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INTRODUCTION 

Animals and .plants on rocky shores are distributed into strips or zones 
one above the other. Each zone is characterized by features of its own, form­
ing a distinctive bioJogical belt. A standard pattern of zonation is often 
best displayed on fa1dy smooth continuous rocky slopes whether steep or 
gradual, and 1t is best evident where wave action is neither absolutely maxi­
maJ nor yet minimal. In ,additiion to waves and tides, variaus other factors 
are known to exert a dixect influence on the patterns Qf zonati!on. Among the 
facto:rs are local features of ta:pography, habitat selecti!on, competition, and 
a number of physical factors which include temperature, desiccation, sal,iniity 
and Hght. 

The influence ,of tempera•ture on intertidal animals is believed to deter­
mine the1r distcibuti:on on rocky shores. H u nt s ma n and S p ,a r ks (1924) 
co.rrelated the resistance to heat of marine animals with the envkonmental 
tempera.ture, while G ,o wan 1 o ch and H a y e s (1926) and B r o e k h u y­
s e n (1940) succeeded in couelating the lethal temperature ,of vwious inter­
tidal animals with the d1stribution of ,anima1s on the shore. 

Desiccation is regarded as one of the factors modifying the influence of 
temperature on the diistribution of ma11ine animals ,on rocky shores. The 
influence ,of desiccation on intertidal an:imals, therefore, depends primarily 
on the nature of the rncky shore and the position occupied by the different 
animals ,on the sho1re. Go wan 1 o ch and H a y e s (1926) found that high­
Jevel species of Littorina had a higher resistance to desiccation than low­
level species. The same conclusion was arrived at by B r o e k h u y s e n 
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(1940) wol"king ,on interUdal gastr-opods from South Af.rican shores and by 
Mi c a 11 e f (1966) woirking on British trochids. 

Saainity constMutes yet another :i:mpo;rtant factor ·iJnfluenoing intertidal 
zonation. The importa:nce iof saHlllity iin intertida:l animal distr,ibution results 
frioon the faot thait whHe va,rying saliir11i:ties presumably never occur in the 
open ,sea, tihey may be encountered ,on rocky shores with ,possible lethal 
effects. Gowanloch and Haye .s (1926), Broekhuysen (1940) 
and M ii c a 11 e f (1966) found that intertidal molluscs showed a graded 
restistance to ;profonged submergence at different saHnities and correla•ted the 
resi,stance ex'hibliited by the arrimals with their ve-rtical distriibution. 

In Malta, as elesewhere in the Mediterranea:n, Patella caerulea prefers 
hori.2Jontal or gently sioping surfaces wh'ich tend to be found at the level 
of the lower medio]ittorial subzone. These p,laces abound in small rock pools, 
arud iift is here that P. caerulea ,is generally observed. On the other hand, 
Patella lusitanica prefers vertical slopes which tend to be found at the level 
of the U!pper mediiolittoral subz.one. The upper mediolittoral zone coincides 
w1th the hrghest level ,of ·submergence by waves or by the rising of a calm 
sea. 

METHODS AND MATERIALS 

Lilmpets of the species Patella caerulea and Patella lusitanica were col­
leoted from the shore in Malta throughout the year. Only limpets relatively 
fr.ee of alg,al growth were collected: Prior to experi:mentation the liimpets were 
»short-term acolimated«. They were placed at 10°C for 4 to 5 days prior to 
experiime:nitation. The acclimation temperature of 10°C was adopted after 
Mi c a 11 e f (1966). The limpets were kept unfed during the acclimation pe­
riod; only adults •of the same size and displaying a response to pricking of 
the mantle sldrt were used for ex,pEll"imentation. 

F1if,ty percent mortality was taiken to represent the average estimate to 
the resistance tempera~ure, deskcaition and different saJiinities of the two 
species. Limpets not display,ing a response to prickiing of the mantle skirt 
du!l"iing a ,recovery pevrod of 48 hours were con:;tidered to be dead. These pro­
ced,ures were adopted after F r a e nk e I (1960, 1961, 1966). 

To determine the effect of high temperature in water, pyrex beakers of 
500 ml caipacity were :fiilled with filtered seawater to a level ,of 0.5 cm from 
the briim ,and placed 'in a constant temperature bath (Townson and Mercer 
Type E. 270 Standa!'d Bath) wiith temperature regulation to 0.01°C. Each 
beaker was oovered by an 1nverted Peki di:sh to prevent ·any water vapor 
from esca;ping, thereby maintaiining the sali'Illity of the water 1in each beaker 
ccmstamit. One hour was allowed for full thermal equfliibration of the water 
to take pl1ace. Accliimated liimpets were placed in groups of five per beaker 
at •the test temperature. At each temperature, different groups were subjectecJ 
to vairying exposure perdiods •until 50 percent mortality started occurr:ing. 

For the effect of high temperature in a,ir, empty bea:kers of 500 ml 
caipaorty were immersed to the brim in a constant temperature bath by 
means of lead weights. Each beaker wa,s covered by an inverted Petri dish 
and suffidient time wa,s a,llowed for thermal aquilibration of the air inside 
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the beaker with the water in the c-0nstant temperature bath· to · ta:ke place. 
W et acclimated Hmrpets were placed <>n perspex discs and then pl-aced in 
beaikers. Five specimens were placed :in each beaker. A few drops of water 
were ,added to eaoh beaiker to ensure a .saturated atmosphere thus minimizing 
the desiccation faotor . E·vaporation, however, took place to some extent -from 
the shell surfate. SheUs were always dry after each test. Limpets were intro­
duced 'in each beaker wi:th maximum speed to avoid any temperature changes. 
The temperature .inside each beaker wa:s checked iper'iodically with a ther­
milstnr probe and thermometer (Yellow Spl1i.ngs Tele-Thermometer Model 
43TZ). As in the previ:ou:s method, d,ifferent groups of limpets were subjected 
to different ex;posure ,periods at each test temperature until 50 ,percent 
mortality started occurriing. 

At the end of the test period the fo11owing procedure was adopted for 
both experiments. Limpets were w.ithdrawn from the beakers by means of 
a long stainless steel forceps, transferred to a tank containing wellaerated 
seawater at room temperature and left there for half an hour, after which 
a prehlminary inspection of the anima·l was conducted. The tank was then 
placed in a con:staint temperature room 'clllld left there for '18 hours at 10°C. 
In order to avoid contaminati:on of the water by any dead limpets periodic 
inspection of the arnimals w,as carried out during the recovery period. The 
number nf surviving and dead hmpets at the end of the recovery period was 
recorded. 

The measurements of oxygen consumption were made on groups of five 
limpets. The ani,mals were :fiirst thermally equihbrated, generally overnight, 
at the test temperature. Oxygen consumption in moist air,· or in Millipore 
filtered seawater, was measured by means of a specially designed volumetric 
resp~rometer (B a n ni s t e r, B a n n i s t e r and Mi c a 11 e f, 1969). The 
rates of ,oxygen consumpt'ion were expressed as microliters •oxygen per gram 
wet flesh weight per hour (µLo2/g/hr). 

To determine resistance to desiccation, the animals were shaken and 
dried on a filter paper to remove excess water prior to expePimentation. Ten 
limpets were each placed facing upwards, or downwards, in a weighing bottle, 
weighed and pl-aced in a cabinet-desi:ccator. The humidity inside the desic­
cator was maintained at 65 percent by means of 100 ml of 9.7N, sulphuric acid 
p1aced Jn a beaker in the desiccator. The desiccator was kep.t lim. a constant 
temperature room at l8°C during the period of experimentation. The temper­
ature and humidity inside the desiccator were periodically checked on a 
thermohygrometer (Griffin and George Ltd., Catalog No. L31-925) placed 
insiide the desiccaiorr-. The ~impets were subjected to the experimental condi­
tions fo,r varying ,pe11iods of time until 50 percent mortality started to occur. 
At the end of each test period the lim,pets were taken from the desiccator and 
each limpet was qruickly weighed to avoid any uptake of moisture from the 
atmosphere. All weight determinat-ions were ca,rried out on a Mettler H5 
analytical balance. AHer ,the animals were weighed at the end of expedment, 
they were placed in seawater at 10°C and the number of limpets recovering 
within a period of 48 hours was noted. 

To determine the resistance to high and low salin,Hies, . groups of ten 
acclimated limpets were placed in circular polythene basins and the temper­
ature maintained at l8°C. Millipore-filtered seawater of salinity 37.20/oo was 
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used to prepare dilute and concentrated seawa,ter. Di:lubons of the seawater 
were prepared by mixing it with glass-di:stilled water to make solutions rang­
ing from 20 to 80 percent by volume. Concentrated solutions of the seawater 
of up to 140 percent by volume were prepa1red by evaporation 'in. ,a hot air 
oven 1at a temperature of 65°C (M 1i c a 11 e f, 1966). One hter of the required 
seawater was used for each group of limpets. The water was changed on 
alternate days, and aeration was appHed for about 15 minutes twice daily. 
Before the aeration the animals were examined indiv,idually for their condi­
tion. Each limpet was lifted to the surface and limpets not displaying a resp­
onse to pricking of the mantle skirt were removed and transferred to normal 
seawater. After 24 hours in normal seawater, these limpets were again tested. 
The number 1of dead Limpets was recorded, the experiiment was continued 
unti.1 50 ,percent mortality started occurring. 

RESULTS 

The effect of high a~r and water temperatures on Patella caerulea and 
Patella lusitanica is shown iin Figure 1. P. lusitanica was found to be more 
tolerant than P. caerulea to high air and water temperatures. Two features 
of interest can be observed in Figure la) both limpets showed a greater 
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Fig. l - Median mortality temperature as a function of time of exposure for Pa­
te l l a c a eru l e a (solid lines) and Pate l l a lu s i ta ni c a (interrup­
ted lines) in air and in water. 
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resistance to high temperatures ,in air than in water, and b) a discontinuity 
in the time-temperature relabonship for ai,r temperature was obtained for 
both limpets. The higher resistance to air temperatures suggests that these 
can maintain a lower body temperature than the environmental temperature. 
The probable mechanism is evaporative cooling. With regard to the disconti­
nuity, :1t ii.s suggested that these represent the stage or point of heat coma. 
Above this tempera-ture, therefore, the survival of the animals is as much 
dependent on resistance to heat as on resistance to desiccation. 

The internal state of P. caernlea and P. lusitanica under temperature 
stress is indicated from the oxygen consumption -of the two limpets in ait 
and in water. Figures 2 and 3 show that both limpets inc,reased their rate 
of oxygen consumption with temperature in air and in water between 10° 
and 30° except that in P. caerulea the rate of oxygen consumption decreased 
above 25°C in water. Frnm the two figures .it can also be seen that whereas 

2.5 

2.0 
0-: 

o, 
o 
J 

I. 5 • 

I. o .__...._ ___ _._ ___ __.,_--'-__ .__ ___ ....__. 

10 15 20 • 25 30 

T (° C) 

Fig. Z - Plot of the logarithm of the mean rate of oxygen consumption (R = 
' • µL/g/hr of Pate l l a c a eru l e a against temperature (T). The straight 

• lines have been fitted by the method of least squares. 

P. ca1:?rulea has a higher rate of oxygen consumption in water than iri air, 
P. ·iusitanica has a h'igher rate of oxygen consumphon in a1ir than in water. 
The respiration results obtained indicate that the two Jimpets show a respir­
·atory adaptation corresponding to their respective level on the shore. 
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Since the ohserved lethal temperature in a:ir i:s higher in P. lusitanica 
than in P. caerulea ,and since at this temper,ature the effect of desiccation 
is also operative, ~t was expected that P. lusitanica would also ha,ve a higher 
resilstance to desiccation than P. caerulea. Figure 4 shows that the time of 50 
per,cent mortality was 36 hours in P. caerulea and 64 hours 1in P . lusitanica 
at a relative humidity of 65 percent and at a temperature of 18°C. 

The resiistaince to high and low salinities obtained for the two limpets 
is shown in Figure 5. In Figure 5, the high sa1inity curves have 
been drawn to aipproach 100 percent (i. e., norma]) sal,i,nity asymptotically. 
The low saLinity curve for Patella caerulea has been drawn to a;pproach 80 
percent salinity asymptatically ; that for Patella lusitanica has been 
draWl!l to approach 100 percent salin'ity a,symptoticailly. It is seen that 
the two limpets had essentially the same r esistance to high salinities, suviving 
indefin1itely as the sal1i:niity decrea,sed from high values to 100 percent salinity. 
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At low salinities, P. caerulea appeared to be more tolerant to low saliqities 
than P. lusitanica. The time of 50 percent mortality was found to be [ndefanite 
in P. caerulea exposed to 80 percent sahnity but was only 9 days in P. lusi­
tanica. The greater a,bility of P. caerulea to survive at salinities somewhat 
below niormal means ihat it .is more tolerant than P. lusitanica to such dilution 
of the ambient seawater as the limpets may normally encounter on the shore. 

DISCUSSION 

The effects of high temperatures on intertidal animals clearly depend 
on whether the temperatures are experienced iin air or in water. The effect 
of high air tempera:tures -ts, however, complicated by the occurrence of eva-­
poration, other events not being excluded. Limpets such as Patella lusitanica 
and P. caerulea do not . hold the shell firmly pressed against the substrate. 
Evapomtive cooliing, therefore, can take place in these limpets from around 
the mantle edge. Exper.imental evidence in support of evaporative cooling 
in three representative intertidal animals has been obtained by Le w i s 
(1963). The re.sistance to temperature of the Hmpets species investigated 
appears to agree with the dlistr ibution of Patella species described by E b 1 i n g 
(1968). The higher 1resistance in air found for P. lusitanica correl,ates with 
the fact that this limpet ,.1s fou,nd in ex,posed situations more often than P. 
caenilea. 

The two limpets show a respiratory adaptation corresponding to that 
expected from their regime of exposure and submergence at their respective 
level on the ,shore. The results 'indicate that P. lusitanica is able to respire 
better in air than in water while the reverse happens in the case of P. 
caerulea. The present find.ings and those of S a n di s o n (1966, 1967), Mi­
c a 11 e f (1966, 1967) and Mi c a 11 e f and B a.nn iste ir (1967) appear 
to show that while the respi:ratory rates of 1i:ntertidal anfumals may vary 
with temperature, their rates of respiration are different according to whether 
the animals are exposed or submerged. 

The results obta•iined here confirm the earlier general observations made 
on marine moUuscs by Go wan 1 o ch and H a y es (1926), B r o e k­
h u y se n (1940), Mi c a 11 e f (1966) and Davi s (1969) that hi:gher level 
speoies have a greater resi:stance to desiccation than lower level species. The 
present findings indicate a correlation between ·resistance to desiccation and 
the position of the limpets on the shore for P. caerulea and P. lusitanica. The 
same co.rrelation also applies to the salinity tolerances of the two limipets and 
the results obtained f.ind a close parallel with the observations of B r o e k­
h u y s e n (1940) on South African prosobranchs. 'l'he tolerance of P. lusita­
nica to high salinities and Hs intolerance to low salinities suggests that it is 
not expected to tnhahit rock pools. This conclusion was verified dm,ing visits 
to several .rooky shores in Malta. The absence of P. lusitanica from 1rock pools 
is probaibly also -due to the fact that it prefers an exposed enviironment with 
periods of submergence. 
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In conculsion it can be stated that a pattern of rcsistance to high temper­
atures in air and in water, desiccation, high and low salinities and respiration 
in atr and in water has been obtained which account for the zonation of P. 
caerulea and P. lusitanica. 

SUMMARY 

The Hmpets Patella lusitanica and Patella caerulea have been observed 
to show adaptational differences which correlate with ,their positLon in the 
upper and lower parts, respectively, of the eulritforal zone in the Mediter­
ranean. 

The instantaneous lethal temperature in air and in water is higher in 
P. lusitanica than in P . caerulea. Both limpets have hrigher instantaneous 
lethal tempe.ratures in air than in water. 

P. lusitanica has a higher resistance to desiccation and a slightly higher 
body water than P. caerulea. 

P. lusitanica and P. caerulea have essentia1ly the same re&istance to high 
salinities, but P. caerulea is more tolerant to low salinities than P. liisitanica. 

The rate of oxygen consumption of P. lusitanica is about three times 
higher in ai'r than 'in water, whereas the rate of oxygen consumption of P. 
caerulea in water is about twice that in air. 
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KRATAK SADRZAJ 

Kod ,priljepaka Patella lusitanica 'i Patell.a caerulea zapažene su prila­
godbene razlike koje su u korelaciji s njihoviim ,po}ožajem u gorn3im, odnosno 
donjim djeiovima eulitoralne zone u Mediteranu. 

Trenutačna letalna temperatura na zraku i u vodi viša je za vrstu P. 
lusitanica nego za vrstu P. caeruleo„ Obe su vrste otpornije na visoke tempe­
ra·ture zraka nego vode. 

Vrsta P. lusitanica sadrži nešto više tjelesne vode i otpornija je na isu­
šenje od vrste P. caerulea. 

P. lusitanica i P. caerulea u istoj su mjeri otporne na visoku slanost ali 
je P. caerulea tolerantnija prema niskoj slanosti ,nego P. Lusitanica. 

Potrošnja kisika kod vrste P. Lusitanica za oko tri puta je viša na zraku 
nego u vodi, dok je kod vrste P. caenilea u vodi za O'ko dva puta više nego 
na zraku. 


