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Effects of temperature and salinity on survival and growth of

the amphipod Hyale crassicornis (Gammaridea, Hyalidae)

K. H. TSOI, K. M. CHIU, & K. H. CHU

Department of Biology, The Chinese University of Hong Kong, Shatin, N.T., Hong Kong, China

(Accepted 19 January 2004)

Abstract
This study explored the survival and growth of the marine amphipod Hyale crassicornis under different
conditions of ambient temperature and salinity in the laboratory. In 96-h exposure experiments at a
salinity of 30, H. crassicornis tolerated temperatures between 6 and 28uC (.90% survival). The 96-h
LT50 value (median lethal temperature) at high temperature range for the amphipod was 32uC. The
values at low temperature range for adults and juveniles were 3.2 and 4.2uC, respectively, indicating that
adults have a higher tolerance to low temperature than juveniles. At 25uC, the amphipods tolerated
salinities between 10 and 50 (with .80% survival in 96 h). The 96-h LS50 values at high and low salinity
ranges were 56 and 2, respectively. Growth of the juveniles from instars 1 to 6 was determined under
different combinations of temperature and salinity. Growth rate of juveniles cultured at 25uC and a
salinity of 20 was the highest (0.114 mm day21) among the combinations of 15–25uC and 10–40
salinity. The moult increment of body length was affected by both temperature and salinity. Yet the
intermoult duration of the amphipods was affected by temperature only but not by salinity.

Keywords: Amphipod, Hyale crassicornis, Gammaridea, Hyalidae, temperature, salinity, growth,
survival

Introduction

Environmental variables exert a significant impact on the physiology of all organisms.

Temperature and salinity are generally regarded as the two major environmental

determinants affecting the survival and growth of marine invertebrates (Kinne 1970,

1971). For instance, Brown and Bert (1993) showed that temporal variations in

temperature and salinity limited the survival of juvenile stone crabs Menippe adina

Williams and Felder, 1986. Both survival and growth of the penaeid shrimp, Penaeus

chinensis (Osbeck, 1765), were affected by salinity and temperature (Chen et al. 1995,

1996).

Biological knowledge of environmental tolerance and growth is essential to the

development of optimal culture conditions for animals (Hardy et al. 1994). Many marine

invertebrates have specific temperature or salinity requirements at different developmental

Correspondence: K. H. Chu, Department of Biology, The Chinese University of Hong Kong, Shatin, N.T., Hong Kong, China.

E-mail: kahouchu@cuhk.edu.hk

Journal of Natural History, 2005; 39(4): 325–336

ISSN 0022-2933 print/ISSN 1464-5262 online # 2005 Taylor & Francis Ltd

DOI: 10.1080/0022293042000200077

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
B

at
h]

 a
t 1

8:
01

 1
3 

Fe
br

ua
ry

 2
01

4 



stages (Kinne 1970, 1971; Thomas and Rice 1992; Charmantier and Charmantier-Daures

1994; Guerin and Stickle 1997a). Understanding of the physiological requirements and

tolerance limits in different growth phases of animals to environmental conditions will be

helpful in further studies on their life history and population distributions. Such knowledge

is also essential to the development of sensible pollution indices for the evaluation of

environmental deterioration (Rosas and Ramirez 1993; Alcaraz et al. 1997). For instance,

Alcaraz et al. (1997) reported that post-larvae of the white shrimp Penaeus setiferus

(Linnaeus, 1767) had a lower tolerance to thermal stress when the animals were exposed to

nitrogenous contaminants such as ammonia and nitrite.

The amphipod Hyale crassicornis (Haswell, 1880) (Gammaridea, Talitroidea, Hyalidae)

is distributed in intertidal areas of Kiama, New South Wales, Cape Naturaliste and

Western Australia (Barnard 1974). This species can also be found beneath rocks and

pebbles, often associated with seaweed in the intertidal zone of Tolo Harbour, Hong

Kong (own observation). Yet, information on the distribution of the species in South-East

Asia is limited. Few studies on hyalid amphipods in Hong Kong waters have been

undertaken (Moore 1986). Jiang and Zhou (1982) and Moore (1986) recorded four

species of the genus Hyale found in Hong Kong but none of them was identified as

H. crassicornis.

Amphipods have been suggested to be good biological indicators for the detection of

early environmental degradation (Zanders and Rojas 1992). Interest has arisen in

developing H. crassicornis as a pollution indicator organism in Hong Kong waters but

biological knowledge of this species is very limited. This study aims to: (1) investigate the

survival of the amphipod at different temperatures and salinities, and (2) elucidate the

relationships between its growth and these two environmental variables. Such information

would enhance our understanding of the biology of this amphipod and assist the

development of pollution bioassays.

Material and methods

Survival at different temperatures and salinities

Acclimation. Amphipods were collected from Tolo Harbour, Hong Kong and maintained

in three 3000-litre outdoor culture tanks at the Marine Science Laboratory of The Chinese

University of Hong Kong. The tanks contained natural sea water with a turnover rate of

,2600 l day21. The animals were chosen randomly for experiments. Only physically intact

and active individuals were selected. Adults and juveniles were separated according to their

body length and secondary sexual characters. Individuals with body length,3 mm and

showing no development of sexual characters were defined as juveniles.

Amphipods were acclimated in 500-ml glass beakers filled with well-aerated artificial sea

water (Instant OceanH) for about 1 week before any experiments were undertaken. No

more than 10 individuals were raised in each beaker. The acclimation conditions were

standardized under a 14:10 h L:D regime at light density between 850 and 1200 lm m22.

Temperature, salinity, pH and dissolved oxygen were maintained at 24–26uC, 29–32, 7.0–

8.5 and 4.7–6.8 mg l21, respectively. These parameters were monitored every 2 days when

,250 ml of the cultured medium was exchanged with well-aerated artificial sea water. The

amphipods were fed with four or five pieces (1–2 mm3) of freeze-dried krill after each water

exchange. Two pieces of the green algal thallus Ulva lactuca (Linnaeus, 1753) (2 cm2) were

provided as clinging substratum and supplementary food source. Any thallus piece was

326 K. H. Tsoi et al.
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replaced when it was severely grazed. Faecal matter, food residue, exuviae and any

undesirable algae were removed during water exchange.

Lethal tests. To investigate temperature effects, the amphipods were exposed to 0, 4, 6, 7,

8, 10, 12, 14, 20 25, 30, 31, 32, 33, 34 and 35uC at a salinity of 30 for 96 h in an

environmental chamber. After acclimation, 10 amphipods were randomly selected and

placed in a 500-ml beaker. A total of 50 individuals (adult or juvenile) in five replicates was

tested for each temperature. Temperature was slowly adjusted from 25uC to the

experimental temperature at the rate of 2–5uC h21 for minimizing any drastic change of

environmental conditions. No food was provided during the experimental period. All dead

amphipods and exuviae were removed from the beakers during the daily inspection. The

physical parameters of the medium were monitored daily during the experimental period.

About 250 ml of medium was renewed every 48 h. Mortality of amphipods was recorded at

the end of the experiment and the median lethal temperatures (LT50) at a salinity of 30

were determined as described in the next section.

To investigate salinity effects, the amphipods were exposed to 0, 2, 5, 8, 10, 20, 30, 40,

50, 55, 58, 60, 62 and 65 salinities at 25uC for 96 h. Salinity of the medium was adjusted

from 30 to the experimental value at a rate of 2–5 h21. The median lethal salinities (LS50)

at 25uC were also determined as described below.

Data analyses. Results from the lethal tests were analysed by probit analysis using the

computer software USEPA Probit Analysis program version 1.5. Probit transformation was

applied to the cumulative mortality data. The values of 96-h LT50 were estimated within

both low (0–14uC) and high (30–35uC) temperature ranges, while the values of 96-h LS50

were estimated within low (0–10) and high (50–65) salinity ranges. Data from adults and

juveniles were compared using Student’s t-test (Zar 1996). The computer softwares

Sigmastat version 2.03 and Sigmaplot 2000 were used.

Growth of juveniles at different temperatures and salinities

Culture. Ovigerous females were collected from the outdoor culture tanks. No more than

two newly hatched juveniles were taken from each female for experiments. Ten juveniles

were studied under each combination of temperature (15, 20 and 25uC) and salinity (10,

20, 30 and 40). Each juvenile was reared individually in a 100-ml beaker for any specific

temperature–salinity combination. Temperature and salinity were adjusted from

acclimated conditions at the rates of 2uC h21 and 2 h21, respectively. Each juvenile was

fed with a piece of krill (1–2 mm3) and algal thalli which had been immersed in artificial sea

water of the respective combination of salinity and temperature for about an hour before

the start of the experiment. The culture procedures were similar to those described in the

previous section. Physical characteristics of the experimental media (temperature, salinity,

pH and dissolved oxygen) were monitored every 2 days.

Growth measurement. Each juvenile was examined daily for moulting. Moulting was

evidenced by the presence of the exuvium in the beaker. The day of exuvium appearance

was regarded as the day of moulting. Body length (from rostrum to posterodistal end of

urosomite 3 in a naturally curved posture) was measured 1 day after moulting. As the body

length between the two sexes began to differ significantly at instar 7 (Tsoi 1999), growth

study on juveniles was limited to the first six instars. To measure body length (BL), the

Effects of temperature and salinity on Hyale crassicornis 327
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amphipod was placed on a glass slide and covered with a small sheet of thin plastic

film. Each amphipod was examined for ,2 min to minimize the effects of hypoxia and

handling stress. The image of each amphipod was recorded using a compound

microscope (Nikon model SE) and a colour camera set (TeliH CCD CS 5110), and the

body length was measured to 0.01 mm with a video-based image analysing program

(Quantimet 500C).

Data analysis. Statistical analyses including Student’s t-test, two-factor analysis of variance

(ANOVA) followed by Tukey test were performed using the computer software Sigmastat

version 2.03.

Results

Survival at different temperatures and salinities

At a salinity of 30, .90% of adults and juveniles survived for 96 h between 6 and 28uC
(Figure 1A). Survival was ,90% when the temperature was ,6uC or .28uC. No

amphipod survived at 0 or 35uC for .24 h. The values of the low-range 96-h LT50 differed

significantly between adults and juveniles (Student’s t-test; P50.02), indicating that adults

were more tolerant to low temperature than juveniles (Table I). No amphipod remained

active after 96 h of exposure to 4 and 6uC, but sluggish animals became reactivated within

15 min after transfer to 25uC. All ‘recovered’ amphipods were still alive after 24 h of

incubation at room temperature. There was no significant difference in the values of high-

range 96-h LT50 between adults and juveniles (P.0.5) (Table I).

In salinities ranging from 10 to 30, .90% of the amphipods survived for 96 h at 25uC
(Figure 1B). Survival rate decreased at more extreme salinities. No amphipod could survive

for .24 h and .48 h at salinities of 0 (distilled water) or 65, respectively. The values of

96-h LS50 between adults and juveniles were not significantly different in either low

(P50.10) or high (P50.49) salinity ranges.

Growth of juveniles at different temperatures and salinities

Growth rate of juveniles expressed as increase in BL per day during the juvenile stage

(instars 1–6) was calculated at different temperature–salinity combinations (Table II).

Both factors affected growth rate significantly (two-factor ANOVA; P,0.001). Growth rate

was highest at 25uC and a salinity of 20 (0.114¡0.006 mm day21) (two-factor ANOVA

with temperature and salinity as major factors; P,0.001). Variations in either moult

increment in BL or intermoult duration, or both, could affect the growth rate of juveniles.

At a salinity of 20, juveniles reared at 25uC showed the highest percentage moult increment

in BL among the temperatures studied and the deviation became significant at the

transition from instar 3 to 4 (Tukey test after two-factor ANOVA with temperature and

instar as major factors; P,0.05) (Figure 2A). At 25uC, juveniles reared at a salinity of 20

showed the greatest percentage moult increment in BL among the salinities studied and the

deviation became significant at the transition from instar 3 to 4 (Tukey test after two-factor

ANOVA with salinity and instar as major factors; P,0.05) (Figure 2B).

At a salinity of 20, intermoult duration of the juveniles reared at 15uC was the longest

among the temperatures studied from instar 1 (Tukey test after two-factor ANOVA with

temperature and instar as major factors; P,0.01) (Figure 3A). In contrast, the duration

328 K. H. Tsoi et al.
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was the shortest at 25uC (P,0.001). However, no significant difference was observed in

intermoult duration among the four salinities studied (two-factor ANOVA with salinity and

instar as major factors; P50.06) (Figure 3B).

Figure 1. Survival of Hyale crassicornis adults and juveniles after 96 h of exposure to (a) different temperatures at a

salinity of 30 and (b) different salinities at 25uC. Values are expressed as mean¡SD of five replicate experiments,

each of 10 individuals.
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In summary, the growth rate of juveniles was highest at 25uC and a salinity of 20 as a

result of an increase in moult increment of BL and a shortening of intermoult duration.

Temperature exerted significant effects in both moult increment and intermoult duration.

However, salinity only exerted its effects on moult increment, not on intermoult duration.

Discussion

Survival at different temperatures and salinities

This study shows that, on average, 90% of Hyale crassicornis could survive for 4 days at 6–

28uC. The species could not survive at 0 or 35uC. Another member of the same superfamily

Talitroidea, the sub-Antarctic beach-hopper ‘Orchestia’ scutigerula Dana, 1853 exhibits a

different range of temperature tolerance (Moore et al. 1995). The lethal temperatures of

this species are ,24uC and .28uC. Brown and Bert (1993) suggested that the difference

in temperature tolerance of crustaceans may be the consequence of adaptation to different

environmental conditions. ‘Orchestia’ scutigerula was found beneath supralittoral stones in

sub-Antarctic regions where the environmental temperature could change dramatically

(Moore et al. 1995). In Hong Kong, H. crassicornis is exposed to water temperatures

ranging between 16 and 32uC. This species exhibits a higher tolerance to high temperature

but lower tolerance to low temperature than ‘Orchestia’ scutigerula. The difference in

Table I. Median lethal temperature and salinity (96 h) of Hyale crassicornis juveniles and adults.

96-h LT50 (uC) 96-h LS50

Low temperature High temperature Low salinity High salinity

Adult 3.2 (2.6–3.6)* 31.7 (31.1–32.3) 2.4 (1.7–2.9) 55.5 (50.9–58.1)

Juvenile 4.2 (3.9–4.3)* 31.5 (29.7–32.5) 1.6 (0.9–2.2) 56.9 (42.1–62.4)

Values are expressed as mean and 95% confidence interval (in parentheses) of five replicate experiments, each of

10 individuals. *Significant difference between adult and juvenile.

Table II. Body length (BL) of Hyale crassicornis juveniles at instar 6, and duration and growth rate of juveniles

(instars 1–6) reared at different combinations of salinity and temperature.

Temperature (uC)

Salinity 15 20 25

10 BL (mm) 3.40¡0.15 3.16¡0.12 3.09¡0.06

Duration (days) 38.5¡3.5 26.5¡3.6 26.9¡3.4

Growth rate (mm day21) 0.055¡0.005 0.055¡0.045 0.060¡0.003

20 BL (mm) 3.48¡0.15 3.65¡0.20 4.54¡0.25

Duration (days) 33.9¡3.4 27.9¡4.3 25.3¡3.7

Growth rate (mm day21) 0.061¡0.004 0.080¡0.009 0.114¡0.006

30 BL (mm) 2.90¡0.16 3.89¡0.18 3.92¡0.18

Duration (days) 33.4¡3.5 30.3¡3.6 29.1¡4.8

Growth rate (mm day21) 0.044¡0.005 0.081¡0.005 0.009¡0.008

40 BL (mm) 3.31¡0.17 2.57¡0.19 3.25¡0.19

Duration (days) 37.6¡4.4 33.8¡4.7 29.2¡3.5

Growth rate (mm day21) 0.051¡0.005 0.067¡0.006 0.067¡0.001

Growth rate is expressed as increase of body length per day (mm day21). Values are mean¡SD (n510).
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Figure 2. Moult increment expressed as percentage increase in body length at each instar from 1 to 6 (mean¡SE,

n510) of Hyale crassicornis juveniles reared at (a) different temperatures at a salinity of 20 and (b) different

salinities at 25uC.
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Figure 3. Intermoult duration (mean¡SE, n510) of each instar from 1 to 6 in Hyale crassicornis juveniles reared at

(a) different temperatures at a salinity of 20 and (b) different salinities at 25uC.

332 K. H. Tsoi et al.
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thermal tolerance between these species is apparently associated with habitats. Thermal

tolerance can also be attenuated by salinity change and the presence of certain chemicals.

For instance, soft-shell snow crab Chionoecetes opilio (Fabricius, 1788) is more susceptible

to thermal stress at low ambient salinity (Hardy et al. 1994). Ammonia or nitrite exposure

weakens the thermal tolerance of the post-larvae of the white shrimp Penaeus setiferus

(Alcaraz et al. 1997). Thus the data obtained from this study (both the high and low

temperature ranges) may not reflect the survival limits of H. crassicornis in the field because

of the seasonal fluctuation of salinity (heavy rainfall in summer) and pollution. Further

studies are required to investigate the interacting effects of these environmental factors on

the survival of this species.

Many shore invertebrates can survive in habitats where abrupt changes in salinity take

place (Kinne 1971). Hyale crassicornis is able to survive (.80%) in a wide range of salinities

between 10 and 50. The 96-h LS50 values of adults at high and low salinity ranges were

55.5 and 2.4, respectively. The corresponding values for juveniles were 56.9 and 1.6. These

values are similar to those reported in other euryhaline crustaceans, such as the isopod

Sphaeroma serratum (Fabricius, 1787). The high and low values of 96-h LS50 in stage I

juvenile S. serratum were 59 and 13, respectively (Charmantier and Charmantier-Daures

1994). The values of 21-day LS50 in the blue crab Callinectes similis Williams, 1966 were

60.8 and 2.6 at high and low salinity ranges, respectively (Guerin and Stickle, 1997b). The

high salinity tolerance of H. crassicornis is consistent with the results from studies on various

members of the same superfamily Talitroidea. For instance, the euryhaline Traskorchestia

traskiana (Stimpson, 1857) can tolerate salinities between 2.5 and 50 for at least a week at

10uC (Koch 1991). Orchestia gammarellus (Pallas, 1766) survives between 1 and 60 (Moore

and Francis 1986), while Transorchestia chiliensis (Milne-Edwards, 1840) survives within

the range of 0.3–51 (Marsden 1980). Such tolerance is associated with their strong

osmoregulatory capabilities. Spicer and Taylor (1987) reported that haemolymph sodium

of O. gammarellus was actively regulated within a narrow range between 204 and

443 mmol kg21 when the amphipod was exposed to salinities of 5 (<135 mmol kg21) or

40 (<1160 mmol kg21).

Growth of juveniles at different temperatures and salinities

Temperature exerts a significant impact on the growth of crustaceans. The present study

reveals that the growth rate of H. crassicornis is higher at 25uC than at 15uC and 20uC.

Similar findings have been reported in other crustaceans. Penaeid shrimp juveniles grow

faster at a higher temperature (Chen et al. 1995; Kumlu et al. 2000). The growth

increment of Penaeus vannamei (Boone, 1931) is extremely sensitive to a moderate increase

in temperature from 23 to 27uC (Wyban et al. 1995). Growth rate and moulting frequency

of Penaeus japonicus Bate, 1888 are higher at 32 than 28uC (Hewitt and Duncan 2001).

Temperature also exerts effects on intermoult duration, which in turn affects the growth

of crustaceans (Hartnoll 1982). Mean intermoult duration of juvenile H. crassicornis was

extended from 5.08 days at 25uC to 6.79 days at 15uC. Such extension at low temperature

has been frequently reported for other crustaceans. Thus, duration of larval instar in the

stone crab Menippe mercenaria (Say, 1818) lengthened as temperature decreased from 30

to 25uC (Brown et al. 1992). Intermoult duration of Penaeus merguiensis De Man, 1888

increased from 3 days at 35uC to 12 days at 15uC (Staples and Heales 1991).

Other than temperature, salinity is another critical factor exerting significant effects on

crustacean growth. For instance, dry weight of the blue crab Callinectes similis juveniles

Effects of temperature and salinity on Hyale crassicornis 333
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reared at a salinity of 5 was half of those reared at 10 (Guerin and Stickle 1997b). In this

study, we found that the optimal salinity for growth of H. crassicornis juveniles is 20 at 25uC.

The phenomenon can be explained by the physiological relationship between salinity and

metabolism. A higher oxygen consumption rate may indicate a higher energy requirement

for osmoregulation under osmotic stress, reducing energy available for growth (Einarson

1993). The fasting and feeding oxygen consumption of P. vannamei juveniles increases

under low ambient salinity because more energy is diverted to maintain homeostasis (Rosas

et al. 2001). The scope for growth in the blue crab Callinectes similis juveniles is the highest

at a salinity of 35 (Guerin and Stickle 1997b). Penaeus chinensis exhibits the fastest growth rate

at the isosmotic point of 16.5, suggesting that less energy is spent on osmoregulation at this

salinity (Chen et al. 1992, 1996). Other than energy consumption, utilization of nutrients

is also affected by salinity, leading to altered growth rate (Venkataramiah et al. 1972).

Any effects leading to either an increase in moult increment of body size or shortening

in intermoult duration could result in a higher growth rate. Our study reveals that

H. crassicornis juveniles reared at a salinity of 20 had the highest percentage moult

increment in body length compared with those reared at 15 and 25. Yet salinity exerts little

effect on intermoult duration of the juveniles. This phenomenon has also been reported in

the banana shrimp P. merguiensis (Staples and Heales 1991). Salinity affects growth of this

shrimp through changes in the moult increment rather than intermoult duration.

Insignificant effects of salinity on intermoult duration have been reported in juvenile

Callinectes sapidus Rathbun, 1896 (Cadman and Weinstein 1988; Guerin and Stickle 1992),

Menippe mercenaria (Brown et al. 1992) and P. chinensis (Chen et al. 1992). Yet some

crustaceans exhibit prolonged developmental duration only under extreme salinity.

Examples include Rhithropanopeus harrisii (Gould, 1841) post-larvae at salinities of 2.5

and 40 (Costlow et al. 1966) and Armases miersii (Rathbun, 1897) larvae and juveniles at

salinities of 5 and 45–55 (Anger 1996). This is consistent with our observation that salinity

has little influence on intermoult duration.

Environmental factors interact to produce physiological effects on marine invertebrates

(Staples and Heales 1991; O’Brien 1994). These effects in turn affect growth rate and

growth pattern of crustaceans (Hartnoll 2001). The highest growth rate of H. crassicornis

juveniles was 0.11 mm day21 at 25uC and a salinity of 20, while the growth rate of

animals reared at other temperature–salinity combinations ranged between 0.04

and 0.08 mm day21. Such growth rates are comparable to those reported in other

amphipods. For instance, the growth rates of Hyale barbicornis Hiwatari and Kajihara, 1981

juveniles at 24uC were 0.10 and 0.15 mm day21 in males and females, respectively

(Hiwatari and Kajihara 1988). The optimal combination of conditions for growth of

H. crassicornis juveniles was 25uC and a salinity of 20. The optimal temperature–salinity

combination for growth is species-specific (Chen and Chen 1993; Kumlu et al. 2001).

For example, the optimal culture conditions in juvenile or larval penaeid shrimps:

P. semisulcatus De Haan, 1844, P. esculentus Haswell, 1879, P. merguiensis and P. chinensis

are 30uC and 30–35 salinity (Kumlu et al. 2000), 30uC and 30 salinity (O’Brien 1994),

28uC and 28 (Staples and Heales 1991) and 30uC and 20–30 salinity (Chen et al. 1996),

respectively.

In summary, the growth pattern of H. crassicornis is controlled by both temperature and

salinity. Change in moult increment of body size is driven by both temperature and salinity

while intermoult duration appears to be influenced by temperature alone. Growth of

H. crassicornis juveniles is optimal at 25uC and a salinity of 20. While these data from our

laboratory experiments are valuable in the development of pollution bioassays, further
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studies are required to understand the impact of temperature and salinity variations on

natural populations of this amphipod.
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