratory experiments showed that acute
salinity changes similar to those that occur in the field in
December were not energetically costly, but more extreme
salinity treatments did elevate RMR (Fig. 2). Third, only acute
increases, not decreases, in environmental salinity caused
increases in activity levels (Fig. 3). Finally, individual
differences in metabolic rate and activity were repeatable
over time and between environmental (treatment) contexts.

Our field measurements, taken at the end of the rainy
season (December) provide evidence that K. marmoratus
likely encounter abrupt changes in environmental salinity
when they move over land. Our field measurements
document a high degree of spatial heterogeneity in salinity
concentrations; however, it is likely that heterogeneity
between crab burrows during other times of the year (e.g.,
towards the end of the dry season when water levels are low
and rates of evaporation are higher) is even greater. Previous
measurements of crab burrows that contained K. marmoratus
ranged from 0 and 70% in the Netherlands Antilles and
Florida (Kristensen, 1970; Taylor et al., 1995, respectively).
This range in values could represent the possible spectrum of
salinity values throughout the year and between seasons;
however, repeated sampling over time of the same crab
burrows has not been performed.

Acute changes in salinity were not energetically demand-
ing, except in response to the largest magnitude change in
our experiment. Changes in salinity have been shown to
have an impact on oxygen consumption in other euryhaline
fishes (Morgan and Iwama, 1991). In many cases, consistent
with our study, oxygen consumption increased in response
to increases in environmental salinity (Rao, 1968; Morgan

and Iwama, 1991; Iwama et al., 1997; Babikian et al., 2016).
However, in other species no significant change in oxygen
consumption was noted (Muir and Niimi, 1972; Claireaux et
al., 1995; Morgan and Iwama, 1999). Thus, it is difficult to
generalize responses to changes in salinity between species.

Increased metabolic rate after salinity transfer may be a
consequence of tissue remodeling. For example, changes in
the expression of ion transporters, such as Naþ/Kþ-ATPase
(Kültz et al., 1992; Laverty and Skadhauge, 2012), or
modification of the ionic permeability of ionocytes (Hwang
and Lin, 2014) would be potentially energetically costly. In
our study, the time frame was very short as we measured O2

uptake after less than 30 minutes of exposure to an osmotic
shock. Nevertheless, the change in osmotic gradients would
result in passive gain or loss of water and ions immediately
upon transfer, putting increased demand on existing gill Naþ/
Kþ-ATPase and other active transporters. Increased mRNA
expression of aquaporins (Whitehead et al., 2011b) and ion
transporters (Singer et al., 1998; Marshall et al., 1999; Scott
and Schulte, 2005; McCormick et al., 2009) occurs 6–24
hours following transfer from freshwater to seawater in many
other euryhaline fishes. Moreover, tissue remodeling has also
been noted in the estuarine mudskipper (Periophthalmus
modestus) in the first 30 minutes following transfer from
saltwater to freshwater (Sakamoto et al., 2000). Therefore, it is
possible that tissue remodeling could account for some of the
increased metabolic demand observed in our study. As well,
the largest increase in metabolic rate in our study (D30%) was
observed in fish transferred from 15 to 45%, which may not
have required the same extent of cell and tissue remodeling
as in cases where a D30% involves a reversal of the osmotic
gradient. Indeed, when fish were moved from seawater to
hypersaline water in other studies, only minor modifications
of the branchial (Hossler et al., 1985) and intestinal tissues
were noted (Genz and Grossell, 2011).

Hypersaline, but not hyposaline, treatments significantly
influenced activity. We demonstrated that activity increased
with both a 20% and 30% change when compared to
activity under control conditions and therefore this increase
in activity is not due to handling stress. Salinity has
previously been shown to induce behavioral changes in a
number of euryhaline species (Swanson, 1998; Edeline et al.,
2005; Tietze and Gerald, 2016). Contrary to our results, most
studies demonstrate a negative correlation between activity
level and increasing salinity in aquatic organisms (e.g.,
Edeline et al., 2005; Serrano et al., 2010). The increase in
activity observed in K. marmoratus could represent a
behavioral escape mechanism to seek out more favorable
microhabitats. Favoring one salinity over another (salinity
preference) has been documented in a variety of euryhaline
fishes (Claireaux et al., 1995; Irisson et al., 2010; Bucking et
al., 2012; Marshall et al., 2016). During the dry season, crab
burrow salinity levels rise as rainfall ceases and water is lost
by evaporation (Taylor, 2012). A more detailed field study is
necessary to understand the salinity preference and move-
ment of K. marmoratus between crab burrows in the
mangrove forest.

Increasing activity in response to acute changes in salinity
could have a variety of consequences. First, increasing
activity could make an individual more visible and therefore
increase the risk of predation (Lima and Dill, 1990). The
trade-offs between osmoregulatory demands imposed by
external conditions and predation risk has not been well
studied. Recently, Poecilia latipinna was found to choose
conditions that limited osmoregulatory costs with a predator

Fig. 3. Box plots displaying the influence of acute osmotic shock on
activity. Activity significantly increased in response to both hypersaline
treatments (35%: t ¼ 2.985, P ¼ 0.0035 and 45%: t ¼ 2.737, P ¼
0.0072). In hyposaline conditions, activity did not significantly change (t
¼�1.155, P ¼ 0.25). Control salinity was 15%. Each box plot indicates
the 25th, 50th (thickest line), and 75th percentiles. Whiskers on each box
represent the 10th and 90th percentiles. All points falling outside the
10th and 90th percentiles are represented by individual data points. The
red square in each box represents the mean for each treatment. 60
individuals were tested in control conditions and 20 individuals were
placed in each treatment.
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cue over less favorable conditions without a predator cue

(Tietze and Gerald, 2016). Second, if movement across both
terrestrial and aquatic environments is energetically costly, it

could increase foraging demands. Several studies have
demonstrated that K. marmoratus is a generalist, feeding on

a variety of organisms including gastropods, flies, other
fishes, and even conspecifics (Kristensen, 1970; Huehner et

al., 1985; Taylor, 1988, 1992). Although K. marmoratus
consume a diversity of organisms, a high proportion of

individuals captured in the wild had empty guts (Taylor,
1992), suggesting that there is a limitation of food resources
in the extreme microhabitats that K. marmoratus inhabits.

Therefore, increased activity and the associated increase in
energetic demand of maintaining homeostasis could lead to a

decrease in reproductive output or competitive ability as
limited energy stores are depleted.

Individual activity levels and metabolic rates were signif-
icantly repeatable, which was likely driven by a high degree

of inter-individual variation. Repeatability in both activity
and metabolic rate suggest that within a single genetic

lineage, a large amount of individual variation is maintained
in K. marmoratus, consistent with other behavioral observa-

tions in this species (Turko et al., 2011). Repeatability
estimates for activity levels were similar to literature values

measured in non-self-fertilizing species (Bell et al., 2009).
Inter-individual variation in clonal species indicates that

epigenetic factors, likely phenotypic plasticity, play a critical
role in trait expression (Archer et al., 2003; Schuett et al.,

2011). Variation in activity and metabolic responses also
suggests that multiple coping strategies, a suite of behavioral

and physiological responses used to cope with aversive
situations (Koolhaas et al., 1999), are being maintained

within the population. Within a highly heterogeneous
environment, such as mangrove forest, individuals may

adopt a variety of coping strategies in response to exposure
to the environmental conditions they experience. The

maintenance of multiple coping strategies means that
populations can remain stable over time, even in response

to environmental perturbations (Wolf and Weissing, 2012). If
multiple coping strategies are being maintained, future

studies should investigate potential correlations between
behavioral and physiological traits. For example, do individ-

uals with higher exploratory behavior, which could have
been exposed to a greater number of environmental stressors,

also have higher tolerances to environmental conditions,
such as salinity? Kryptolebias marmoratus represents an ideal

study organism to investigate these questions.

In summary, fish moving between crab burrows at the end

of the rainy season (December) may encounter an abrupt
change in salinity of up to 20% over small spatial scales. In

laboratory experiments, we showed that this change in
salinity did not significantly alter metabolic rate in K.

marmoratus, but did increase activity level. More extreme
salinity changes, possibly indicative of field conditions

during other times of the year, elevated both metabolic rate
and activity level. Individual responses to novel salinities

could have a variety of consequences on the fitness of an
individual by impacting the risk of predation and the
allocation of limited resources. Future studies should explore

the extent of individual movements throughout mangrove
environments and potential trade-offs between salinity

preference and food resources in amphibious fishes living
in spatially heterogeneous environments.
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