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Jen-Chieh Shiao, Chien-Yu Chen, Jie Zhang, and Yoshiyuki Iizuka (2016) Salangid icefish (Salangidae) 
are commercially important species and are widely distributed in lakes, rivers, estuaries, and coastal area of 
Asia. This study examined their habitat use and migratory patterns by analyzing otolith microstructure and Sr/
Ca ratios. Neosalanx tangkahkeii and Protosalanx chinesis collected in the isolated freshwater Taihu Lake in 
China showed consistently low otolith Sr/Ca ratios (< 5.0 × 10-3, mean + 2 SD), which were used to represent 
the freshwater residence. Another batch of P. chinesis collected from the Yangtze River estuary of China also 
showed low otolith Sr/Ca ratios (< 5.5 × 10-3, mean + 2 SD) throughout the life history, suggesting that these 
fish only use freshwater environments. A group of N. tangkahkeii collected in the Pearl River estuary of China 
showed otolith Sr/Ca ratios between 10.0 × 10-3 and 30.0 × 10-3, indicating habitat shifts between brackish and 
marine environments. Salanx ariakenesis collected in the Yangtze River estuary showed variable and higher 
otolith Sr/Ca ratios between 1.6 × 10-3 and 36.5 × 10-3, exhibiting the diverse migratory patterns between the 
river and the sea with the habitat shifts occurring at the juvenile, young, and adult stages. Neosalanx anderssoni 
collected in the Bohai Sea, China only used marine habitats based on their consistently high otolith Sr/Ca ratios 
with the mean values of each fish varying between 20.7 × 10-3 and 24.6 × 10-3. The habitat use by the icefish 
may differ within and among species. Different migratory patterns can coexist in the same species e.g., S. 
ariakenesis. The euryhaline icefish, even those living in the estuary or coastal water, do not necessarily migrate 
between the sea and rivers, suggesting their high plasticity of habitat use and facultative anadromous behaviors.

Key words: Otolith, Sr/Ca ratios, Icefish, Life history, Migration.

*Correspondence: E-mail: jcshiao@ntu.edu.tw; zhangjie@ioz.ac.cn

BACKGROUND

Icefish belong to the family Salangidae and 
comprise five genera and 18 species (Zhang and 
Qiao 1994; Zhang et al. 2007). Salangid icefish 
are believed to have originated from the inshore 
areas of the East China Sea and have adapted 
to very different environments through multiple 
unrelated founding events (Zhao et al. 2011). The 
icefish are endemic to eastern Asia and are widely 
distributed in lakes, rivers, estuaries and coastal 
areas of the northwest Pacific (Sokolovskaya et 
al. 1998; Nakabo 2002). The icefish feed mainly 

on zooplankton and have a life span of about one 
year (Liu 2001). All the icefish are small-sized, 
transparent and high valued fish. The biomass 
of some icefish species has seriously declined in 
recent years due to the destruction of spawning 
grounds, over-fishing, water pollution, and habitat 
fragmentation (Wang et al. 2005; Kang et al. 2013). 

Studying the habitat use and migratory life 
history of the fishes can provide useful knowledge 
for the effective management and conservation 
of these important fishery species. However, it is 
not possible to trace the migration of the icefish by 
the conventional tagging due to their fragile and 
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small body, usually less than 10 cm. Therefore, 
reports for freshwater residence or anadromous 
migration of the icefish are usually based on field 
observation (Chen 1956; Sun 1990). Alternatively, 
Xie et al. (2001) reported the migration of juvenile 
Ariake icefish (Salanx ariakensis) from Yalujiang 
estuary, Liaoning Province to the Yellow Sea for 
overwintering based on few samples analyzed for 
the otolith Sr/Ca ratio. Yamaguchi et al. (2004) 
applied the same approach of otolith chemical 
analysis on a large sample size of Salangichthys 
microdon and further revealed wide habitat use 
and diverse migratory patterns of this species in 
Japan.

Otoliths are biomineral structures inside 
the inner ear of teleost fish, and are part of the 
balance and auditory systems. The periodic 
increments in the otolith provide a means of 
determining age, and incremental width changes 
can be associated with important life history events 
such as hatching in different seasons (Wu et al. 
2011) and metamorphosis (e.g., Campana 2005). 
Otolith elemental compositions such as Sr/Ca 
ratio naturally mark periods of freshwater (i.e., low 
Sr/Ca ratio) and seawater (i.e., high Sr/Ca ratio) 
residence (Gillanders 2005; Elsdon et al. 2008) 
and have been used to reveal the occupancy 
pattern of many diadromous species including the 
catadromous eel (Shiao et al. 2006), anadromous 
grenadier anchovy (Coilia mystus) in the Yangtze 
River estuary (Yang et al. 2006) and the grey 
mullet (Chang and Iizuka 2012).

For the icefish living in the coastal areas 
and estuaries, their habitat use and migratory 
patterns remain unclear due to difficulties in 
species identification and limitations with current 
methods of field observation and catch analysis. 
Furthermore, sympatry is very common in salangid 
icefish belonging to different genera (Chen 1956; 
Takita 1995). Whether the sympatric species 
have different microhabitat preferences (e.g., 
salinity tolerance) or temporal shifts when using 
coastal areas and estuaries, remain unknown. 
The wide distributions of the icefish across diverse 
environments suggest phenotypic plasticity in 
habitat use of the same species. Therefore, this 
study aims to clarify the habitat use and migratory 
life history of icefish belonging to three genera and 
four species, including Neosalanx anderssoni, N. 
tangkahkeii, Salanx ariakensis and Protosalanx 
chinensis. The results of this study may reveal the 
ambiguous parts of icefish autecology and will also 
provide further insight into the habitat preferences 
of closely related icefish species in the estuary and 

costal waters.

MATERIALS AND METHODS

Fish collection and sampling areas

Although icefish resource has been heavily 
exploited, the four species in the present study 
are not on any IUCN Red List or Chinese Red 
List. These species are high valued fish, being 
harvested only by fyke nets with small mesh sizes, 
and such commercial catching of icefish has a 
long history in China. Icefish are small-sized with 
fragile skin and very vulnerable to low oxygen. 
Thus, it is very difficult to bring individuals alive to 
the lab after being collected. All the samples were 
purchased from the local fishermen. Neosalanx 
anderssoni were collected in the Bohai Sea 
near Qinhuangdao Port, Hebei Province (Fig. 
1), where seawater salinity fluctuates between 
30.1 to 31.5 (mean = 31.0). Salanx ariakensis 
and Protosalanx chinensis were collected in 
the Yangtze River estuary (Shanghai City) from 
freshwater to brackish environments (salinity: 0.01-
9.7). Neosalanx tangkahkeii were collected in the 
Pearl River estuary (Guangdong Province), which 
is a brackish to marine environment (salinity: 13.2-
25.6, mean = 19.4) (Wong et al. 1995). Additional 
batches of N. tangkahkeii and P. chinensis were 
collected in the freshwater Taihu Lake (Jiangsu 
Province, salinity: < 1, Ni and Zhu 2005). Since 
Taihu Lake is isolated from both the Yangtze River 
and the East China Sea, the icefish collected from 
this lake only record the freshwater signature in 
the otolith Sr/Ca ratios. Sampling information is 
summarized in Table 1. Species were identified 
following Zhang and Qiao (1994) and Zhang et 
al. (2007). In order to ensure accurate species 
identification for the neotenic family, morphology-
based species identification was further confirmed 
by DNA barcodes (Zhang et al. 2007).

Otolith preparation and Sr/Ca analysis

Sagittal otoliths were extracted from the fish 
under a stereo microscope, cleaned, dried and 
embedded in Epofix resin (Struers, Demark) after 
measuring the total length and weight of the fish. 
The embedded otoliths were then mounted on a 
slide and polished along the sagittal plane by a 
Buehler Metaserv grinder-polisher (Buehler, USA) 
at a speed of 300 rpm with wet-polishing paper of 
2,400-grit. The polished otoliths were periodically 
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checked under a compound light microscope (BX-
51 Olympus, Japan). When the core was revealed 
on the surface, final polishing was done with a 
wet-polishing cloth and 0.05 μm alumina powder 
(Buehler, USA) to smooth the otolith surface. The 
otoliths were coated with a layer of carbon (Q150T 
E, Quorum Technologies Ltd., UK) to increase 
the electron conductance when analyzed by the 
electron probe microanalyzer (EPMA, JEOL JXA-
8900R, JEOL, Japan).

Secondary and backscattered electron 
images were used to guide the analysis on target 
positions located along the longest axis from 
the primordium to the edge at 10 μm intervals. 
Beam conditions were 15 kV for the acceleration 
voltage and 3 nA for the current, with a 5 × 4 μm 
rectangular scanning beam size. The wavelength 
dispersive spectrum at the Sr Lα peak position 
was measured for 80 s and each of the upper and 
lower baselines for 20 s. The peak concentration 
of Ca Kα was measured for 20 s and each of the 
upper and lower baselines for 10 s. Synthesized 
aragonite (CaCO3) and strontianite [(Sr0.95Ca0.05)
CO3; NMNH R10065] were used as standards to 
calibrate the concentration of Ca and Sr in the 
icefish otoliths, respectively. The Sr/Ca ratio was 
calculated after a correction using the PRZ (phi-
rho-z) method (Goldstein et al. 1992; Reed 1997). 
Analytical errors were smaller than 0.05 wt% in Sr 
(Iizuka 2012).

Age determination

After microchemical analysis, the otoliths 
were polished to remove the carbon coating and 

Fig. 1.  Approximate sampling locations (indicated by the 
arrows) of the icefish in the Bohai Sea, the Yangtze River 
estuary, Taihu Lake and the Pearl River estuary.

Table 1.  Biological and sampling information of the icefishes used for otolith Sr/Ca ratio analysis

Species (code) Sampling site Date Standard length (cm)
Mean (range) otolith Sr/Ca 

ratios

Neosalanx anderssoni (NA1) Bohai Sea Spring 2004 8.6 ± 0.6
22.6 ± 3.9 × 10-3

(12-32 × 10-3, N = 9)

Neosalanx tangkahkeii (NT5) Taihu Lake 15 October, 2009 5.7 ± 0.6
3.0 ± 1.0 × 10-3

(0-6 × 10-3, N = 8)

Neosalanx tangkahkeii (NT3) Pearl River estuary 1 July, 2004 4.4 ± 0.2
19.5 ± 1.2 × 10-3

(10-29 × 10-3, N = 10)

Protosalanx chinensis (PC1) Taihu Lake 31 March, 2005 9.9 ± 0.4
3.4 ± 0.2 × 10-3

(0-7 × 10-3, N = 8)

Protosalanx chinensis (PC2) Yangtze River estuary Autumn, 2006 10.0 ± 0.4
3.3 ± 1.1 × 10-3

(0-6 × 10-3, N = 8)

Salanx ariakensis (SA1) Yangtze River estuary 9 August, 2006 12.3 ± 0.7
19.9 ± 5.5 × 10-3

(7-32 × 10-3, N = 10)

Salanx ariakensis (SA2) Yangtze River estuary 28 September, 2006 12.8 ± 1.9
19.7 ± 6.0× 10-3

(2-32 × 10-3, N = 8)
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etched with 0.1 M HCl for 15 seconds to reveal the 
growth increment (Fig. 2) for age determination 
under a compound light microscope equipped with 
a digital camera (DP-71, Olympus, Japan). A daily 
growth increment was validated for the icefish P. 
hyalocranius (Fu et al. 1997) and examined for 
N. taihuensis (Wu et al. 2011). The otolith growth 
increment was assumed deposited daily for the 
icefish examined in this study.

RESULTS

Neosalanx tangkahkeii (NT5) and Protosalanx 
chinensis (PC1) collected from the freshwater 
Taihu Lake showed consistently low Sr/Ca ratios 
from the otolith core to the edge (Figs. 3a, b), with 
the mean values of each fish varying from 2.8 

× 10-3 (NT5-8) to 3.6 × 10-3 (PC1-3). The mean 
values (± 1 standard deviation) for all NT5 and 
PC1 icefish were 3.0 ± 1.0 × 10-3 (NT5-8) and 3.3 
± 1.1 × 10-3, respectively. The otolith Sr/Ca profiles 
of these icefish from the Taihu Lake were regarded 
as typical freshwater residence.

Another group of P. chinensis (PC2) collected 
from the Yangtze River estuary also showed low 
otolith Sr/Ca ratios throughout their life, with the 
mean values for each individual varying from 3.1 × 
10-3 (PC2-4) to 3.5 × 10-3 (PC2-9) (Fig. 3c). These 
profiles were consistent with icefish collected from 
the Taihu Lake, suggesting that these fish resided 
all their life in the freshwater environment of the 
Yangtze River.

Another 10 fish of N. tangkahkeii (NT3) 
collected from the Pearl River estuary demon-
strated high otolith Sr/Ca ratios with data varying 
between 10.0 × 10-3 to 30.0 × 10-3 (Fig. 4). The 
otolith Sr/Ca ratios before 60 μm from the core 
differed among the fish with large variations from 
10.0 × 10-3 to 25.0 × 10-3. After that, the values 
gradually increased to the highest values near or 
at the otolith edge for all individuals. The mean 
otolith Sr/Ca ratios of each individual varied from 
17.6 × 10-3 to 21.2 × 10-3.

N. anderssoni (NA1) collected from Bohai 
Sea (Fig. 5) also showed high Sr/Ca ratios from 
the core to the edge of the otolith with mean values 
of each fish varying from 20.7 × 10-3 to 24.6 × 10-3. 
Before 80 μm from the core, the values varied from 
10 × 10-3 to 27 × 10-3 among the nine fish, without 
a consensus pattern. The values then increased 
and reached a plateau between 150-200 μm for all 
individuals, followed by a decreasing trend to the 
otolith edge.

S. ariakensis (SA1 and SA2) collected 
from the Yangtze River estuary showed different 
ontogenetic patterns of otolith Sr/Ca ratios 
among the 18 fish (Fig. 6), with a minimal value 
of 1.6 × 10-3 (SA2-4) to a maximal value of 36.5 
× 10-3 (SA1-7). SA2-4 had the lowest otolith Sr/
Ca ratios (< 3 × 10-3) before 30 μm from the core 
suggesting that the fish hatched and resided in 
freshwater during its early life stage. The values 
then dramatically increased to a peak of 33.6 
× 10-3 at 120 μm, followed by a decrease to a 
level between 15 × 10-3 to 26 × 10-3, suggesting 
migration to seawater and remaining in the high 
saline environments for the remainder of its life. 
SA1-1, SA1-5 and SA2-3 also had relative low 
otolith Sr/Ca ratios from approximately 8.0 × 10-3 
to 10.5 × 10-3 near the core, with increasing values 
to > 30.0 × 10-3 around 90-120 μm (Fig. 6a). These 

50 μm 

Fig. 2.  Otolith of the icefish (Neosalanx anderssoni) collected in 
Qinhuangdao (Bohai Sea) showing the daily growth increments 
and electron microprobe transect from the core to the edge for 
measuring Sr/Ca ratios. Arrows point out the rectangular beam 
marks after the analysis by the eletron microprobe.
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Sr/Ca ratio profiles suggested that SA2-4, SA1-
1, SA1-5 and SA2-3 were hatched and resided in 
the freshwater or brackish water during the first 
five to ten days post hatching before these fish 
were transported to seawater environments for 
the remaining life. Another 5 fish (SA1-2, SA1-

7, SA2-6, SA2-7, SA2-10) showed migration from 
the sea to the river during the adult stage based 
on a declining Sr/Ca ratios from > 20.0 × 10-3 to 
around 6.0 × 10-3 to 9.0 × 10-3 near the otolith edge 
(Fig. 6b). The remaining individuals have otolith 
Sr/Ca ratios > 12 × 10-3 from the core to the edge 

Fig. 3.  Consistently low otolith Sr/Ca ratios of the icefish, Neosalanx tangkahkeii (a) and, Protosalanx chinensis (b) collected from 
Taihu Lake and Protosalanx chinensis (c) collected from the Yangtze River estuary.
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suggesting whole-life residence in the ocean (Fig. 
6c).

DISCUSSION

Reliability of otolith Sr/Ca ratios in interpreting 
habitat use of icefish

Otolith Sr/Ca ratio is positively correlated 
with Sr concentration in the water and salinity 
(Campana 1999; Bath et al. 2000) and more than 
80% of the otolith Sr content is derived from the 
surrounding water for both freshwater and marine 

species (Farrell and Campana 1996; Walther and 
Thorrold 2006). Fish living in Sr-poor fresh water 
usually show consistent low levels of otolith Sr/Ca 
ratios (e.g., Shiao et al. 2006; Lamson et al. 2006; 
Thibault et al. 2007, 2010) while fish living in Sr-
rich fresh water may have similar or even higher 
values than the otolith Sr/Ca ratios of marine fishes 
(Kraus and Secor 2004). In this study, we used 
the habitat discrimination critical value method 
(e.g., Jessop et al. 2012) to determine a threshold 
value between freshwater and brackish/seawater 
residences of the fish although other method e.g., 
linear discriminant analysis can also be used 
(Jessop et al. 2013). 

Fig. 4.  Icefish (Neosalanx tangkahkeii) collected from the Pearl River estuary display consistently high otolith Sr/Ca ratios, indicating 
brackish and marine residence for these 10 fish.

Fig. 5.  Icefish (Neosalanx anderssoni) collected from Qinhuangdao (Bohai Sea) display variably high otolith Sr/Ca ratios, indicating 
marine residence for the fish.
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N. tangkahkeii and P. chinensis living in the 
freshwater Taihu Lake only record freshwater 
signature in the otolith Sr/Ca ratios. The mean 
Sr/Ca ratios of N. tangkahkeii and P. chinensis 

plus 2 standard deviations were 5.0 × 10-3 and 
5.5 × 10-3, respectively and these values were 
used as a threshold between freshwater and 
brackish waters in this study. This result agrees 

Fig. 6.  Icefish (Salanx ariakensis) collected from the Yangtze River estuary show diverse otolith Sr/Ca profiles that represent whole-life 
residence in the sea (a), the movement from the river to the sea at during juvenile stage (b) and the movement from the sea to the river 
at adult stage (c).
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with previous studies and supports the hypothesis 
proposed by Chen (1956) that N. tangkahkeii living 
in the Taihu Lake only use freshwater habitats 
and is thus a landlocked population. Geological 
studies suggest that the Taihu Lake was a bay 
of the East China Sea during the Holocene and 
was gradually sealed into a freshwater lake by 
the growing deltas of the Yangtze and Qiantang 
rivers (Wu et al. 2012). Xie et al. (2001) did not 
report the criteria used to define the freshwater 
and brackish/seawater residence of S. ariakensis. 
However, the comparable values of otolith Sr/Ca 
ratios between 6.8 × 10-3 and 7.7 × 10-3 (Arai et al. 
2003) or 4.7 × 10-3 (Yamaguchi et al. 2004) were 
used to discriminate freshwater from brackish/
seawater residence of the icefish Salangichthys 
microdon. The asymptotic relationship between 
otolith Sr/Ca ratios and salinity makes it difficult 
to define the boundary between brackish and 
seawater residence of the icefish by otolith Sr/Ca 
ratios as found in other species (e.g., Tabouret et 
al. 2010). It has also been reported that variations 
of otolith Sr/Ca ratios of marine fish cannot be fully 
explained by Sr concentration in the sea water 
(Elsdon et al. 2008; Brown and Severin 2009). 
Fish living in a brackish estuary might have similar 
or higher otolith Sr/Ca ratios than the values in 
the marine fish otoliths (Tabouret et al. 2010). 
Simultaneous use of Sr/Ca and Ba/Ca ratios may 
be better at distinguishing brackish and marine 
residence of the fish (Tabouret et al. 2010; Feutry 
et al. 2011). Nevertheless, otolith Sr/Ca ratios 
by themselves remain useful for the detection of 
habitat shifts between freshwater and brackish/sea 
waters of the icefish.

Anomaly of high Sr/Ca ratios in the otoliths of 
icefish

It is worth noting that the highest values 
of icefish otolith Sr/Ca ratios are larger than 
the values reported for most other species. 
Otolith Sr/Ca ratios can reach more than 20.0 
× 10-3 in P. chinensis and 30.0 × 10-3 to 37.0 
× 10-3 in N. anderssoni, S. ariakensis and N. 
tangkahkeii. Otolith Sr/Ca ratios as high as 25.0 
× 10-3 to 30.0 × 10-3 have been reported in the 
icefish Salangichthys microdon (Arai et al. 2003; 
Yamaguchi et al. 2004). Such high Sr/Ca ratios 
are only found in stout eelblenny (Anisarchus 
medius, Sr/Ca ratio = 30.0 × 10-3) and anadromous 
whitefish (Coregonus nasus, Sr/Ca ratio = 48.0 
× 10-3) (Brown and Severin 2009). Low growth 
rates caused by low temperature might enhance 

Sr incorporation into otoliths (Sadovy and Severin 
1994) and could explain the high otolith Sr/Ca 
ratios of A. medius and C. nasus, which distributed 
in the Arctic zones. Anguilliformes leptocephali 
also had otolith Sr/Ca ratios as high as 20.0 × 
10-3, which corresponded to the lowest growth 
rate of the otoliths (Shiao et al. 2002). However, 
the highest Sr/Ca ratios did not correspond to the 
lowest growth rate of the icefish otolith. Therefore, 
other factors that might influence Sr incorporation 
into the otoliths of the icefish shall be considered. 
Icefish have transparent bodies and lack any 
scales. Their skeletons are not fully ossified and 
consist largely of cartilage which is believed to 
be neotenic i.e., retaining some larval features 
during the adult stage. Possibly, the body surface 
of icefish has a weaker regulatory ability for some 
elements e.g., Sr in ambient water, and is more 
permeable for Sr entering the fish’s tissues, which 
is consequently deposited in the otolith with 
high concentrations. The underlying biological 
mechanism for the high otolith Sr/Ca ratios in the 
icefish desires further investigation and is beyond 
the scope of this study.

Habitat use and migratory life history of icefish

Icefish are found in the freshwater and 
coastal waters with a few species showing a 
diadromous life pattern (Chen 1956; Sun 1990). 
According to the otolith Sr/Ca ratio profiles, P. 
chinensis collected from the Taihu Lake and the 
Yangtze River estuary only live in freshwater 
environments. Diadromous migration and habitat 
shift were found in other species. N. tangkahkeii 
can complete the l i fe  cyc le in  f reshwater 
environments such as the Taihu Lake or shift 
habitats across different salinity ranges in the 
Pearl River estuary. These results suggest that N. 
tangkahkeii have high plasticity and flexibility for 
adapting to different saline environments. Owing to 
this capability, N. tangkahkeii from the Taihu Lake 
have been transplanted into reservoirs and lakes 
in most areas of China since 1979 to enhance fish 
production (Kang et al. 2013).

S. ariakensis is traditionally considered to 
be an anadromous species (Sun 1990; Xie et al. 
2001). We only found one S. ariakensis (SA2-4) 
that was hatched in the freshwater environment 
in the Yangtze River estuary then the fish was 
transported passively by the downstream current 
or along shore current in the estuary to the sea for 
feeding and growth. Although the migratory pattern 
of SA2-4 could be considered as anadromous 
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behavior, SA2-4 only stayed very short time (< 
10 days) in the fresh water during the larval to 
early juvenile stages. This result suggested that 
anadromous S. ariakensis spawned near the 
upper estuary, which can facilitate the young fish 
quickly dispersing into the sea. Otolith Sr/Ca ratios 
suggest that most S. ariakensis live in sea waters 
from birth until capture at the adult stage and 
some of them e.g., SA2-3, SA2-6, SA2-7 and SA2-
10 may return to the estuary during their young 
to adult stages. Therefore, this study suggests 
that anadromous life history is not obligatory but 
facultative for S. ariakensis. Different migratory life 
histories of S. ariakensis were consistent with their 
wide distribution in the Yangtze River estuary of 
Shanghai City and neighboring marine waters with 
salinities between 0.01-20 (Sun 1990).

N. anderssoni is widely distributed in coastal 
waters from Yalujiang River to the Yangtze River 
estuary (Zhang 1987). Otolith Sr/Ca ratios analysis 
indicate no freshwater or diadromous migrations 
for N. anderssoni although there are several 
rivers connecting to the coastal waters around 
Qinhuangdao Port. Therefore, N. anderssoni, 
unlike other icefish species, may be restricted 
to seawater environments and have not evolved 
freshwater and diadromous contingents.

CONCLUSIONS

Our results highlight the difference in habitat 
use among four icefish species. We also confirmed 
the hypothesis of phenotypic plasticity in the habitat 
use of the icefish. The habitat use and different 
migratory patterns of the icefish species are 

depicted in figure 7. The euryhaline icefish living 
in the estuary or coastal water do not necessarily 
undergo migratory life history between the rivers 
and the ocean. In addition, icefish of different 
migratory histories coexist in the estuary or coastal 
waters. These phenomena indicate that the habitat 
selection of icefish during the growth phase may 
be opportunistic but not obligatory since they can 
survive in different salinity environments.

List of abbreviations

IUCN, International Union for Conservation of 
Nature and Natural Resources; Sr/Ca: Strontium/
Calcium
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