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Abstract Salinity is one of the most important structuring

factors in the distribution and bioenergetics of estuarine

fishes. The aims of this work were to study the distribution

of the sub-Antarctic, eurythermic, euryhaline and coastal

notothenioid Eleginops maclovinus in Lapataia estuary

(Tierra del Fuego National Park), in relation to salinity

conditions, and the effect of salinity on the oxygen con-

sumption of this species. The spread of the mixing zone of

Lapataia was studied and physicochemical properties

(conductivity, pH, temperature and salinity) were mea-

sured. Distribution of E. maclovinus juveniles was inves-

tigated principally by electrofishing in the field. Oxygen

consumption of absorptive and post-absorptive young-of-

the-year individuals (8–10 cm total length) was analyzed

by stop-flow respirometry measurements, performed at

three salinities (1, 12 and 30 psu). The intermediate mixing

zone is relatively small in this system, showing an exten-

sion of *1.5 km upstream from Lapataia Bay. It was

found that there was a strong relationship between the

mixing zone and the distribution of juveniles of E.

maclovinus. No differences were found in the metabolic

baseline at different salinities. A punctual feeding

provoked a typical SDA response, with a significant higher

ingested food and metabolic scope at intermediate salinity

(12 psu). An increased scope was reached by increasing the

energy intake and not through a decrease in the standard

metabolic rate. Under an available food condition, this

capacity could result in an increased growth rate at inter-

mediate salinity.

Keywords Eleginops maclovinus � Metabolism �
Respirometry � Salinity � Estuarial zone � Lapataia Bay

Introduction

The coastal fish Eleginops maclovinus (Cuvier 1830;

Eleginopidae, Notothenioidei; Spanish c. n. róbalo)

belongs to the monospecific family Eleginopidae (Order

Perciformes; Suborder Notothenioidei). Eleginops

maclovinus inhabits the sub-Antarctic coastal waters of

South America, the southernmost point of its distribution

being the Beagle Channel, with a range from Valparaı́so in

the Pacific (Chile, 33�S) to the San Matı́as Gulf (Argentina,

40�S) in the Atlantic Ocean, respectively (Pequeño 1989;

Cousseau and Perrota 2000). Eleginops maclovinus is

considered eurythermic and euryhaline (Pequeño 1989;

Pavés et al. 2005), and it is exposed in nature to a wide

thermal range, from 4 �C (winter, Beagle Channel; Vanella

et al. 2007) to 18 �C (summer, San Matı́as Gulf; Piola and

Falabella 2009). This species inhabits mainly marine and

estuarine environments, although it has been captured in

limnetic areas, where they also feed (Pavés et al. 2005;

Pequeño et al. 2010).

A difference in osmotic concentration of internal fluids

of fishes and their environment must be covered by energy

expenditure (Jobling 1994; Boeuf and Payan 2001). This
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process may involve the alteration of the energy metabo-

lism of osmoregulatory and non-osmoregulatory organs

(Sangiao-Alvarellos et al. 2003) and influences the habitat

selection and the growth performance of fishes (Cardona

2000, 2006). Jobling (1994) highlights that some experi-

mental studies indicate that when euryhaline species are

held in media that are isosmotic or nearly isosmotic with

their body fluids, their metabolic rates are lower than those

of fishes held in either fresh water or seawater. According

to this author, these studies would seem to provide evi-

dence that the energetic costs of ion and osmoregulation

are lower in environments where the gradient between

blood and water is minimal. In this regard, Herrera et al.

(2012) described a lower oxygen consumption rate in

individuals of Solea senegalensis that were acclimated and

maintained at sea water salinity (37.5 psu) than animals

which were acutely changed to low salinity (5 psu) and

high salinity water (55 psu). Boeuf and Payan (2001)

conclude that in fishes, a better growth is often observed in

an intermediate salinity condition, i.e. brackish water, and

this is frequently correlated with a lower standard of

metabolic rate. There is little information about how the

metabolic rate is affected by salinity, even in routine post-

absorptive and absorptive conditions. Vargas-Chacoff et al.

(2014) describe that in E. maclovinus, acclimation to dif-

ferent salinities induced changes in plasma metabolites

(glucose, lactate and proteins), cortisol and Na?K?-

ATPase activity in different organs. Some parameters show

a direct and positive relationship with salinity, while others

show a U-shaped relationship. Moreover, Vargas-Chacoff

et al. (2015) demonstrated a better growth rate for E.

maclovinus chronically exposed for salinities near to the

iso-osmotic point (15 psu) than to the hyper-osmotic

environment (31 psu). These changes are related to an

allostatic energy response, and they likely impact on oxy-

gen consumption. On the other hand, salinity has been

mentioned as one of the factors that could affect the site-

specific value in such as nurseries of intermediate salinity

environments (Beck et al. 2001). For this reason, these

authors suggest that a better understanding of the rela-

tionship between metabolic rate and habitat selection is

necessary.

The complex formed by Lapataia Bay, Lapataia River

and Ovando River (Fig. 1), under the Pritchard (1967)

definition, constitutes an estuary, being ‘‘a semi-enclosed

coastal body of water which has a free connection with

open sea and within which seawater is measurably diluted

with fresh water derived from land drainage’’. The physics

of this system was studied previously by Isla et al. (1999),

who described a limited water exchange with the Beagle

Channel due to a submerged frontal moraine and the

existence of a mixing area located in the Cormoranes

Archipelago zone (Fig. 1). But, the measurements

performed by Isla et al. were made punctually in time, the

tide influence was not studied and the limits of the mixing

zone and its influence on aquatic species distribution were

not known. In addition to E. maclovinus, the Lapataia

estuarine zone is inhabited by other euryhaline fishes such

as Galaxias maculatus (Boy et al. 2007), Odontestes sp.

(Lattuca, pers. comm.) and introduced salmonids like On-

corhynchus tshawytscha (Fernández et al. 2010; Riva Rossi

et al. 2012). The presence of numerous juveniles of E.

maclovinus in the Lapataia estuarine zone highlights the

importance of this area for this species, which is probably

used as a nursery. A possible reason, besides refuge and

food, could be some kind of energetic advantage provided

by the intermediate salinity zone.

The aims of this work were to study the presence of the

sub-Antarctic notothenioid E. maclovinus in the Tierra del

Fuego National Park (TDFNP), Argentina, in relation to

salinity conditions and the effect of salinity on the oxygen

consumption in postabsorptive and absorptive individuals.

Physicochemical parameters of Lapataia Bay and its

vicinities were studied in order to know the extension of

the mixed zone and its influence on the distribution of

juveniles of this species. The results have allowed us to test

the hypothesis that there is an energy saving related to

lower metabolic cost at intermediate salinities, and to relate

this to the distribution of E. maclovinus in Lapataia estu-

arine complex.

Materials and methods

Physicochemical analysis of the estuarine zone

and distribution of E. maclovinus juveniles

Physicochemical properties of Lapataia estuary in the

Beagle Channel were studied, in order to know the spread

of the mixing zone between fresh and marine water and its

relation with the distribution of juveniles of E. maclovinus.

This information was also used to obtain more realistic

parameters with which to conduct the experiments. Each

variable (conductivity, pH, temperature and salinity) was

measured with a Horiba U-10 in nine sites along the

estuary at high and low tide for each season, totaling eight

values per site (Fig. 1).

To study the distribution of juveniles of E. maclovinus,

individuals were captured by electrofishing, with LR-24

backpack unit (Smith-Root Inc.) or with a seine net (10 m

long, 1 m deep, 5 mm mesh size) whenever water con-

ductivity or flow rate prevented the use of the electrofishing

device. On each sampling site (Fig. 1), captured individu-

als were counted and measured at 5 mm total length (TL)

intervals to avoid handling stress and then immediately

returned to the water.
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Oxygen consumption of juvenile E. maclovinus

General information and techniques

Young-of-the-year E. maclovinus (8–10 cm TL) for the

respirometric experiment were captured using a seine net

(10 m long, 1 m high, 5 mm distance between two knots) at

Varela Bay, Beagle Channel (54�52021.1300S; 67�16030.5200W;

70 km west to Lapataia Bay). Experimental animals were

preferred to be captured outside of the National Park in order

to diminish local disturbance. Eleginops maclovinus show a

low level of genetic differentiation, even throughout thou-

sands of kilometers, along Atlantic and Pacific Patagonian

coasts (Ceballos et al. 2015). This added to the high dispersal

capacity and vagility proposed for this species (Ceballos et al.

2012), making predictable a high homogeneity in the Beagle

Channel population and as a consequence no experimental

effects due to the location of capture. The current authors

worked with this life stage because their small size makes

them suitable for working in aquaria and respirometric system.

Furthermore, since E. maclovinus shows protandry as repro-

ductive strategy (Calvo et al. 1992), the current authors were

certain that all specimens usedwere immature males. Animals

were transported to the Centro Austral de Investigaciones

Cientı́ficas (CADIC, Ushuaia, Tierra del Fuego, Argentina)

and held in aquaria.

Holding and acclimation conditions

Animals were maintained for 2 weeks in aquaria at simu-

lated summer conditions (similar to natural conditions at

the moment of the capture) of temperature and daylight

hours (10 �C; photoperiod 17:7 h light:darkness, respec-

tively) and fed twice a week with chopped hake filet meat

until satiation. Salinity of the water was maintained at

30 psu from capture to the beginning of the experiment.

For acclimation, fish were divided into three groups of ten

animals and accommodated in 15 l aquaria (five fish per

aquarium). Then, animals were acclimated gradually for

10 days to experimental salinities (1, 12 and 30 psu). For

this acclimation, the same quantity of water (marine or a

mix of fresh-marine water) was changed in each aquarium

and salinity was diminished progressively. In order to

maintain the rate of change, the quantity of changed water

was progressively greater, from 1.5 to 10 l. In aquaria

destined for acclimation to 30 psu, water was replaced by

Fig. 1 a Geographic location of

Beagle Channel; b estuarine

complex of Lapataia Bay.

Lapataia Bay (L B), Lapataia
River (L R), Ovando River (O
R), Negro Stream (N S),
Lapataia Stream (L S) and
Acigami Lake (A L).
Physicochemical measurement

sites, numbered from 1 to 9.

Arrows indicate fishing points

(1 positive Eleginops

maclovinus fishing; 2 negative

Eleginops maclovinus fishing)
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marine water. For groups of 12 and 1 psu, the rate of

change was 1.8 and 3 psu per day, respectively.

Experimental salinities were chosen because the

extremes (30 and 1 psu) are the upper and lower limits

respectively where E. maclovinus could be found in Fuegian

estuaries, and the intermediate (12 psu) was frequently

observed by the current authors in the mixing zone as

described by Isla et al. (1999) in the Lapataia estuarine

complex. This intermediate salinity (12 psu; 349.46 mOsm/

kg) is also near the mean plasma/serum osmotic concen-

tration as described in Nordlie (2009) for isosmotic estuar-

ine and near-shore marine teleosts (345.1 mOsm/kg).

Temperature, feeding and photoperiod were maintained

constant from holding conditions. After reaching the desired

salinities, these conditions were maintained throughout a

period of 3 days until the respirometric experiment start and

feeding was suspended. This period of time was considered

enough to reach a chronic regulatory period of plasma

osmolality (Sangiao-Alvarellos et al. 2005). Then, the ani-

mals were transferred to the respirometric system which was

filled with water of the same salinity.

Respirometry

The experiments were carried out under simulated summer

conditions of temperature and daylight (10 �C; 17:7 h

light:darkness, respectively). Stop-flow respirometry

chambers were made of translucent plastic material to

prevent visual stimulation from external sources. The

volume of the chambers (490 ml) was found large enough

to allow spontaneous fish movements (Vanella, pers. obs.).

In order to measure oxygen consumption, chambers were

closed and water flow stopped for 1–3 h to make sure O2

saturation was never lower than 80 %. The oxygen con-

sumption values suspected to be influenced by the pho-

toperiod (starting of dark period) were removed.

Oxygen concentration was measured using a 928

6-Channel Oxygen Strathkelvin System, equipped with

1302Microcathode Oxygen Electrodes, which were inserted

into the respirometric chambers. For this kind of electrode,

medium homogenization under actual conditions is not

required. After 3 days inside the chambers, animals were fed

with chopped hake filet in order to study Specific Dynamic

Action (SDA).

Measured variables

The following variables were measured during respirome-

try experiments. Definitions were taken principally from

Secor (2009):

Baseline: Metabolic rate of postabsorptive individuals,

quantified as routine oxygen consumption (mg O2/g/h),

calculated by the mean of data from the last day after

feeding.

Peak: Post-prandial peak in metabolism, quantified as

oxygen consumption (mg O2/g/h).

Scope: Post-prandial peak divided by Baseline.

Duration: Time from feeding when metabolic rate is no

longer greater than baseline values (h).

Meal size: Dry mass of ingested food as percentage of

body mass.

Meal energy: Meal energy determined by bomb

calorimetry (kJ).

SDA: Accumulated energy expended above baseline for

duration of SDA response. It was calculated as caloric

equivalent (1 mg O2: 14.6 J; Johnston and Battram 1993)

of additional oxygen consumed after a single feeding,

relativized by body mass (kJ/g).

SDA coeff: SDA coefficient, calculated as the percent-

age of ingested energy used over routine values during the

SDA process.

Statistics

A one-way analysis of variance (ANOVA) was carried out

in order to test differences between treatments on the

proposed respirometric variables measured. The assump-

tions required by the parametric test (normality and/or

homogeneity of variances) were reached by all variables

studied. Multiple Tukey–Kramer post hoc comparisons

were made when the ANOVA was significant. In all cases,

a = 0.05.

Results

Physicochemical analysis of the estuarine zone

and distribution of E. maclovinus juveniles

A clear predominance of marine conditions was observed

in sites 8 and 9, located in Lapataia Bay (Salinity overall

average: 26.2 and 27.4 psu, respectively; Table 1; Fig. 1).

The more external site, number 9, presented the upper

mean value of salinity even at high and low tide.

The mixing zone extends to sites 2 and 3 in Lapataia

River, and to site 4 in Ovando River, respectively (salinity

overall average: 3.9, 15.0 and 0.5 psu, respectively;

Table 1; Fig. 1). Upstream of these sites, the influence of

seawater measured by salinity is zero (site 1; Lapataia

River) or very low and unusual (fall, site 5; Ovando River).

This area shows the greatest temperatures in summer

(12.30 �C, site 3; 12.50 �C, site 7; low tide).

Analyzing historical sampling in rivers and streams of

the National Park, it was observed that the distribution
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range of juvenile E. maclovinus is restricted to the mixing

zone of marine and fresh water (see Fig. 1).

A few individuals of E. maclovinus were captured at each

sampling site (Fig. 1), except at site 3 (CormoranesBay),where

captures were highest. Figure 2 shows size-frequency distri-

butions at Cormoranes Bay in January 2010 and 2012, which

were the most abundant captures. In 2010, the distribution

shows amode at about 60 mmTL andwith a few individuals of

greater sizes; whereas in 2012 a bimodal distribution is

observed, with one peak similar to 2010 and the other one

smaller (about 50 mm TL). In January 2011 no individuals

were captured, whereas in January 2013 and 2014 a few indi-

viduals were captured (3 and 22, respectively), which were

larger than 130 mm TL, except one of them of 55 mm TL.

Table 1 Physicochemical variables measured in Lapataia estuary

Site Variables Summer Fall Winter Spring Mean ± SD

23 Feb 09 29 May 09 23 Jul 09 02 Oct 09

LT HT LT HT LT HT LT HT LT HT

1 pH 7.97 7.93 8.95 8.52 7.95 8.59 8.02 7.82 8.22 ± 0.49 8.22 ± 0.40

Cond. (mS/cm) 0.069 0.069 0.105 0.071 0.073 0.78 0.073 0.072 0.08 ± 0.02 0.25 ± 0.35

Temp. (�C) 11.3 11.8 6.30 5.30 3.80 4.40 4.70 5.50 6.53 ± 3.35 6.75 ± 3.40

Salinity (psu) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 ± 0.0 0.0 ± 0.0

2 pH 7.90 8.03 8.32 8.42 7.60 8.19 8.08 7.93 7.98 ± 0.30 8.14 ± 0.21

Cond. (mS/cm) 0.076 8.49 7.25 14.10 0.52 22.20 0.081 3.88 1.98 ± 3.52 12.17 ± 7.89

Temp. (�C) 11.00 11.20 6.10 5.50 3.80 5.30 4.60 5.50 6.38 ± 3.23 6.88 ± 2.88

Salinity (psu) 0.0 4.7 3.7 7.2 0.1 13.5 0.0 1.9 1.0 ± 1.8 6.8 ± 4.9

3 pH 8.29 8.07 8.04 8.29 7.55 8.20 8.64 7.90 8.13 ± 0.46 8.12 ± 0.17

Cond. (mS/cm) 27.2 44.80 22.20 24.70 30.60 23.90 8.39 19.10 22.10 ± 9.77 28.13 ± 11.39

Temp. (�C) 12.30 10.20 5.40 4.00 4.30 4.08 5.70 6.60 6.93 ± 3.63 6.22 ± 2.92

Salinity (psu) 16.4 28.4 12.9 14.7 17.9 13.9 4.4 11.0 12.9 ± 6.0 17.0 ± 07.8

4 pH 8.00 7.89 8.34 8.70 8.20 8.22 8.12 7.71 8.17 ± 0.14 8.13 ± 0.43

Cond. (mS/cm) 0.081 0.072 2.39 1.01 1.37 5.62 0.90 0.091 1.19 ± 0.96 1.70 ± 2.65

Temp. (�C) 10.8 11.90 4.90 3.40 2.50 3.30 4.50 5.40 5.68 ± 3.57 6.00 ± 4.05

Salinity (psu) 0.0 0.0 1.1 0.1 0.5 2.1 0.0 0.0 0.4 ± 0.5 0.6 ± 1.0

5 pH 7.95 8.25 8.36 8.71 8.30 8.42 8.05 7.94 8.17 ± 0.20 8.33 ± 0.32

Cond. (mS/cm) 0.081 0.082 2.10 0.86 0.25 0.092 0.15 0.22 0.65 ± 0.97 0.31 ± 0.37

Temp. (�C) 11.50 13.2 4.20 4.30 2.70 3.30 5.20 7.10 5.90 ± 3.87 6.98 ± 4.45

Salinity (psu) 0.0 0.0 0.9 0.0 0.0 0.0 0.0 0.0 0.2 ± 0.5 0.0 ± 0.0

6 pH 8.28 8.34 8.11 8.28 7.88 8.13 8.50 8.15 8.19 ± 0.26 8.23 ± 0.10

Cond. (mS/cm) 7.78 18.30 18.00 16.50 9.60 7.63 1.51 12.00 9.22 ± 6.80 13.61 ± 4.79

Temp. (�C) 11.30 11.30 5.50 4.60 3.80 3.00 4.90 6.10 6.38 ± 3.36 6.25 ± 3.60

Salinity (psu) 4.2 11.0 10.0 8.3 5.0 3.8 0.4 6.6 4.9 ± 3.9 7.4 ± 3.0

7 pH 7.99 7.86 8.32 8.92 8.29 8.36 7.92 8.01 8.13 ± 0.20 8.29 ± 0.47

Cond. (mS/cm) 0.71 1.38 1.09 7.32 0.26 0.57 1.14 0.45 0.80 ± 0.41 2.43 ± 3.29

Temp. (�C) 12.50 12.80 3.10 1.30 2.70 1.80 6.20 8.20 6.13 ± 4.53 6.03 ± 5.50

Salinity (psu) 0.3 0.6 0.4 0.2 0.0 0.2 0.0 0.1 0.2 ± 0.2 0.3 ± 0.2

8 pH 8.13 7.93 8.24 8.39 7.81 8.10 8.42 8.32 8.15 ± 0.26 8.19 ± 0.21

Cond. (mS/cm) 44.60 43.30 47.10 42.40 46.50 21.20 47.00 45.80 46.30 ± 1.16 38.18 ± 11.41

Temp. (�C) 9.30 9.60 6.60 2.20 6.00 3.40 6.30 7.60 7.05 ± 1.52 5.70 ± 3.48

Salinity (psu) 27.5 27.5 29.4 25.6 29.2 12.1 29.4 28.8 28.9 ± 0.9 23.5 ± 7.7

9 pH 8.10 8.09 8.38 8.52 7.96 8.15 8.77 8.44 8.30 ± 0.36 8.30 ± 0.21

Cond. (mS/cm) 45.20 42.20 47.00 45.00 46.50 33.70 46.70 44.50 46.35 ± 0.79 41.35 ± 5.24

Temp. (�C) 9.50 9.70 6.60 3.30 5.80 4.00 6.20 7.40 7.03 ± 1.68 6.10 ± 2.99

Salinity (psu) 28.5 26.8 29.5 27.9 28.9 20.6 29.3 27.9 29.1 ± 0.4 25.8 ± 3.5

LT low tide, HT hide tide. Measured variables: pH; Conductivity (Cond); Temperature (Temp); Salinity
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At site 7, 6 individuals were captured measuring

between 40 and 55 mm TL (January 2013); and 48

between 70 and 145 mm TL (January 2014; Fig. 2). The

individuals captured at site 8 (n = 3) were larger than

115 mm TL (January 2011). Finally, at site 9 only one

individual of 85–90 mm TL (January 2013) and another

one individual of 105–110 mm TL (January 2014) were

captured.

Respirometry

Measured variables of respirometric experiment are syn-

thesized in Table 2.

The baseline was not affected by salinity, showing an

average value of 0.080 ± 0.015 mg/h/g. Nevertheless,

differences in metabolic response were observed after a

punctual meal, during the SDA process.

At a salinity of 12 psu, the SDA process was signifi-

cantly longer (duration: *69 h), and peak and scope were

higher. The peak showed a value that was 1.2 and 1.5 times

greater, compared with the one measured at a salinity of 1

and 30 psu, respectively, whereas scope was 1.24 and 1.59

times greater in animals acclimated to 12 rather than to 1

and 30 psu, respectively.

Salinity also affected food ingestion by E. maclovinus.

Meal size and meal energy showed significant differences
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Fig. 2 Size-frequency

distributions of Eleginops

maclovinus in Tierra del Fuego

National Park: a, b Cormoranes

Bay; c Negro Stream. Only

years with n[ 45 individuals

are shown (see ‘‘Results’’

section). TL total length
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between groups. The greatest meal size was reached by fish

maintained at 12 psu, exhibiting a value of 2.36 and 1.36

times that of the one obtained at 1 and 30 psu, respectively.

In consequence, meal energy was affected similarly, being

higher at 12 psu, in 1.46 and 1.89 times that at 30 and

1 psu, respectively.

Regarding the energy allocated to digestion and

absorption, SDA was significantly greater in animals

maintained at a salinity of 12 rather than at 30 and 1 psu,

being the approximate two-fold value. SDA coeff showed a

similar tendency, but without significant differences.

Discussion

No effect of salinity was observed in the baseline of E.

maclovinus. This result is not in agreement with the general

idea of the ‘‘isosmotic hypothesis’’ (Jobling 1994) that

when euryhaline species are held in media that are isos-

motic with their body fluids, their metabolic rates are lower

than those individuals held in either fresh water or sea-

water. Our oxygen consumption results did not show

energetic evidence of the Vargas-Chacoff et al. (2014)

findings, although these authors calculated an iosmotic

salinity (11 psu) very near to the one used by us (12 psu).

They described, with decreasing salinities under chronic

conditions, an increased concentration of cortisol, lactate

and protein, and an elevated Na?K?-ATPase activity in

posterior intestine. However, Vargas-Chacoff et al. (2015)

have described no differences in plasma cortisol level in

individuals exposed to 5, 15 and 31 psu, and they inter-

preted this in the same way as for E. maclovinus which do

not appear to exhibit chronic stress. Those authors

hypothesize that there could be a discrepancy which can be

explained by different times of acclimation. It is remark-

able that the rate of exchange of salinity used in this work

was designed to reach chronic acclimation. The baseline of

*0.08 mg O2/h/g calculated for E. maclovinus in the

current work agrees with the values predicted by the mass

equation described in Vanella and Calvo (2005) for ani-

mals of this size. Nevertheless, the well-known euryhaline

condition of E. maclovinus could keep this species in the

‘‘Type I’’ response group described by Morgan and Iwama

(1991). According to these authors, euryhaline fishes which

move freely through waters generally demonstrate that

metabolic rate does not change over a wide range of

salinities. A possible explanation for this lack of effect in

baseline could be a compensation between the enhance-

ment of some metabolic pathways at extreme salinities and

a downregulation of others, resulting in a similar net bal-

ance. However, this tendency was not observed in almost

all other respirometric variables, measured after a punctual

meal.

Peak, Scope and Duration clearly demonstrate an

influence of salinity which is not apparently related to a

drop in routine metabolic rate, since those variables

Table 2 Variables measured

during respirometric experiment

at diverse salinities

Salinity (psu) Test

30 12 1

Body mass (g) 4.65 ± 0.97 4.72 ± 0.81 5.86 ± 1.53 ANOVA

p = 0.1237

Baseline (mg O2/h/g) 0.081 ± 0.01 0.078 ± 0.01 0.077 ± 0.02 ANOVA

p = 0.7102

Peak (mg O2/h/g) 0.19 ± 0.04a 0.29 ± 0.06b 0.23 ± 0.05a ANOVA

p = 0.0006

Scope 2.40 ± 0.57a 3.81 ± 0.88b 3.07 ± 0.75a ANOVA

Baseline/peak p = 0.0012

Duration (h) 66.67 ± 20.86a 69.27 ± 4.44b 47.02 ± 3.13a ANOVA

p\ 0.0003

Meal size 1.72 ± 0.61a 2.43 ± 0.39b 1.03 ± 0.43c ANOVA

p\ 0.0001

Meal energy (kJ) 1.73 ± 0.47a 2.53 ± 0.36b 1.34 ± 0.83a ANOVA

p\ 0.0004

SDA (kJ/g) 0.05 ± 0.02a 0.11 ± 0.06b 0.04 ± 0.01a ANOVA

p\ 0.0055

SDA coeff 14.12 ± 8.54 21.76 ± 13.37 17.59 ± 8.97 ANOVA

p = 0.2922

Different superscript letters indicate significant differences between treatments
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showed the greatest values at intermediate salinity. The

explanation could be in the quantity of food ingested by E.

maclovinus. Meal size at 12 psu was 41.2 and 135.9 %

greater than the meal sizes observed at 30 and 1 psu,

respectively. This is in accordance with the findings of

Vargas-Chacoff et al. (2015) that acclimation of E.

maclovinus to near-isosmotic conditions enhanced growth

and confirms partially the low ingestion rate proposed by

those authors, related with a lower acid digestive prote-

olytic activity at low salinity. This feeding behavior was

observed previously for other fishes. Boeuf and Payan

(2001) conclude that there are many indications suggesting

that better growth in brackish water would depend on

controlled food intake, because many species adapt their

food ingestion to the external water salinity. A possible

advantage of an increased ingestion could be hypothesized.

Brodeur et al. (2003) have described for Harpagifer bis-

pinis (Forster, 1801), another sub-Antarctic notothenioid, a

direct stimulation of myogenic cell proliferation by feeding

and a close relationship between time-courses of the SDA

and the activation and proliferation of the myogenic pro-

genitor cells. Given that the axial muscle represents

approximately 65 % of the total muscle mass (Weatherley

et al. 1979), increased proliferation of myogenic progenitor

cells would influence on somatic growth of individuals.

According to Brodeur et al. (2003), this cell proliferation

may contribute to increasing the energetic expenditures

that constitute the SDA. The greatest aerobic scope found

here at intermediate salinity indicates an increased capacity

to support an elevated metabolic rate by juvenile E.

maclovinus within this condition.

Lapataia Bay showed a clear prevalence of marine

characteristics, with a pattern of temperature and salinity

similar to the one observed at the open Beagle Channel

(Vanella et al. 2007). Data from captures in rivers and

streams of the Tierra del Fuego National Park show that

the distribution range of juvenile E. maclovinus is

restricted to the mixing zone of marine and fresh water.

Following Isla et al. (1999), the complex conformed from

Lapataia Bay to Acigami Lake could be understood as an

estuary. This coastal water system has a fluent but limited

connection with the Beagle Channel. In the midsection of

the estuary, in the vicinity of Cormoranes Bay, water has

an intermediate salinity (site 3, Table 1; Isla et al. 1999).

In this site the smallest and most abundant captures of E.

maclovinus were found and their sizes, mostly about

60 mm TL, correspond to 1-year old individuals as

described by Huergo et al. (1996). Many fish species

select intermediate water salinities of estuaries as nurs-

eries, where they find advantageous conditions for their

development (Beck et al. 2001; da Silva Rocha et al.

2005). These conditions could be altered by environ-

mental events that modify physical characteristics, such as

droughts (Dolbeth et al. 2008) or fresh water inputs in

coastal zones (Quiñones and Montes 2001). However, an

environment that stimulates food acquisition and offers

enough resources could constitute a considerable advan-

tage for a species with the metabolic capacity to allocate

energy in the rise of metabolic rate caused for SDA.

Further, this environment would be particularly advanta-

geous for species which show a considerable rise in their

growth rate at high temperatures (Vanella et al. 2012).

These two conditions (allocation of energy by raising the

metabolic rate, and increasing growth with increasing

temperatures) are satisfied by E. maclovinus, which shows

the greatest metabolic scope at intermediate salinity. Of

the three sectors of an estuary defined by Fairbridge

(1980), marine or lower estuary, middle estuary and upper

or fluvial estuary, juveniles of E. maclovinus clearly select

the intermediate salinity zone of Lapataia estuarine

complex, characterized by a high mixture of fresh water

and seawater. This idea is clearly supported by the find-

ings of Vargas-Chacoff et al. (2014) about the time-

course changes of plasma osmolality after osmotic chal-

lenge, that indicate a better capacity of E. maclovinus to

acclimatize to lower rather than to higher environmental

salinities.

Conclusions

The strong association found between the distribution of

juvenile E. maclovinus and the mixing zone of the studied

estuary might be related to the higher energetic scope at

intermediate salinities. Present work shows that this

increased scope is reached by increasing the energy intake

and not through a decrease in the standard metabolic rate,

which seems to be an extended mechanism across fish

species.
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