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Abstract 

Invasive Indo-Pacific lionfish [Pterois volitans (Linnaeus, 1758) and P. miles (Bennett, 1828)] are now established throughout the Western 
North Atlantic. Several studies have documented negative effects of lionfish on marine fauna including significant changes to reef fish 
community composition. Established populations of lionfish have been documented in several estuaries, and there is concern that the species 
may invade other low-salinity environments where they could potentially affect native fauna. To gain a better understanding of their low-
salinity tolerance, we exposed lionfish to four salinities [5, 10, 20 and 34 (control)]. No lionfish mortality was observed at salinities of 34, 20 
or 10, but all fish died at salinity = 5 within 12 days. Lionfish survived for at least a month at a salinity of 10 and an average of about a week 
at 5. Fish started the experiment at an average mass of 127.9 g, which increased at a rate of 0.55 g per day while they were alive, regardless 
of salinity treatment. Our research indicated lionfish can survive salinities down to 5 for short periods and thus may penetrate and persist in a 
variety of estuarine habitats. Further study is needed on effects of salinity levels on early life stages (eggs, larvae). 
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Introduction 

Empirical derivation of physiological tolerances 
can document absolute range limits for survival 
as well as provide information on sub-lethal 
effects of environmental variables. For example, 
species living in favourable environmental 
conditions (e.g., optimal salinity or temperature) 
may have increased growth rates or fecundity 
compared to those living in suboptimal conditions. 
For marine and estuarine fishes, salinity is one of 
the most important environmental variables. 
Salinity affects many aspects of fish lifehistory, 
including: growth (Boeuf and Payan 2001); 
endocrinology of developing larvae (Hiroi et al. 
1997); egg and larval survival (Holliday and 
Jones 1967); and others. Information on growth 
and survival of marine species along a salinity 
gradient can be used in models that forecast 

range expansions and population densities. These 
kinds of predictions are especially useful when 
applied to non-native species, whose spread 
across coastal habitats creates challenges for 
management. 

This study focussed on lionfish [Pterois volitans 
(Linnaeus, 1758) and P. miles (Bennett, 1828)] 
growth and survival responses to a range of 
salinities. Lionfish were first found in Florida 
waters in the 1980s and have since spread along 
the Atlantic coast of the USA, throughout the 
Caribbean Sea, and in the Gulf of Mexico 
(Schofield 2009, 2010; Schofield et al. 2014a). 
The lionfish invasion is relatively recent; yet some 
studies document its negative effect on native fauna 
(e.g., Albins 2012; Green et al. 2012). While 
lionfish are typically considered a coral-reef species, 
they also occupy habitats such as seagrass meadows, 
mangrove habitats, and artificial habitats such as 
docks, artificial reefs, and bridge pilings (Barbour 
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et al. 2010; Claydon et al. 2012; Schofield et al. 
2014b). Recent articles have documented lionfish 
in low-salinity estuarine habitats in Florida (Jud 
et al. 2011; Jud and Layman 2012; Schofield et 
al. 2014a) and have suggested a broad salinity 
tolerance (Jud et al. 2014). Understanding how 
low salinities affect lionfish is an important part 
of understanding the species’ ecology in estuarine 
habitats, as well as predicting potential negative 
effects on the native fauna. 

A recent report provided field and laboratory 
data on lionfish low-salinity tolerance (Jud et al. 
2014). In this study, we follow-up and extend those 
salinity tolerance trials by providing growth and 
survival rates for larger fish over an extended 
period of time and with more salinity treatments.  

Methods 

Fish collection and experimental setup 

Lionfish were collected during the summer of 
2012 from the Florida Keys and off the North 
Carolina coast. Lionfish collected from North 
Carolina waters were transported directly to the 
National Oceanic and Atmospheric Administration 
(NOAA), Center for Coastal Fisheries and Habitat 
Research (CCFHR) in Beaufort, North Carolina. 
Lionfish collected from the Florida Keys were 
held in a flow-through aquaculture system before 
being shipped overnight to CCFHR. All fish were 
placed in a 5,000 L recirculating aquaculture 
system where they were prophylactically treated 
for 24 hours with 30 ppm formalin then for 10 
days with CuSO4 (0.15 ppm) to eliminate potential 
protozoan parasites (e.g. Cryptocaryon irritans 
and Amyloodinium ocellatum). 

The experimental system used in this study 
consisted of four independent recirculating systems 
(“units”), each set at a different salinity. Each of 
the four units consisted of four 100 L cylindro-
concial tanks (56 × 42 cm) and a 170 L sump for 
a total system volume of 570 L. Each unit was 
equipped with a one cubic-foot bubble-washed 
bead filter (Aquaculture Systems Technology LLC, 
LA USA) for biological and mechanical filtration, 
a 25 watt UV sterilizer (Emperor Aquatics Inc., 
PA, USA), and a magnetic drive water pump 
operating at 1200 gallons per hour (Danner 
Manufacturing Inc., NY, USA). Ambient lighting 
was provided by fluorescent lights on a timer 
with a photoperiod of 12L:12D (Biswas et al. 
2005). Temperature was maintained by ambient 
room temperature and a 50 watt heater placed in 

the sump of each system. Aeration was provided 
to each tank by a linear diaphragm air pump 
(Pentair AES, FL, USA) through a single fine-
pore air diffuser (2.5 cm). 

Temperature, pH, dissolved oxygen (DO), and 
salinity were measured daily (one tank per day 
for each treatment, rotating tank numbers each 
day) with a YSI Pro 230 (YSI Inc., OH, USA). 

Salinity challenge 

The four independently-recirculating units provided 
16 tanks for the experiment. Salinity for all four 
units was initially set at 34 and one fish was 
placed in each tank (n = 16 total fish). Fish were 
acclimated to the experimental tanks at 34 for 12 
days, during which time they appeared healthy 
and readily consumed food [dead Menidia menidia 
(Linnaeus, 1766)] offered daily. After the equili-
bration period, each unit was gradually shifted 
(about 1.0 salinity unit per day) to one of four 
salinities [5, 10, 20 and 34 (control)]. Thus, each 
treatment was replicated on four fish. 

Fish were initially placed in tanks on 30 
January 2013, and we began to lower salinities 
on 12 February. All fish were measured (standard 
length [SL], total length [TL] ± 0.5 cm and mass 
± 0.5 g) on 31 January, 1 March, 14 March, 1 
April, and 15 April. Fish that died were measured 
the day they expired. To measure live fish, 
individuals were collected from each tank and 
anesthetized using Tricaine-S (Western Chemical 
Inc., WA USA) at a concentration of 150 ppm. 
After measurements were taken, fish were 
immediately returned to their tanks where they 
began feeding within eight hours. 

One-way analysis of variance (ANOVA) was 
used in SPSS version 13.0 to determine whether 
lionfish differed in initial mass, as well as 
whether environmental conditions (DO, temperature, 
pH) differed between treatments. Levene’s test 
was used to check for heteroscedasticity. When 
variances were homogenous, we used Scheffé’s 
post-hoc test to compare treatments, and when 
variances were not homogenous we used Dunnett’s 
T3 test. A Kaplan-Meier survival estimator was 
used to estimate life expectancy (Kaplan and 
Meier 1958). Growth (grams per day increase in 
mass and centimeters per day increase in SL) of 
the fish was analyzed with a joint linear mixed 
model using Jointlcmm (package lcmm; Proust-
Lima et al. 2015) in R (version 3.1.0; R core team 
2014). Candidate models included time (day) and 
salinity as linear predictors for growth, and 
salinity treatment was the predictor for survival.  
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Figure 1. Mass of lionfish during the 
salinity-tolerance experiment. Each line 
denotes a specific treatment (5, 10, 20 and 
34). Each marker is the mean value for the 
four fish in that treatment. Error bars are ± 
1 SE.  While all fish were measured on 
the same day, markers are slightly offset 
to better visualise error bars. 

 
A subject indicator was included in all models to 
control for repeated measurements. Models were fit  
with maximum likelihood estimators,   and   the 
best overall model for each growth variable was 
selected with AIC (Akaike 1974). The time 
parameter from the final model was used to 
determine unbiased estimates of the gain in mass 
and length of the fish per day (mean ± SE) that 
accounted for mortality. 

Results and discussion 

Lionfish mass did not differ (ANOVA, P = 0.56) 
across treatments at the beginning of the experi-
ment (mean ±SD = 131.2±34.2 g; range 58.5–
202.0 g). Fish used in the experiment ranged 
from 14.0–18.5 cm SL (mean ± SD =15.6±1.3 cm) 
which is equivalent to 19.0–25.0 cm TL (mean ± 
SD = 21.3±1.5 cm) at the beginning of the experi-
ment. Dissolved oxygen, temperature and pH all 
varied significantly among treatments. However, 
these parameters were maintained within acceptable 
ranges (Hoff 1996; Timmons 2002): DO never 
dropped below 6.5 mg L-1; temperature only 
varied 3.5 °C over the course of the experiment 
(range 22.2 to 25.8 °C); and the mean ± SD pH 
was 8.2 ± 0.29. 

All individuals in salinity treatments of 10, 20 
and 34 were alive and feeding at the completion 
of the experiment. The overall experiment ran 
for a fixed length of time (62 days, not counting 

the equilibration period), but because lower salinity 
treatments required longer acclimation periods, 
the “time at salinity” was shorter at lower salinities. 
Thus, time for fish at each salinity was: 62 days 
for the fish at 34; 46 days for fish at 20; and 32 
days for fish at 10. All lionfish in the salinity = 5 
treatment died at 4, 5, 5 and 12 days after 
reaching the target salinity. The Kaplan-Meier 
estimator for survival at salinity 5 was 6.5 days 
(95% confidence interval = 2.9–10.1 days).  

The fish in our study were significantly larger 
than those used by Jud et al. (2014); however, 
our results are comparable. Jud et al. (2014) 
documented survival of lionfish (7.7–18.8 cm 
TL) for 28 days at a salinity of 7, and we showed 
that larger lionfish (19.0–25.0 cm TL) could survive 
for at least one month at salinity of 10 but died 
in about a week when salinities were reduced to 
5. Methodologies of the two studies (ours and 
Jud et al. 2014) were slightly different. In Jud et 
al. (2014), salinities were slowly lowered from 7 
to 4 (the lowest salinity they could tolerate 
before losing equilibrium or dying) by decreasing 
salinities by 1 every 48 hrs. For our experiment, 
salinity was lowered by about 1 every 24 hrs 
until the target salinity was reached. After that, 
fish were maintained at target salinities. Both 
showed lionfish exhibit tolerance to low-salinity 
waters.  

All individuals gained weight during our 
experiment (Figure 1) and at a higher rate than 
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those of Jud et al. (2014; mean = 0.55 g per day 
vs. 0.03 or 0.10 g per day). Moreover, our fish 
continued to grow throughout the experiment 
while fish in the first study lost mass during the 
final two weeks (Jud et al. 2014), probably due 
to reduction in feeding during that time. All of 
our individuals also either stayed the same length 
or grew up to 2.5 cm SL during the experiment 
(mean ± SE = 0.016 ± 0.003 cm SL day-1). Thus, 
while we are able to say that fish grew at salinity 
of 10 for at least a month (this study), it is 
unclear whether this threshold could be extended 
to apply to fish maintained at a salinity of 7 with 
our larger fish. The difference between 7 and 10 
may be biologically insignificant, as tidal 
fluctuation can create salinity differentials of 1 
to 35 within estuaries over a few hours. 
Additionally, both studies showed that lionfish 
are capable of short-term survival at salinities of 
5 (this study) and 4 (Jud et al. 2014). In the field, 
these short time-frames may be sufficient to 
allow lionfish the opportunity to relocate to an 
area with a more tolerable salinity regime or 
withstand tidal fluctuations without moving. 

In some marine fishes, intermediate salinities 
(8–20) have positive effects on growth. Reduced 
salinities are often correlated with lower metabolic 
rates (due to less osmoregulatory demand) and 
increase food conversion rates (Lambert et al. 
1994; Boeuf and Payan 2001; Laiz-Carrión et al. 
2005). However, when salinities are reduced too 
far, conditions can become stressful as more energy 
must be spent on osmoregulation, and growth 
rates decrease (e.g., Sampaio and Bianchini 2002). 
In our study, growth rates were similar across all 
treatments (salinity was non-significant when 
included in growth model, and AIC for model 
without salinity was better), showing that neither 
reduced growth rates from stress nor increased 
growth rates from better feed conversion ratios 
were measurable in lionfish. Similar results were 
found for rabbitfish Siganus rivulatus, that grew 
equally well over a range of salinities from 15 to 
40 (Saoud et al. 2007). 

It is now clear that lionfish from 7.7–25.0 cm 
TL are capable of tolerating low salinities for 
prolonged periods when salinities are slowly 
shifted over time (Jud et al. 2014; this study). 
This corroborates with field evidence (Jud et al. 
2011) and leads to increased concern over their 
colonization of low-salinity habitats. To obtain a 
complete assessment of the ability of lionfish to 
use estuarine habitats throughout their life cycle, 
further research on the effects of salinity on 
early life stages (eggs, larvae) is necessary. 
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