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ABSTRACT

The tolerance to the combined effects of tempesatind salinity was investigated in the interstitiabpod
Coxicerberus ramosg@lbuquerque, 1978), a species of intertidal zofisandy beaches in Rio de Janeiro, Brazil.
The animals were collected on Praia Vermelha Bedtte experiments lasted 24 h and nine salinitieds sgven
temperatures were used for a total of 63 combimetid hirty animals were tested in each combinatidhe species
showed high survival in most of the combinatiortee Temperature of 3% was lethal and & °C, the animals
tolerated only a narrow range of salinities. Thatistical analyses showed that the effects of &ratpre and
salinity were significant on the survival, whichnéiomed the euryhalinity and eurythermy of this@ps.
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INTRODUCTION The combined effects of temperature and salinity
on the survival of marine animals have been
Temperature and salinity are considered to be trgemonstrated in many marine organisms, mainly
most important physiological factors influencingcrustaceans (Todd and Dehnel, 1960; Segal and
marine organisms (Kinne, 1971). The sandy coa&urbancki, 1963; Haefner, 1969; Jansen, 1970;
between the sea and the continental domain is ve@ng and Costlow, 1970; Jones, 1972; Biggs and
unstable with respect to several environmentdVicDermott, 1973; Sandifer, 1973; Christiansen
variables, especially these factors (Coineau, 19853nd Costlow, 1975; Rosenberg and Costlow, 1976;
The distribution of organisms in the interstitial Vlasblom et al., 1977; Young and Hazlett, 1978;
habitat can be better understood through thRothlisberg, 1979; Dawirs, 1979; Johnson, 1980;
concomitant study of the effects of specific fastor Azis and Greenwood, 1981; Gaudy et al., 1982;
in the laboratory and field. Tolerance andYagi and Ceccaldi, 1983; Roddy et al., 1984,
resistance tests can be used to determine tR#eston, 1985; Vinuesa et al., 1985; Harms, 1986;
survival capacity of a species in relation to darta Moreira et al.,1982, 1986; Blazskowski and
factors (Krauss and Found, 1975). Moreira, 1986; Cadman and Weinstein, 1988;
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Avis, 1988; Menet et al., 1991; Young, 1991; Qiuvaries from 20 to 3T, and the salinity from 27 to
and Qian, 1997, 1998; Lemaire et al., 2002; Pauld6 (Albuguerque and Genofre, 1999).
et al., 2003; Thiyagarajan et al, 2003; Aktas et allsopods were collected in the resurgence zone
2004.) The importance of these effects and th€alvat, 1964) by the Karaman-Chappuis method
need to consider these factors jointly wergCoineau, 1971). The animals were taken to the
emphasized by Kinne (1963, 1964 and 1970)aboratory in pots transported in insulated
Kinne (1970) noted that salinity could modify thecontainers. The tolerance of the species under
effects of temperature and alter the temperatudeboratory conditions was studied through two
range of many biological processes. In turnseparate tests. In each test, three replicatesl®ith
temperature can also modify the effects of salinityanimals each were placed in Petri dishes
Several experimental studies on interstitial speciecontaining filtered sea water at salinity 35 and
have been carried out (Gray, 1966 a and b; 19622°C in a BOD chamber in darkness. A total of 60
Jansson, 1962, 1966, 1967, 1968; Krauss arahimals were tested, 30 per test. During the
Found, 1975; Vernberg and Coull, 1975, 198lexperiments, the animals were not fed. The dishes
Wieser and Schiemer, 1977; Milliou, 1977, 1996were initially examined after six hours, and every
Milliou and Moraitou-Apostolopoulou, 1991). 24 h thereafter. Animals which did not react to the
However, similar studies have never been done douch of a needle were considered dead, and the
interstitial isopods. experiments ended when the last individual was
Many species of microcerberid isopods livedead.
exclusively in the interstitial habitat and most ofTo verify the combined effects of temperature and
them inhabit marine and continental waters. Thealinity on the species resistance, the experiments
more primitive species probably originated duringncluded seven temperatures (5, 10, 15, 20, 25, 30
ocean regressions, dating from the Loweand 35C) and nine salinities (5, 10, 20, 30, 35, 40,
Cretaceous. Many microcrustaceans that presentbp, 60, 70) for a total of 63 combinations. The
inhabit continental underground waters had marinanimals were transferred directly to the
ancestors, which initially colonized the interstiti experimental conditions according to Dorgelo
waters of sandy coasts (Boutin and Coineay1976). Thirty individuals were placed in Petri
1991). dishes (10 replicates per group) and they were
The genusCoxicerberusincludes only marine submitted to  temperature and  salinity
species, whereas the majority of continentatombinations. The experiments finished after 24 h.
species are members of other microcerberidearhe animals were not fed during this period. A
genera which have more primitive charactersotal of 1890 individuals were tested.
(Wagele, Voelz and McArthur, 1995). In Brazil, Low-salinity water was obtained by diluting sea
five species ofCoxicerberushave been described. water with distilled water. High-salinity water was
Coxicerberus ramosais very abundant on sandy made by freezing sea water. Salinity was
beaches in Rio de Janeiro (Albuquergque, 1978measured with an American Optical/TD
The aim of this work was to test the resistance falinometer/refractometer. The survival rate was
C. ramosaeo the combined effects of temperaturecalculated at the end of each experiment.
and salinity. Two-way analysis of variance (ANOVA) with a
95% confidence interval (P<0.01) was used. All
data were tested for normality (Kolmogorov-
MATERIAL AND METHODS Smirnov test), and homoscedasticity (Cochran
test) to assess the variation in survival of the
Praia Vermelha Beach, located in Guanabara Baljifferent temperature and salinity combinations.
in the state of Rio de Janeiro, Brazil, af 32'S The Tukey test was used to verify the difference
and 048 9'W, is part of the Atlantic tropical area. among the treatments (Zar, 1999). The correlation
The beach is exposed and its sand is vergetween the survival percentages and the
homogeneous and coarse. The flow of continent&&mperature and salinity was estimated by multiple
underground water is considerable, causing eegression analysis. The statistical tests were don
salinity gradient in the interstitial water. In $hi using Statistica for Windows v.6.0.
beach, the temperature of the interstitial water
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RESULTS survival rate of 100% fo€. ramosaewas shown

in the first 24 h on the two experiments, which
Under the laboratory conditions, 50% of theindicated excellent tolerance under the laboratory
individuals survived almost 30 days in the firstconditions.
experiment and 24 days in the second (Fig. 1). A
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Figure 1l - Tolerance ofCoxicerberus ramosat® laboratory conditions.

The results of the experiments using 63urvival of species was very high at salinity from
temperature and salinity combinations showe@0 to 40 in a wide range of temperatures, and the
high tolerance of this species to most of thenortality after 24 h was practically null. All the
combinations tested (Fig. 2 and 3). Survival ratéendividuals secreted a mucous layer at low
was high for all the temperatures, except &C35 temperatures (5 and 4D) at salinity 5. At 50 and
This temperature was lethal and almost all thé0 of salinity, the species presented more than
individuals died in the salinities tested. At 18, 1 50% of survival from 5 to 3C. In salinity 70,
and 30C, the survival was more than 50% in the50% of survival was observed only at’@0 After
salinities from 10 to 60. At 2@, the animals only seven hours of experiments, when the animals
died in the salinity of 5, and at @5, they died were submitted to extreme salinities (5 and 70),
only at salinity of 70 (Fig. 2). they became incapable of moving around and only
The survival ofC. ramosaevas high at almost all moved their appendages when stimulated by a
the salinities and more than 50% survival wasieedle. At 5 of salinity, the species only showed
observed, except at 5 and 70. The percentagdgher resistance at %5 (Fig. 3).
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Figure 2 - Mean survival ofCoxicerberus ramosaat different temperatures.
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Figure 3 - Mean survival ofCoxicerberus ramosaat different salinities.

The analysis of variance of the survival datgaemperature (5° and 35°C) and salinity (5, 10 and
showed that temperature, salinity and interactio0) were responsible for the higher differences
effects were highly significant (Table 1). The(Table 2).

Tukey test showed that extreme treatments of

Table 1 - ANOVA comparing the effects of temperature andn#gl on Coxicerberus ramosasurvival. T=
temperature; S=salinity; TxS= combined effect ofiperature and salinity; SS=sum of squares; MS= ragaares.

SS d.l. MS F p
Intercept 748000.5 1 748000.5 6015.834 <0.001
T 145818.0 6 24303.0 195.458 <0.001
S 105689.9 8 13211.2 106.252 <0.001
TxS 45124.9 48 940.1 7.561 <0.001
Error 15666.7 126 124.3

Table 2 - Tukey test applied to the different temperatured asalinity treatments (95% confidence
interval).S=Salinity; T=Temperature.

S post- test T°C Post-test

5 # 10;20;30;35;40;50;60 5 # 10;15;20;25;30;35
10 # 5;20;30;35;40;50;60;70 10 % 5;20,;25;35

20 #5;10;35;70 15 % 5;20;30;35

30 #5;10;70 20 #5;10;15;30;35

35 # 5;10;20;70 25 #5;10;15;30;35

40 # 5;10;70 30 #5;20;25;35

50 # 5;10;70 35 #5;10;15;20;25;30
60 #5;10;70

70 # 10;20;30;35;40;50;60
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The different combinations of temperature andnultiple regressions, only temperature was
salinity showed significant but slight positive statistically significant (P=0.001), showing a
correlation (R2=0.06192137) with the survivalnegative correlation with the percentage survival.
percentage (Table 3). In the partial results of

Table 3 - Multiple regression analysis of the combined efexf salinity and temperature @oxicerberus ramosae
(95% confidence interval). T= Temperature; S= $3lin

Beta Std. Err. B Std. Err. t(186) p-level
Intercept 81.09441 8.133581 9.97032 0.000000
T -0.247307 0.071017 -1.00529 0.288681 -3.48236 0.000619
S 0.027576 0.071017 0.05404 0.139174 0.38830 033082

RZ = 0.06192137
F (2.186) = 6.1388 p<0.00262

DISCUSSION The decrease of the organism’s activity in strdssfu
salinities was observed by Jansson (1966) in the
The results indicated a high resistance @f Mystacocarida Derocheilocaris remaneiwhen
ramosae between salinities 10 to 60 andsubmitted to salinity of 60.C. ramosaeshowed
temperatures 10 to 30C, respectively. This same behavior at salinity of 70.
indicated a high degree of euryhalinity andCertain species better tolerate low salinitiesoiw |
eurythermy for this species, which is commoriemperatures and high salinites in high
among coastal interstitial animals. Similar resultéemperatures. Other species better tolerate the
were obtained by Jansen (1970), who observddw/high combination (Kinne, 1971). In the
that the isopodSphaeroma hookerivas well- present study, low and high salinities were better
adapted to survive in a wide range of salinitieg, b tolerated at high temperatures. Tropical animals
that its survival was reduced at high and lowseem usually to survive better at low salinities in
temperatures. The same results were found wittombination with high temperatures (Vernberg
the isopod Jaera albifrons (Sjoeberg, 1967). and Vernberg, 1970).
Sphaeroma hookeri,a common species in Krauss and Found (1975) observed that
estuaries, easily tolerated low salinities (Jansemerocheilocaris remane{Mystacocarida) showed
1970). For Cramosae the survival rate was high the lowest survival at high temperature x low
in very high salinities, probably because thissalinity combination. On the contrar§, ramosae
interstitial isopod lives in the intertidal zone. showed the lowest survival in the combination of
C. ramosaetolerated high temperature (8) low temperature x low salinity. Present results
better than low (&) and also tolerated better indicated a tolerance limit between the salinités
salinity variation in high temperatures. This60 and 70, because at 70 after 3 h, 80% of animals
behavior is common among tropical speciegvere dead, whereas at 60 at the same temperature,
(Vernberg and Vernberg, 1972; Moreira et al.all of them were alive after 24 h.
1982). The statistical analysis indicated that the factor
The production of mucus seems to be a responsewhich determined the largest mortality was
stressful conditions. Interstitial protozoan seerettemperature, probably because the animals were
mucus, and remain immobile when they areexposed to extreme temperatures (5 anll Gp
submitted to stressful salinities (Jansson, 1968Hummon (1975) found similar results with
All the individuals of C. ramosaesecreted a interstitial Gastrotricha, where temperature was
mucous layer at the salinity 5 in low temperatureghe main factor for the mortality observed. It is
(5 and 16C). This occurred by the abrupt transferknown that the range of ecological temperature of
of the individuals to stressful salinities inan animal is more restricted than the experimental
temperatures very different from that in whichones. The best survival conditions for ramosae
they lived in nature. This mechanism reduced theere characterized by the combination 15 ariti 20
tegument permeability of animal, thereforeC from 20 to 35 of salinity.
reducing its water absorption (Kinne, 1964). Results showed that the species is well adapted to
wide variations of salinity and temperatur@.
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ramosae is, therefore, an euryhaline and hatching rate and incubation time dPenaeus
eurythermic species, and temperature and salinitysemisulcatus(Decapoda Penaidae)sr. J. Aqua.
were not probably responsible for its spatial and Bamidgehsé (2), 126-130. o

temporal distribution on the Praia Vermelha/\lbuduerque, E. F. (1978), Quatro espécies novas pa
Beach. o Brasil deMicrocerberusKaraman, 1933 (Isopoda-

These results seemed to confirm the hypothesis gf%%rsggf: r|nge)iev.ai:jas.(38;22?2(1)(,320]621(71:999)

the marine origin of continental of Microcerberids Flutuagio da populacdo ddicrocerberus ramosae

through the interstitial habitat (Coineau and (crustacea: Isopoda) da fauna intersticial da Praia
Boutin, 1992), because these physiological vermelha, Rio de Janeiro, Brasil. In Silva, S. H. G
characteristics facilitated the entry of these g®c and Lavrado, H. P. (ed€¥cologia dos ambientes
into the continental underground waters during costeiros do Estado do Rio de Janeir&érie
several geo|ogica| periods_ Oecologia Brasiliensis, vol. VII. PPGE-UFRJ. Rio de
Janeiro, Brazil. pp. 229-243.
Avis, A. M. (1988), Temperature and salinity to

tolerance of adult hermit crabidjogenes brevirostris
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RESUMO Biggs, D. C. and McDermott, J. J. (1973), Variation
temperature-salinity tolerance between two estearin

. . . populations of Pagurus longicarpus Say
A resisténcia aos efeitos combinados de (Crustacea:Anomurapiol. Bull., 145, 91-102.

temperatura e salinidade foi investigada n@askowski, C and Moreira, G. S. (1986), Combined
isopode intersticial Coxicerberus ramosae effects of temperature and salinity on the survared
(Albuquerque, 1978) encontrado comumente naduration of larval stages oPagurus criniticornis

zona intertidal de praias arenosas do Rio de(Dana) (Crustacea, Paguridad). Exp. Mar. Biol.
Janeiro, Brasil. Os exemplares foram coletados naEcol, 103, 77-86.

Praia Vermelha. Os experimentos tiveram &outin, C. and Coineau, N. (1991), Instabilit¢é des
duracdo de 24 horas e nove salinidades e setgonditions envirorjmentales gt vitesse d_e I’évohJ_ti(_)
temperaturas foram utilizadas, perfazendo um total - €X€mple des microcrustacés souterraines d'origine
de 63 combinagdes. Em cada combinacdo de T dnarine dans les pays mediterranéeBsill. Inst.

S foram testados 30 animais. A espécie mostr%l;%);nB?_ssg iﬁngzgigifeauxs O(’lz?ggf 'Effen‘ts

um grande percentual de sobrevivéncia na maioremperature and salinity on the growth of laborator
parte das combinagdes. A temperatura d€ 36i reared juvenile blue crab<Callinectes sapidus
letal e na temperatura déC5a espécie resistiu a  Rathbun.). Exp. Mar. Biol. Eco).121, 193-207.

uma faixa estreita de salinidades. As andliseShristiansen, M. E. and Costlow, J. D. (1975), The
estatisticas mostraram que tanto os efeitos daeffect of salinity and cyclic temperature on larval
temperatura como da salinidade e da interagdodevelopment of the mudcrabRhithropanopeus
entre estes fatores foram significativos na herbsti (Brachiura:Xanthidae) —reared in  the
sobrevivéncia da espéci® alto percentual de _laboratoryMar. Biol, 32, 215-221. . g
sobrevivéncia da espécie  nhas diferentegomeau’ N. (1971), Les isopodes interstitiels.

bi ~ d ¢ t linidad Documents sur leur écologie et leur biolodiéem.
combinacoes e tlemperalura € salinidade, , s Nat. Hist. Nat., Frsér. A,64, 170p.
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