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FB;Q Transinhwon (/Vew SQI”JQS ) A/D7/

.:GOﬁPARA”IVL IHVESTIGATIONS ON THE RESPIRATORY PHYSIOLOGY oF EURYHALTNE
'“7LGAHPARIDS WITH SPECIAL. RETFRFECm 7O SALINITY RBAP?QTIOR.--”

by Ro-P. Bulnheim.
'_(Helgolénder wiss. Meoregunters. 23, 485-534, 1972) . SO :
: ?ﬁwmnrhxﬁaa‘ By f? L. fVaL@( 1-35.3:uﬁ_'=f=uiﬂf'i'ﬁfxf;?ﬁzé};i~ ﬁF“'J'-'

In £the reglon of the North Sea. an& the. Baltlg ‘there occur . several speclea S

of the genus Gamnarus, very closely" related to each other, which partly also
"5fcolenxse estoaries’ and other nelghbourlng brackisl waters.: To the’ 5p901as SR
- digtributed along the German seacoast there belong Gammarus locusta, (L.}, |
G. oceanicus nFGBRSTRALE, B. salinus SPOCNER, G. raddachi SEXTON and Q. ducbeni
LILLIEBORG,. - Although morphologlcally-separated only through very few charac—

terlstlcs, ‘these shrlmp gpe01es are revealed 1n a partly ecological respect
~to be 31gn1flcantly differentiated from one another, These dlfferences are
particularly evident in tolerance and preference compared with regard to the

salt content of the external medium, but also in some other characteristics.

On account of small gtruciural differences, a mure systematic demarcation
for mome of the species mentioned has been in question for a long time. Apart

-Jirom G. duebenl, whose taxonomic individuality remained undisputed, G. zaddachi,

) G, sallnus and G. oceanlcus were next con51dered as a separate Spemles wder

T gme title O, zaddachi’ {8 LXTON 1912), later as three. subsyeolea -'G. zaddachi -

zaddachi, G. zaddachi salinus and 3. zaddachi oceanicus | (SPOOH&R 1947, 1931,
ISEG?RSTRRLE'194T) These gubspecies were flnally elevated to theé. rank of
2;;genu1ne sPecies by KINND (1954) a&ter 315n1f10ant crlterla.for thelr genetlc

1nu1V1dua11ty had been d1scuvared.- The separatlon of these three as sibling °

ffspeoles of 31m11ar form haa not only been compllcated hy thezr mornhologioal
'SLmllarluy, but also through ‘the fact tha% thelr enV1ronments partlally

:overlap..-

" On the ba51s of a taxonomlc revision of the P 1ocusta group, the exlsn

tence meanvhile of further sibling species has been_establlshed-by STOCK (1967)
Thus next to (. locusta, which previously had been frequentiy confused with

R

the abhove-mentioned forms, there could be defihed four higherto unrecognised :

species, which occur in different BEuropean sea areas, and amongst these




G. insequicauda STOCK, which had recently been found in the Baltic (JA2D2EWSKI
1970).

In view of the fact that for these members of the family Gammaridaé one
is dealing with groups of species which are very closely interrelated, there
ariges the question as to how far they also differ amongst thomselves throungh

hysiological characteristics, The discovery that the more or less clearly
ecological differentiation which exists amongst the individual Gammarus species
and is correlated with metabolic and physiological differences, has already
been made by a series of works on the osmotic and ion-regulating capacity

(B EADLE & CRAGG 1940, KINNE 1952, WERNTZ 1963, BOCKWOOD 1961, 1964, 1965,
1970, SUTCLIFFE 1967a, b, 1968, 1971 a, b, SUPCLIFFE & SHAW 1967, 1968 inter
alia) as well as some data obtained through comparative experiments on the
oxygen reqguirements (LOHENSTEIN 1935, SUOMALAINEN 1958, ROUX & ROUX 1967,
ROUX 1972) of different representatives of this genus in marine, bfackish and

freshwater environmentsa.

The comparative respiratory and physiological experiments already made
on the five euryhaline species Gammarus locusta, 6. oceanicus, C. salinus,
G. zaddachi snd ¢. duebeni provide an experimental contribution to the further
clarification of this problem. .In view of the productive biolegical signifi-
cance due to these amphipods within the marine littorel on the basis of
their individual sovereignty, it would be interesting to obtain information
about their respiratory intensity, in order to be able better io evaluate

their role in the material and energy cycle,

The respiratory measurements carried out within the framework of this
experiment were occupied with the relationships between oxygen corsumplion
and body size depending on salinity. They also had the cbject of deterﬁinihg
the variations in metabolic intensity after an abrupt change in the salt
content of the external medium, and to establish the period of time for
the process of adaptation. As ithe experiments were carried out polarograph-—
ically in a testing plant with continuous flow-through, and the method which

was applied permitted continuous recording over prolonged intervals, there
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could also be carried outs compariscons between metabolism at rest and under .
activity, and the alterations of oxygen consumptlon during the prooess of

movlting could be measured,

MATLRIAL AND METHODS.

Experlmental Obgects. L T

The above~mentioned five species served as experimentél'objects,'and' 
it was possible to rear them-all-in the laboratory. fThe -initial population -

of fGammarusg duebeni-originated from the Elbe estuary near.Mﬁggendorf; that

of G, zaddachi from the river mouths 6f the Wegeor and the FElbe., G. salinus

was taken on the rocky shore at Heligoland (north;east s@ndhank),fG. oceanious' 

" in the entrance to the Kiéi(ﬁeaf the mouth of the Sohuenfiﬁe) and G. locusia
in the sandbank region of List (Sylt), as well as in the outer harbour of

Heligoland, Neither for G. locusta nor for B. zaddachi could populatlon_based

differences be established with regard to the oxygen requirement;  the corvres-
ponding measured'values are therefore ﬁot separaﬁely speoified. The deterw:'
'mlnaﬁlon of the individual species followed the 1aent1fylng keys of KINKH
(1954) and STOCK (1967)

e

All the Gammarug specleo were plaoed in large tlled baslns wlth a f:
water volume of ¢. 100-315 1, or in smaller aquarla with- botﬁcm filter cultures,

which were OCGupled by the freshly-caught specimens which had already been

_fldentzfled. MG¢.duehen1-and G. salinug proved relatively easy to rear through - R

& low mortality rate, while the other three species showed a.highér-mértélity

- and.alsq-pould not be;brought io.muliiply.COntinuogsly. _?he;methqd:df'oultupe___

largely corresponded to that'ﬁhioh'has been applied for the breeding of G. due-,
Jbeni and hag wlready been desorlbed in another connemtion (of. BULNHWIN 196)

1)72) As £o0d, the shrimops were g1ven algae (Enteromorpha, Ulva), enchy%raeus o

“and roast mussel (mantle, glands of the small iantestine and reproductive
tissue). The waler was constantly aerated and from time to time partialiy

or completely rvenewed. The temperature of the culture stood at 15 + 2%,
Greater discrepancies in the overall temperature (1500) aroge in general only

for a short period with extreme outer temperatures in winter and high summer.
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The individuals which were used for : the respiratory experiments origin-
ated as a rule from the successive generations of the specimens taken in

" the wild (apart from some measurements on O. zaddachi and G. oceanicus). In

order to have at our disposal over a long period of time experimental animals
which had been identically handled, the individual Gammarus spécies were |
veared from the start in two salt content stages (10%0 ana 30%/00). In con-

trast to G, locusta, G. salinus, G, oceanicus and G, duehenl, the culture

of G. zaddachi was least successful in medis of 30 /oo, 50 that no contlnuous

caltures could be bred in this salt content stage. -

After completion of the respiratory measuremenus, the shrlmps were
_drugged in a 0.1 percent solution of MS-232 (flrm of Sandoz, Nuremberg), in
Iorder to determine their sex as well as to establish the1r fresh WGLth- o
Before belng weighed, the Gammarf‘were freed of adherlng water by belng _
dabbed with filter paper, especially of the liguid remaining between the
1eés and the gills. In all viven caseslthe oxygen'aonsumption &alues were
obtained on the wet weight., As was establlshed through the . comparat1ve L
weighing of 1iV1ng and dried animals, the water content amounts to 78% for ..
G. duebeni and 80% for G. Jocusta. These data make possib le an approx1mate
subsequent conversion of the'measuremenfs'in{o the drﬁ weight, 1+ should
finally be noted, that of the females only thoée speciméns, whose marsupium

contained neither eggs nor embryces were selected as experimental animals.

The production of the indi?idual salt conbent concentrations todk'placé
through dilution of sea water with mains water {(alkalinity: ®-value 0.35-

. and .

0.40, m—-value 3,8-4.3 mval./l.)Aﬁhrough the addition of commercial sea salt.

Salinity was determined by the aereometric and osmotib methods.

MBETHOD,.

As has already been indicated in the introduction, the 902 was measured
on ‘the polarographic principle with the help of platinum-silver electrodes.
The electrochemical method of measuring oxygen has in recent times achieved

additional significance, since in contrast to other conventional methods
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(eg. manometry, WINKLER oxygen determination, SCHOLANDER'S method), aémaé it
is marked by a smaller expenditure of effort, good reproduction of the measurgd
values and the advantage of a continuous measurlng process in longuterm '

exparlments.

For ﬁhb present investigations a sitabilised membrane—covered allﬂglass
platinum electrode (after GLETCHHMANN. & LﬂBBbRS 1960) was used, in the modifi- '
cation as a spherical surface glectrode (LﬁBB&RS & WINDISCH 1963); ‘Thisg -
electrode, constructed on the CLARK principle, although substantially imﬁﬁoved,
ig separated from the medium to be measured by a watertight, althdugh'oxygen— :
permeable, 25wkm. thick Teflon mewbrane. Iﬁcon51sts of a platinum wire cathode
{meaguring glectrodg) and a smlver ‘anode (supnly electrode), which was plated
with silver chloride to raise the ghibility of measuring (cf. RING et al. 1969) .

" The cathodes of 200~ 1. thick}platinum wire welded info_glass-ffee-of.
air bubbles, lies in the distal spherically-shaped part of the electrode,
which fits into the eledtrodewcoveringIreoeptacle ~ vhich is likewise of
glass — and is secure& theee. The oathode is comnected for: conduct1v1ty
_w;th the anode lying beneath the head of the electrode. by an electrolyta

©_salution (0. 5 me KCl at the chloridised anode) - A thln film of cellophmne :

L(ﬂvlzikm) lies between the cathode and the Teflon membrane asg 2 stabzlls“ng
partition, so that a constant, uwnaltered diffusion space is provided. At the_
basé of the electrode lios the analyois.chamber, and éxﬁension of the glass
dapillary'sysfem. It contalns é small glass st1rrer, in which aa iron plate
has been welded. A magnstic stlrrer'atbached benaath tne electrode sets -

the rod in rotation (370 U/min.)}. The turbulence arising from this ensures'
a wniform diffusion of the oxygen %ui of the meamuring solutlon onto the

‘platinum surface,

_ The physico-chemical processes, which take place_atfthe cathode when
voltage is turned on, have been deseribed amongst others by CLEICHHANN &

LUBBERS (1960). The molecular oxygen diffusing at the platinum surface is
charged with electrons; there the reduced oxygen reacts with the hydrogen

jons of the water in several steps with the formation of hydroxyl ions.
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The current flowing on the reduction of oxygeﬁ at fhelcafhode is dep-
endent on the number of diffused okygen molecules. If the vollage applled
at the electrode is large enough to reduce all oxygen molecules at once, |
the reduction current 1s proportlonal to the oxygen pressure 1n the soluﬁlon.'
The voltage curve (polarogram) is QEGlSlVe for the measurementa in gasg- analysis.
First of all the reduction current increases wich lncre381ng voltage, and in~
deed right up to a region (abouk 600~900 ﬁV) in’ whlch the amount of current - _
remeins constant with further increase of vcltage. As the current is 3 functlon
of the oxygen concentration in this so-called region of current diffusion .
limit, $his has been selected as the area in which to work. With the appli-
: cation.of.electrb&ea‘ﬂhbae anode'SHOWS'a'covering,cf'Silver ohloride,.it-j-'

seemed best to conduat the measurements at a polarisation 001tage of'800~900 Ve |

The meaguring a“rangements for the present questlon con31sted of an
analy31s section with one or two coﬁé}féé vggsels resyeatively for equalaalnq
the medium with oxygen from the air, a resnzr%F on zg?mber and a capillary
system, which made up the connection beiween,ggheaiﬁg bottles, b;sP;ratlonJ-;' _
chamber and electrode prodmoed; and of one section for measurements. The .
- analysis section was in a thermostatic water bath, which was regulated at
the experimenf temperattre of 15 4 O. 0500. With the help of a high accurate
performance pump (Dawerinfusionsapparatur Unita EE?&!E?SPa ‘Braun, Helsungen)
The medium to be measured was delivered out of the cohering botile at a’ conw-

stant spped to the electrode, either on a direct route on taking tp the:_.
empty value,or via the respiration chambery if this were occupiqd by an
experimental animal. As Big. 1 shows, the direction of the water current -
within the flow apparatus could ve altered by means of geveral three-way taps
whishhad-been, mounted within the capillary system. Through the installation
of a second pump, which had been connected to the three-way tap.lying'hehind
the respiration chamber, the empty'value could also be taken intermittently _
.in long-term measurements after switching the thfee—way tap, without{ the nec~
essity of taking the experimental animal out of the breathing_chamber. Resf
piration chambers of different volumes were used according to the size of

the individual. A strip of synthetic gauze was inserited in the respiration
chamber to damp down locomotive activity; as the experimental animals Settled_
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con this, they came largely to rest as a rule after gsome. tlme, on the bas;s

- of their strongly thigmotactic#l behaV1our;.

The electrode was connected to the measurzng apparatus alter its pre—
paration (covering, electroliyte filligg, sealing, etc.) and fimctional uestlng
(Combi-Analysator of the firm Eschweiler & Co., Kiel). This delivers the

_polarization veltage, strangthens the current f10w1ng through ﬁhe clroult
and allows the measured values 1o be ready these are oontlnually racorded__ _
by means of a compensition curved recorder (model "Servogor“,'firm'of Fetra—.f
‘watt, Nuremberg). The- la%ter was connected via an appliance to zero pressura -
“on the Oomhl-analyser. -
With the oal1brat10ﬁ'of'the.éiééfrode,'%he_eﬁtrﬁj of'gas-ﬁiifufééfw{fh?f'"
a defined oxygen content From atmospheric air saturated with water vapour
was dispensed wmth, since small gas bubbles’ often formed at the electrode
membrane after liguid had been later channelled throughs the removal_was | _
only occaslonally successful after a good deal of troudble. - The zero ééttin@:
was made with the helﬁ of a freshly-applied solution of sodium dithioﬁite.'
Oxygen dissolvéd'in the water is cliemically bound through the addition of
sodinm diﬁhionite;--The solution was poured intqla filler set in front of
‘the electrode and conrected “with the capillary system by a three-way tap.
"As the calibration curve shows a linear course under constant temperature, o
the determination of a second calibration point is-sufficient. " This was
-deiermined with témperate, air-gatuwrated water, which was subsequéntly vassed

by the électirode in a congtant flow., =

- The stabilised all-glass platiﬁum electrode in use. (producer. firm of
Eschweiler & Co., Kiel) shows great sensitivity, good reproduction and is
rapidly ;nstalled (c. 20-30 sec.). The average error of a wmit oi.measuremeﬁt
amounted to + 0.5% (GLEICHMANN & LUBBERS 1960); the minimun reading-off
accurac& on the recorder.lies at &bout 0.3 Torr. A satisfactory measuremént
shability in the electrode could bé shown by itz uninterrupted presence in
the flow-through apparatus in general over a period of 2-3 weeks, axception&llyl
also up to about 4 weeks, before a new covering with the previously merntioned

films and a new electrolyte filling had to be made. Next to other faotors,
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the quality of an electrode &ependﬂ'primarily on the care which is devotied

to the manual installation. Asg an example of particularly zood sﬁaballty,

a range of meas urementscgﬁgﬁ¥§ibe-taken, in which the discrepancy within 4
days amountg&only ~0.2% from the nomlna; value and within 6 dajs %o.—0;5ﬁ;
with. special regard to alterations in air nréssuré.- An electrode dfift is

at the most comteracted through a negligible alteration in the polarlsatlon'"

_ voltave.

The experimental medium was filtered before use, sterilised-by means of

an uitt raviolet -lamp and £illed into a supply flask, Tnle was connected

with .a bottle with a standard level, ithrough which the water level im the éﬁdymﬂﬁ&’°-

Qﬁﬁrtﬂg bottle could be held at a constant level. In E%e $x£i?1ments on’

. the effect of an abrupt alteratlon of salt content, two ecohering bottles
were 1nstalled with media of different sallnlﬁy, out of Whlch, acmondlng Bo
the p051t10n1ng of the stop~cocks, air-saturated water of the one or the

other salt concentrablon was pumped through the caplllary systcm (o*. rlg. 1).

The experlmental animals were in general placed in the hygplratlon P
chamber after a onenday period of starvation, where they remalned, accori1ng
to the problem in questlon,fht varying lengths of time, in any case for.at
least three hours, until arr1v1ng at a conztant value. Before and after a
.measurement, the empty value was taken as control, and also intermittentl y

for long-term experiments.,

The evalﬁation of the measurement dats which were continuously registered o

on the compensation recorder, followed at intervals of aboﬁt 20, 40, or 60
minutes. As far as the resplratozy curvesg showed larger oscl1lat10ns, the

results were derived from graphically determined average va}ues._

¥ith the help of a barograph, the actual air pressure was shown contin-

uously, - which should be borne in mind for the calibration.

Calculations;

For the calibration and the conversion of the variations measured for

the pOe, in units of volume, the following relaitionships are valid, which are




J
set out as follows. They are governed by the lawahon the solubility Qf gases
in liguids. | - |
- The solubility bf a gas in a soluble mediﬁm is-prOportional.to its

pressure or.ité'partial.pressure regpeciively, and in#eraaiy proportional
to the temperature as well as the content for the dissolved substanes. The
oxXygen pressure in water saturaied with atmospheric alr thus corresponds to
- the par:i%}wgigssure of the oxygen in the open air.  With 3peclal reference
to the stemm’pressure of the water, through which the proportional parts of
the aimospheric gases are altered depending on the temperature, there resulfsm'
for the calculation of the oxygen pressure (p02): ~ P % . .
- P02 = 0.2094 (p_ - ».) A - )
(0.2094 = oxygen partial pressure of dry air related {o.1 aﬁm; o, = actual

air pressure; Py = partial water vapour prossure at the temperature of

the experiment) _
wff“\( ryee

The values for the steam pressure of water depending on temperature
have been collected and tabulated by OPITZ & BARTRLS (1955) The oxygen
press?re in gtabilised water is determlned through the actual air pressure

ki Vi

and steam pressure, but not through the concentration of dissolved substances.
Hence water of varied salinity shows, under otherwise identioal physical
COnditiona, the same oxygén pressure; the volumes are however different on

- the basis of their dependence on the concentration of dissolved substances.

With the conversion of the measured p0g differences.in units of volume,
the Bunsen absoption coefficient (a) of oxygen must be taken into account.
' This shows the volume of a gas obtained at 0°C and 1 atm. pressure, which
will be dissolved in 1 cé. of liquid at a stated temperature and-a stated

pressure. The following formula arises for the BUNSEN. absopiion coefficient

(cf. BUCKEN & WICKE 1958):

- L . 273.15

273.15 + 4 | o - {2)

' , . 0,
@;:_OSHALD golution coefficient; +t = temperabihire of the experiment in C)s
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The OSWALD Solubility.coefficient is defined through the concentration

.cbﬂtent'(c) of the gas contained in the liquid and in the gas mixture abov@

it. In the case under consideration we have:

I = Co2 {water) )

o cy - - R
_ 02 {air) | L _ T {(3)
The data of GREEN'an&_GABRITT (1967) axre the basgis of the golubility
of oxygen in water of varying salt content. 3By méans of the absopption
coefficients, the oxygen concentration (V02) in dependence on the oxygen
_partial pressure (pog) and the iotal pressure of the gas mixture (normal_-
conditions for air P = 760 Torr) is caloulated as follows:
wog = 2rP% | | |

For conversion of the measured alterations of the oxygen pressure in -

wits of volume (cc. 02) there results with reference to the water volume -

supplied (in cc. per unit of time) for the oxygen consumption: - '

a;.l) Torr .v o _
r | - B

(v = volume of the liquid supplieds ZS‘Porrlz measﬁredlalteration of the

VOg =

oXygen pressure).

The oxygen consumption can then be converted into units offweight

(obtained for the fresh or dry weight of the experimental objects).

RESULTS

The respiratory metabolism comprises the oxidative processes takKing

place in the organism, which serve to oreate ensrgy for the maintenance of

the life processes and the synthesis of body wmaterials. The oxygen oonsumptioh

ag an indirect mass for the interchange of materials and energy is dependent
B FaTE

on numerous factors of an exogenic and endogenic nature, partly standing in
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interaction. The analysis of the effect of all unit factors, as well as the
i1lumination of their complex 1nterp1ay, presents an extraordLnarlly extensxvc
-task, which can only be solved in numerous single steps, a task to which the o

present investigations, prlmarlly effective in an 1nterspeolflc comparlscn,

should algo afford a contrlbutlon.

Dependence on sige and gsalinity

The prohlem of the dependence on size o$'the reanlratory 1nten31ty for'
the. 1nd1V1dual Gannarus syecéés formed the first central point of the exper1~'
ments. Numerous experiments on repremsentatives of different poikilothermic’
animal groups, as well as on crustaceaus (cf. UOL?EK&M? & WATmRhAﬂel960) have

N :

ledto the realisation that the oxygen consumptlon represents a siwe whlch

P (]

lies mostly in the region between surfaceLand}wélght proportlonallty.

' The application of the allometric fumction offers a signiflcant mathe-
matical description of the relationships between body weight and metabolic
siges - . - e s ' ' ' p '

¥ = a.x’ S (&)
In this formula, y = the metabollo 51ze, = the animal weight, while a and

b represent coefficients in logarlthmmc form., Tha allometric fwnchion is .

‘the equation of a Suralﬂht line: - | ' .
log ¥y = log a + b.lbg Py | _ . .: {7

With the eraphical representation of the basic metabolic rate amceEEie  as A

function of the weight in a double-logarithmioc coordinate system;'one'receives _"

g straight line, on which or in the viocinity o# which, respectively, there

lie the measured values. The tangent of the angle of ascent of these regfession

straight 1ine§?{gwg§termined by the éxponent b, the regression coefficienﬁ.

Its value thus 1dent1f1es the dependence of respiratory 1nteng1uy on hody

size. It varies mostly between 0.66 (surface proportion) and 1.0 (weight

proportion). The parameter a represenis the metabolic size qf the gelected

unit of weight (in this case 1 g.) and indicates the average of the regression

Tine with the ordinate axis. Together with the regression coefficient, it




12

 forms ah appropriate standard for specific comparison of'sbeéies or groups{
Through the determlnatlon of both these parameters there is glven the pozms— .

ibility of calculatlng the r63p1ratory volunes of any other class of ualghh. '

It ise 1mperat1ve to have under consideration a wide range of welghts
for the mogt oxact p0881ble determination of both values. On the selection :
of. the experimental aninals extensive caloulations were devoted to this aspéot;'
_The weight proportions between the smallest and 1arﬂest exPerlmental anlmale, '
on which the measurements were based, lay batween 1:22 and 1: 50 (cf. P:gs._ |
2-6). Very young specimeng up to a body length of 4~5 mm. could not be .
consldered, gince on account of tnelr minute size they esoaped from the
respiratory chamber into the capillary system of the flouuuhrough apparatns,
and could thus disturb the measuring process. DBesides, it appeared prudent
to dispense wi%h groups of this sizé-on avrount also of the very low flow-
through spseds which were necessary for experiments on small animais'of-this
kind, and on awwount of the greater inaccuracy of the measﬁfements connected
with this. | |

Since for intra - and interspecific comparisons,.it'anpearéd better
to work from a greater difference in the salmnltles to be compared, the mea—
surements were made in fwo concentrations, 10 /oo and 30 /oo. Both salt _
' content degrees comprise a region in which these five species also ocour
naturally, although in part only u&ﬂPOT&Tlly. At least with the 300/00 otage
the approximate upper iimit of the natural distridbution of G. duebeni and

G. zaddachi is attained. Later the partioculars of the salt content reguire~.

ments of these species will be examined in detail.

The respiratory meagurements, which wére continubu31y made oﬁ'loﬁéuterm
adapted individual animals, lasted as 2 rule for several hd&s, untll constant
metabolic values were obtained. By means of the course of the reSplratory
curves, it could be estimated when approximately basic metabolic conditions
were reached. At any rate it can be stated, with reservations,'thaﬁ for
the experimental animals a full rest position was practically never given.
Unless measurements were undertaken on drugged shrimps, as FOX & SINNONDS {1933)
as well as LYWBNSTEIN {1935) did, when definite effects of the narcotic on
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“the metabolism could certainly no% be precluded, definite Spontaneoué activity
must be tolerated. This also explains the not ihoonsiderable range of v&riaﬁsu
“%ion of the neasﬁred'data, which are reproduced in “igs. 6. in these N |
graphical representation regression lines caloulated Por both sallnltles : :
have.been inserted. TFor the regression analysis the oxygen consumptlon '
~values Tor male and female as well ag for young animals not yet_sexually
differen%iated were included, since no gypesifically sexual diffefences coudd
“Dbe proved, The allometric parameters a and b with their standard deviations
éa and = ‘caleunlated out of all the reasured data, are placed in Tab. 1 nextj,
to the standard esttmated error Sy i as the standar@ of the dlspersal around
the regregsion. line and the oorrelation'coefficient r. -These facts permit
the corresponding confidence intervals fdr a éelected confidence'probability:
to be determjned (ef. SACHS 1972), and other statistical caleulations to be .
conducted. -

If one should compare the.regression'coefficients.on an-intra~fénd inferw.
specific level, it becomss plain thai in the:300/oo stage higher values then
in the ioo/oo stage are to be recorded for all species, wﬁﬁh.the exception |
of G, duebeni. This means that the slope of the regression line in the
higher salinity is steeper for (. lcousta, e oceanlcus, G. sallnus and

G,zaddachi than in the lower concentration Btage, whlle for G. duebenl almost -

identical proyortlons are present in relation ho_hhe slope of the line in

. both series of experlments. Witﬁ gn intraspecifically adjﬁsted statistical-
comparison of the regressloﬁ coefficients between the reggectlvc 30 /oo and

10 /oo experlmental ranges, for all flve species highly szgnlflcant dlfferences

with an error probability of 0.1% are given.

It isg hence remarkable, that there is pregent a considerahle-variahiliky
in the regression coefficients. These range from values of 1 for ¢. locusta
in 300}do up to values of 0.6, which have been coﬁputed in 107 /o0 for G. salinus
and G. zaddachi, and for G. duebeni in both salt content regions. Trom |

these resulis it is clear that the metabolic size ranges from a weight propor-

tionality to a surbace pr0portiona11ty; in some cases even & relation under-

- lying a surface proportionality can be established. Buch low regression
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coefficients are also known in isolafed cases of other cruStaceans, as B
- emerges from a compilation by WOLVERAKP & WATERKAN (1960, P 45). As the
experlmental animals included falrly wide ranges in nelpht a snfficiently _

aqcurate_determlnatlon.of the regression coefficients should be guaranteed.

If one oonsiders the amount of bbe oxygen consumpiion next.on the basis
of an interspecific comparison, it emerges that-in most cases no positive ._
relations can be dednced, without taking the body welght 1nt9 con31derat10n.- B
Slnce the regression lines show more or less differsht slopes, bhe dlfferences_ 
between both salt content stages are dependent on the size ratlps in connection

with the average metabolic rate (Pigs, 2-6). 'Thus for G. locusta and ¢. ocean-

icus a higher average ogygen need is recorded in the-area of weight bélow' _
0,06 g, or 0.2 g. respectively in 10 /oo than in 307 /oo, whewe the. dlfferencns
wWith decreasing size are 1ncreasmng1y nore marxed. As the regr9951on lines
. of G, locusta are cut off at a hody weight of about 0.06 g., this ratio ‘
begins to become inveried above this we1ght_stage.' With (. oceaniocus. meanwhlle”

the_intersection'of the line lies almost outside thé weight aregbe;pg;g;am%ﬂegt

The other three species exhibit much smaller dependence of wespiratory intun~

_'aify on salt conteﬂt. With G. salinus and G. zaddachi, the differences in-

crease with body weight, where the oxygeh need in the salt-rich stage is

somewhat hlgher than in the. poorer salt nedium.

1f one obbtains the oxygen consumptlon at a living welpht of 0.1 & there '
results from an interspecific comparison ranging from G. duebeni through

G. zaddachl, G. gallnus, G. oceanzcup %0 (. locusha, a %endency io an increas—

ingly bigher respiratory 1ntenslty'1n both s&lt content sﬁages. G, zaddachl

and . salinus show the smallest differences in relatlon to thelr metabolic _'

size. . Jocusta however is clearly conirasted with the othe; specied. through
a relatively high oxygen requirements, where the ratio of the average QOZ
between G. duebeni and G. locugta amounts to more then 1:2. As can be cal-~
culated from the data in Tab. 1, this ranges from 7.1 to 17.1 oﬁ,mm. 02/0.1 &ih
(36°%/00) and from 7.4 to 15.4 oﬁ.mm. 02/0.1g/h (10%°/00) respechively.

Finally, some indjcation should yet be made oﬁgthe relatlvely high
values for the correlation coefficients {(cf. Tab. l), through whlch tne narrow

‘%w . - 2 e !
Fﬂ(:\? .’5,\4:‘_-" Gn..,g,’-“! Z::}L'&d Eremat o ¥ ye':‘gt ‘*fx,avﬂf

T s 'fln .-at‘av/ f;-h
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relationship between oxygen aonsumpulon and body size flnds 1ﬁs numerical

'expre351on.

To complete the experiments on the aependence of size on resplratory
intensity thus far described, a partlcular parasmtolow1cal question was
incorporated into the metabolic analysis. Here it is a case of c comparlson
of - the r63p1ratory amounts of 1ndlv1duals which were 1nfeoted w1th certain |

-microgporidae, and that of wninfected anlmals.

In the framework of exten51ve studies on the sexual determination of

G. duebeni the occurrence of two microsporidae species, Octosporea effeminans

and Thelohanis herediterin, was established; these exercise a sex determlnatlve

“influence. They are transferred via the eggs onio the of fepring and have
the effect of causing all young infected anlmals to develop 1nto femalps .
also except;onallj into initersexes (cf. BULKHSIM 1969, 1972) Boih speclgs_
oo;onlse the ovary, Thelohania herediteria in addition para51tizes i£ the

entire bodily musculature. In order to be able to stabe whefher the resplrg-

" tory metabolism is also affected through infeotion with miorosporidae, parallél
- measurements were carried out between wninBected and Thelohania-infected o
 individuals of (. duebéni which - as all other experimental animals - also
derived from laboratory cultures. The résults of these'éxperiments are

shown in Tab. 1 as well as Fig. 6.

e 31gn1flcance testlng of the regre351on coefflclenis betwean unlnxeoted
and infected females including young an imals not yet dlfferentzated sexually
gave no de*znlte differsnces at an error probabllllty of greater than EF._

The resplratory 1nten51ty of the ghrimps experlences no variations in welght .
in spite of ihe qulte severe parasitism, which underlinesthe @enerally negllgh

ible pathogenic effect of these mlcrosporldae (BULNHEIM 1971).

_ It becomes further clear, from the comparlson of walues whlch scarcely
- differ from each other of the allomeiric parameters for the females and younb '
animals on the one hand, as well as for indi¥iduwals of both sexes on the

other hand (Tab. 1), that no emrually specific differences are present,
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Effect of an abrupt change in the salt content

Organisms which colonize brackish-water biotopes are exposed to étrong1y
changing conditions of salinity. In river mouth regions, in the:transitién N
zones between freshwater mad marine environments, thers occﬁr particularly :

‘drastic fluctuations of salt content, which can be of short-term (tidal) as .
well as long~term (seasonal) nature. Limited thro'ugh. thesé and other cdhstantly
changing environmental factors, estuary dwellers are particularly btrongly |
occupied with their physiological and eoclogical reactions. They are tpus7
provided with certain compensatory abilities, such as for'exémplé'pronounced'

- osmo~regulatory abilities, 'in order fo be able to resist the changing outer |

conditions.

Ag thé Gammarus species under invesﬁigation_also iﬁhabit estuaries for
the most part, and are exposed to a oconstant osmotio-streSS'through_the'
variations in salt content which prevail . there, testsﬂwere made on . how a !
sudden change of the salinity affected the respiratory 1nten51ty in connactlon -
with the problem of the dependence o1 size- of respiratory metabollsm.'_In. _
oonneotlon with the osmomregulatory processes connected with this, the nuestlon
of overrldlng interest conwerned the interval of “bime for environmental ' _
adaptation, the replacement of the metabollc position from the original level __'
t0 a new p031tlon of equilibrium. Thus these. experiments followed the - '
obgect of throwing light on the extent of the phyulologlcal adaptablllty

to salinity alterations from the point of view of an 1nterspe£151£ comparlﬁon.

As exper:.men‘t_a hy BEADLE & CRAGC (1940), KINNE (1952) emcl HERNTZ (1 963)
have uhown ,Gémmarldae‘are classed as hyperosmotic regulators. Uarine SPecles.'
are. able to regulaie the osmotic concentratlon of the blood more stroﬁgly
than brackish-water forms, whidk freshwater species possess the most negligible
regulatory ability., This ability is vouchedﬁor by the fact that the former
are in a position t0 maintain a definite osmotic concentration gradient
between inner and ouler media over much larger areas of salinity than the

1atter.

Hhile carrying out exparlmenta on the eifect of 5udden Qltevntlon of
the salt content, it was worth considering the salinity btolerances of the
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individual species. The lower tolerancel limits, whéch restiict natural
occurrence in brackish waters, show digtinct differences fdrfthe Gammarus
species under investigation, as can be'concludéd from numérous ééological
data on their distribution. G. locusta tolerates salinities of-5_6°/oé in
the Baltic, while the presence of (i, oceanicué,'aé well ag of G;_salinus,f
is limited by salinities of 2-3°%/oo (SEGERSTRSLE 1547, 1959). A1l three -'

species, however, also occur in the pure marine region. 'The_presence of

G, zaddachi was established in salinities of between 0.1 and 33 49/03 in

the neighbourhood of a river mouth- system {STOCK et al. 1966). . duebeni
is, like G. zaddachi, a typical bemckish-water form. They gocur preferahly -

in meso- and oligohaline waters; Dboth species are even able to penetrate .

into freshwater biptopes (cf. inter alia FYNES 1954, SUTCLIFFE 1967, ?;ﬂKSTE3_
et al, 1970). In addition, G. duabeni has also been found in waters wifh a' ff
salt content of up to 30 /oc, and even isolated. 3peclmens 1n yet hzgher con—--

centrations (45°/00) (FORSMAN 1951)
s : :
 Arising from the euhailne and mesohallne sdlinity are@ resgectlvely

”and the change from one stage to the other, the abrupt tran91t10n to 01130—
haline and polyhallne stages also belonged to the eXperlmental Programme.
In order not to subject the shryps to too severe a phy51ologlcal stress,
| the dlfferenoe of the individual salt content concentrations to which thej
were_expose@ amqnnted at the most ﬁo 20 /oo. In individual cases the foll--
owing series of teéts were. carried out: abrupt change from 16 /oo to 30° /ooi

and reverse, from 30 /oo to 45 /oo as well as from 10 /00 to 3 /oo.-

ALL measurements were made on adult 1nd1v1duals,_whzch-had experienced __
long-term adaptation to 100/00 or 300/00 mnder congtant laboratory conditions;
Kext, respiratory'measurements'extending over several hours;(more than 8)
were made in these sali content stages.  Only then there followed an:m abrupt
change.in salinity with continuous recording. Ag it was clear that in general
‘eritical alterations in the meitabolic intensity were taking.place within |
one day, a}though mostly directly affer the salt content change, thé_measnreu
. ments were not. as a rule protracted beyond 35-40 Hours. Figs} 7 %o 23 ill*  .

ustrate what alterations the respiratory metabolism has experienced in the
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different test'saries..

As wag brought out in the precéﬁding section, no pronortibnality existé
_bebween body size and respiratboy intensity — apart from Q. locusta in the '
30 /oo stage - except for a more or less superficial relationship, On this '~ 
bagis there remained a connestion of the.metébolic ?alues'with a de?iﬂite “
unit of weight. As experimental animals of equal weight were not further _
available for all species and éll'series of tepts, there followed a conversion
of the measurement data into relative values,-whlch moreosver permitted a :
better comparison of the results. Thig took place accordlng to the followlng
- principle: +the respiratory sizes obtained in the first salt content stage.
served as relative values for all variations measured later. Thems data
(oxygen consumption per hour) whioh had been recpfded over a period of 5-6

hours before the changeﬁn salinity were made a continuous basis. These were .

- determined for every indiwvidual experimental animal and.set squally at 10Q%. - .

Higher metabolic values caused through strong-locomotive activity were not -
taken into consideration. A change 1n sallnlty only . fallowed when a constant,;w
reSplratory 1nten51ty could be shown. The data recorued in the second salt -
_.COntent stage were accordingly expressed as relative values likewise, ie. as

: percentuéf;dev1atlons as opposed to the original values of the first 5311nlty.
stage. The relative values obtained for each experimental animal per hour
were added, and the average values, average error of “the avéragp value and
gtandard deviaddions were caleulated. At least 5-6 shrimps were tesbed on’
average per series of experiments. As no discrepancies dependent on sex were
evident, the data for female and male specimens could be $aken togethery; in
many cases ﬁhe experiments were al any rate carried qut exclusively on indiv-
iduals of one sex. .For species which were distinguished through greater '
differences of the regression coefficients, attention was pvad to the fact
that individuals subjected to a series of experiments originated from approx—

imately egual weight clasgges.
During the process of adavptation, which is set off through the influence

of sudden alterations in the intensity of certdin environnental factors,

there may come to light a reaction consisting of three phases (cf. PROBSER
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"19585 KINWE 1964). In a typical case this begins wlth a shock reactlon 1ast1ng .
for odly a short time, which is expressed in the Iorm of an “overshoot"

- Then follows the stabilising phasse, which 1asts several minutes, hours or

days. This passes finally into the phase of a new, stable_condltlon, at

which the adaptation to the alteréd.enritonment is comnleted.: As Bigs. 7—23'
illustrate, these individidls phases, as far as the variationspf the respira—

tory 1ntenszty reflect the process of adaptggon to salt content, are contrasted

more or less clearly with each other. In some cases, however, the shock resction :

“and the phase of the new stable condition do 1ot appear so clearly demarcated. f

Hext are set oul the results whlch were: ootalned on tne transference

of the Gammarldae from a dilute to a conoentrated medlum._

It may generally be established, that a i a leap in salinity from 16°/c0" _
to 30 /oo the establishment of a new metabollc level takes place falrly rapldly, :
after already about 3 to 5. hours almost constant oxygen consumption values h
are reached (Pigs. 7-9). Here there takes place a small decrease in the

size classes of G. locusias and . oceanicusg, uander examination, a slight in-

- greagse of the mame

ap respiratory intengity in the case of G. zadd-

:.39hi: while forﬂG._salinus_and (e duebeni‘(indiviéuals pf @hg;sa@e weight .

_grpup) no.furthe: variations_are.shown;__As the_ourvg_fprlG.zlogustg_énd .

G, _oceanicus on the one hand and for G, duebeni and G. adlinus qn,the othér s

seemed guite similar, the result$ in each case are depicted for only one rep~ . .

resentative of this species.

The more or less strong slope of the reSplratory metahollsm, which 1n
this andﬁn the other series of experiments can appear directly aftgr the
change in salinity is attributable.partly_to an increase of the locomotive
activity, &oxfiesixinmamy With the alteration in concentration in the outer
meﬁium%t-first in many cases there is a flight reaction, which is reflected_'
in strong motor activity. Such phases of activitﬁ, which in'general are onky
short-term, can also occur further on during the process of adaptation._ They
were not, however, considered in the evaluation. This explains why the average
values gilen per hour are not wniformly related to the same nuumber of experi-—

mental pnimals.
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The not inconsiderable range of scattering of the neasurementﬂ is
attributable in the first place to individual dlzferenoes, which come to
light in relation to the reactions of the experimental amimals, also howefefJ
to allesser extent to a somewhat heightened_spontaneous agtivity, which axe
however generally dies rapidly away. It should hence be Stresse&:that in
view of the marked difference in the curve from Specles to spe01es %here is
no occasion for llnklng the variations in resplraﬁory metabollsm observed,

with a helgh%ened 1ocomot1ve actitity in general.

The next series of experlments dealt with an abrupt cqange ﬁrom 30 /oo

to.45°/oo. While for 4. 1ocusta ‘there appeared a somevhat diminished oxygen

. reguirement, in the cese of (!, oceanicus and G. salinus there was a stronger
rige in metabolism, and a smaller one for G. duebeni (Figs. 10-13}. After

about A=T hours almost constant avernpe values were attained. Thus the pro—

cess &f adaptation takes place fairly swmftly. The reactions of G. zaddachi
were not examined, since the tolerance of this species in relation to poly~

s haline media ig relatively poor. The other\spegies_bettqp.Withstonga_tr%nefﬁﬁQ

" gition 0f13oo/oo to'45°/oo, as some supplementary control?Series gshowed.
AAA so the mortality in my madium of 45° oo lay at between 20% and 30% within

a period of 12 days for @. locusta, . oceanicus and ¢. salinugs this

amoﬁnted-to olly 5% for G. .duebeni.

Two further series of experlmenms vere flnallv of value to tne questzon
of the nature of the metabolic reactions and their duration at & change - _ '
from higher to lower salinities. The plunge in salt content from 10 /oo tol
109/00 as a posisoript to the first test series afforded guite another
| picture (Figs. 14-19). Apart from &. duebeni with a generally constant meta~—
bolic level, which is only 1nterrunted by an overshooi raacﬁlon, the respira-—
tory intensity for the other species undergges a more or less drastic increase..
This is greatest for (. locusta with an initial increase of o. ?O%_above-the o
original values, @ig. 19 alsgo illustrates the marked difference in the method
of reaction of both species, which the result of a repeated change reflects..

For the other three species, especially . zaddachi, the respiratory gradient

dhes not show such a considerable amount, The variations of the qu dquring
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the stabilisation phase show a much longer course than with the transitions

from a lower to a higher degree of salt content. .Only'after aboji 2030

hours is an almost new "steady state™ attained, at which §. locusis and G.

9ceanicus maintain, as expected, a somewhat higher level than in the first

salt content stage. This is also the case with Q. aalinué;"the final values

which were ohserved for the range of size being examined, lay on average &

‘1little higher than with the individuals adapted to 10°/oc on the long-term.

Although also in view of the relatively small number of individual mneasure-—
ments we are dealing with a result dependenﬁ on chance,_these_fac%s suggééﬁ'“
that the final adaptation to é new stable condition for G. salinus within ﬁhéJ
observation period could not yet have possibly taken place fully.i'Thia.féctllf'
should alsc hold true for (., locusta. Some measurements, which ranged uﬁ o
to 48 hours after the plunge in salinity, showed that the oXyge@'bonsumption' .

could decline yet further; at any rate not inconsiderable individual diff- -

“erences were outlined here.

It should in sddition be noted that not all indiviauals'surﬁivéa the

- sudden transition from 300/00 to 100/00._ Here gubstantially more measure-

mnents were made on (. locusia than for the other species. At the evaluation
in general only those animals which had survived the salt content change

without détectable damdge were taken into consideration.

The leap in salinity from 10%/co to 3%/co represents indees only'a.Sﬁa11 
difference of concentration, but this lower degree of shlt content already

marks the limit of tolerance for G. occeaniocus and G. zalinus. #a it liem

higher for . locusta, corresponding experiments on this species were not

undertaken.

As exemplified in Bigs. 20-23, in the case of (. oceanicus thera occurs

a strong increase in oxygen requivement directly after the change,'and this

then shows a tendency to go in reverse, and reaches equilibrium after about

15 hours at a level which remains constant. G. galinus reaches a new con-

stant value with a longer slope after about 7 hours. In consrast to the

original gituation the oxygen congumption in this new stable phage still"

riges by abowt 30i (G. oceanicus) end 20% (. salinus) respectively.  Like-
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wise with G, zaddachi there ocours an increase with a following decrease,

which ig apparenﬁiy over after 2025 hours. Similar behaviour is -alsc shown
for G. duwbsni, although the metabolic increase is substegtially less and the
orlglnal values are almost attained agaln in the flnal stage of the St&blll-

Satlon phase.

Tn conclusion it may be established that in general the process.of adap-
taﬁiqn afier abrupt alterabtions in the salt oontént proceéés substantially
more-slowly, and is linked with strong alteraﬁions'in theffegpiratory inteon-
sity, if the change from concentrated to dilute media is_méde, than by trang-
ition in the opposite direction. The question as to how far'theﬁe metabol£C'f
reactlons are connected with the osmo~regulatory processges taklng pTaoe here,
will have %o be discussed later. | |

Effect of a long psricd of stavation
N

That the metabolzo intensity of pbqkllothermlo anlmals deollneu when.
they are.deprlved of food is a fact borne out by numerous experlmento. Less
wéllmknown ig the period of time for this reduction in metaboiism. ExPerlments
on the effect of a long-lasting fasl should thus clarify to what extent the
oxygen consumption declines during a longer period of $ime. Prom these experi--
ments information was at the same time expectéd on how far the métabolic level
could be additionally altered on the basis of a condifion of starvation; in
experiments on the effect of an abrupt change in the salt content, extendlng

' llthlve over a longer perno&.

Fig., 24 illustrates the variations in reSplratory 1nten31ty of Gammarus
oceanicus at being deprlved 86 food for 6 days. On account of considerable
initial irregularities, the evaluation of the measurements began only four
hours after the experimental animals had been placed in the rgspir&tion chamber, -
The shrimps had Been previouvgly provided with sufficient food. = As emerges |
from the curve, a relatively strong reduction in metabolism is recorded within
the first 12 hours. After about 20--24 hours approximately congtuat valués
are attzined, lying about 157 below the original level; later on alsc these

diminish in only very small amounts,.
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Parallel measurements made under the effect of a longEr condition of

gta rvatlon on two examples of G. duebeni, which ranged over one week, gave -

. no ploture diverging from the ratios for G. oceanicus, so that calculatlono

coul& also be made for the other species 1n a 31m11ar 31tu ation with reﬂard'

to the reduction in metabolism durlnw starvatlon.

Iffect of awtivity and thé venfilation rhythm. :

As with many animals which dwell in the tidal zone, amphipods are also - -

known to have periodicity phenomena, which are'underlain'by internalnrhyfhms;'ﬁ

For different species - also for'Gammarus species -~ there was shuwn an actiﬁity

rhythm connected with the day- and n1gnt~0Jrle and the tide cyc1e, on Wﬂlch
numerous monographs are available, JANSSON & KEILENDER (1968) observed

heightened ﬁooturnal-mofemenf for G, oceanicus as well asg DENHERT et al. (1969)-

on @, zaddachi. HALCROW & BOYD (1967) established in addition for G. oceanicus

a period of activity correlated with the tidal phases as well as FINCHAN (1972)

--for~Marinogammarus:marinus; HALCROW & BOYD however récbrded a rapid decline

of this rhythm under.laboratory cbnditions-wheré-thewe-was-no-timefindication.j.

An analy31s of possible effects of internal rhybhms ‘on hhe metabolic
level was not made. in the 1mmed1ate centre of interest of tne present experi~ -
. ments. As had already been stated, the experlmental anipals originated’ almQSu:
without exception from lahorétbry culturess; they thus offered nb'assurande.

_ that there per31sted perlodlclty phenomena ocourring in bhe wild. Thug a
clear working of these effects could not be recognised - espeoxally the long—
term measurements over several days on the determination of the metabolic
reduction under conditions of starvation. Indeed,.in some cases there was
recorded a ﬁeflnlte nocturnal increase in metabolism, provoked through height—
ened 1ocomot1ve act1v1ty, but for the most pari there emerged no da:ly gauc-
tuation in oxygen consumption under the conditions of a natural light-dark '
‘change, such as prevaidkd in the 1ab0&aﬁory during the measurements.  Some
steering experiments on specimens of G, duebeni, which had for a long time
been exposed to a light-dark chenge for 12:12 houré bvefore and also during

the measurements, likewise did not allow the emergence of meltabolic dhyihm
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to be clearly recognised.

The state of activity of the experimental animals could be judged quité
acdurately be means of continvonmsly recorded measuremdnt values. Through
observatlon of their behmviour in the respiration chamber on one hand and
‘comparison of the recorded curve on the other, a clear plcﬁure could be obtalned
on whether the shrimps remained in a state_o; rest. or made movements.  Here
the metabolisms for rest and aclivity could be distinguished with greaﬁerf '
cerﬁainty,.and plaeéd in relaﬁion to each other. Thus in the_oaée of adult
individuals in a state of active movement, there cbuld bé éeasﬁred a rise
of the metabolic level uof up to 2.5 to 3 times compared to the rest'valﬂes;l
for specimens of (. duebeni there was an even more than threefold rise in
oxygen need. Here it should be taken into. account that the small size of.
the respiration chamber permitted no continuous sWwimming movements,'onlj a’
waving motion backwards and forwards, as well as rotation on the'bodylaxisf
The values given here dgree quite well with the data of HALCROW & BOYD (1967)
in relation o size. These authors carried ovut combined respiratory and

activity measurements on G. oepanicus, depending on the temperature, and at

10 . . . : . o . . .
157°C. determined rvrimes in oxygen consumplion during phases of swimming of

around 2.5 times compared with the rest condition.

¥gntion has already been made that no complete state of rest was given
for the shrimpes in the respiration chamber over a prolonged itime, but a def-
inite gpontaneous activity must be taken into account, being expressed in

occcasional movements of the body and the extremities as well ag the vent ilaiion

activity of the p]eopod@

Through the beats of the pleonbdé direcied towards the tail, a stream
of water is di¥iven from the front to the rear end, ensuring a constant rénewal
of the respiratory medium along the surface of the g:lls and therefore a
maximum concentration gradient for the exchange of gas, On +he guestion of .
the regulatory mechanism of bke respiratory movements, experiments on the
dependence of the respiratory activity of the pleopoda on oxygen pressure
have been carried ouwt for (. pulex, G. locusta (WUALSHE-MAETZ 1;56) and

Marinogamnarug obtusatus (GAHBLm lyTO) as well as on other amphipoda. These
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showed that a reduction of the oxyzen concentration of up to.c.'QOﬁ of the
nofmal value leads to a marked increasé.of the freguency of'Beating, while .-:
yét smaller concenﬁrations‘effect a decrea;e of’ venti]atioq&ctivi%j. With
oxygen saturation of. the resnlrahory medium, CGAMBLE observed ailmost complete

oonilnuous ast1v1ty of the uleopoda, whlch wag however more or less 1rregular. :

G
For all the gammarldaﬁ 1nvestlgated here, there is also mostly no mOVG~'

“ment regular]y following the beating of the pleopod&'when at rest. After

the experimental animals had a long. anqhndlsturbed gstay in $he respiration

chamber under bagic metabolic conditions this respl&atory ventilation mechamism

can however assume a more or-less pronounced rhythm. As the recorded examplea :
in Fig. 25 meke clear, such periodical ventilaﬁion movements are reflected in |
the guite regular variationsﬁf the respiratory cﬁrve. In more or less

. rhythmical motion se@uénceé, vhages of the pleopod beating'thén alternate

with phazes of %He pleopod inactivity, so that the curve takes on én indented
appearanne. During the wentilation movements the oxygen oonsumpbtion 1ncreaseg,
to fall again at the noment the pleopo@g’come to rest., The amplltude of

the variationg, as was shown on the Gompensatlon_wrlter; was shown to be
dependent on the amount of water passing through, and on the sizge of_%he
individual. As far as the ventilation rhythm is modified thvough furthe?
factors, as for example temperature, was not investigated within the content

of this work. The rate of water—{low, which was tested in the region between
12 and 60 ml/ /b, influences the amplitude in that its height decreases with
increasing volume of flow, wibhout causing a a cha nge in the frequency of the
alternating active and rest phases of the ploopoda. The difference of +the
otygen pressure, which was attained between the heglnnlnw and end of %he
'beatlnb activity, amounted in general to not more then 8 Torr for even a

small flow of water,.and a8 mule there ensued much smaller values. It should
however be sircssed that these facts have as a prerequisite only a small: '
respirvatory. decreaseg in the oxygen pressure, which under the given experimental

conditions in general amounted to less than 10% of the saturated walue.

The influenes of the individuwal size on the size of the amplitude is

shown in that this becomes smaller with dermeasing body sigze. MHoreocever,
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the regpiratory curves for animals not yet sexuvally mature show in general.

& less pronounced rhythmical mequence of variation. The height éf amplitude

-also pregents no unalterable size with a state of oémplete_rest. It may become

larger or smaller in the course'of longer periods of time. Should the latter .
be the cass, then the frequencles of the actlve and rest phases resoectlvely

of the pleonoda increase.

' The previocusly described regularltles of the curve. could only be recorded

“for iscolated individuals of {. salinus, C. oceanicus and G. duebenis for

G, zaddachi they did not appear in so pronounced a form, and also for (. locusta.

the form of the curve in general revealed no proportional_sequenceldf variaﬁion;
If one compareg the recorded examples in Fig. 25, it becomes clear that
the highest number of aglternating active-and-fést periods per unit of time

is recorded for G, salinus; it is at the lowest for G, duebeni, while §, dcean-

icus occupies a middle position. In the exemple reproduced here for G. duebenl

the period length of an activep phase amounts 1o abouﬁ 8-10 mlnuLes up o
the next one; even 20-30 minutes were attained as exireme values for this

‘species, at which the rest phase of the pleopods increasingly lengthened.

Ho quarntitative data have been obtained on the number of”beats of pleo-
po&g during the phases of activity. By means of the curve and on the basis
. of visual observations it can however be establighed that the number of move-
‘ments of the pleopods per unit of time is relatively lower for G, ducbeni than

for G. salinus and G. oceanicud.

From the examples demonstrated, and others no% documented here;:one can
nevertheless infer differences in the ventilation rhythm which are connected
with the species only in a very limited manner, especially the form of the
_ curve presented - apert from numerous individual disorépancies ulappear only
after prolonged starvation, which is connected with a cessation of locomotive
‘activity. On the other hand the relatively small frequency of alternating _
movenent and rest phages of the p130podé recorded for G. duebeni can be eval~
vated as a characteristic typical of the species, one which can be linked to

the proworticnately lower oxygen requirement of this species.
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dffect of exuviation

- The process of growth in crustaceans takes ﬁlace ih sﬁages'of moulting,
which are governed by a bormonal dlsturbanoe ag well as the 1nfluence of
.dlffereni outside factors. The moultmt cycle ig llnked with numerous changes
of_baszc, Lnteracting metabolic.processes, which affeot_amongst_others the .
congervation of watef, the metaboliam of miner&&gg the turnover_of.resérve.: 

-substances and the respiratory intensity.

-The'influehce of moulting. on'the resyiratofy netaboliém hasg hither%o.
been above all 1nvesblgated on various decapoda, for which there has generally
been recorded a rise in oxygen reguirement durlng the caatlnghoff of the old -
exoskeleton {e.g. SCUDAMORE 1947, FROST et al. lQpl,-uG“ﬁﬂW & SCHEER 1954, |
ROBERTS 1657, HEINIMANE 1564) .Corresﬁonding data are available fér the -
shrimp (? Leuchtkrebs) Buphasia vacifica (PARANJAP“ 1967) and the'wboduladse
Porcellio scaber (WINSER 1965). With Borcelllo scabexr the rise in resplratory

~m_etabolism before moulting begins with the cessatlon of the food intake .

The oxygen reguirement reaches two steep meximas the Ilrst maxlmum 001ncldes

- with the ecdysis posterioris, the second with the ecdysis anterioris. COSTLOW:
& BOCKHOUT (1958) found no increase in breathing for the cirripedex Balanus

improvisus var. denticu1ata, while .BARNES & BARNES (1963) on the other hand”

vere able to show a pmall increase in oxygen congumption during moultlnr for

‘Balemug balanoides. Wo data are available for the relevant;ratmos for_Gammaruf_

idae — apart from an experiment on (. dusheni on the-transporﬁ'of so&ium

before and after moultlng (LOCLHOOD ANDRLﬂo 1)69)

In the framework of the given possibilities of meauuremﬂnh, the variations
of oxygen intake, which take place durlnp $he process of moulting, could be
continually shown Tor all five Gemmarus species under 1nvestxgahlon. In all.

ten measurements were evaluated on animalg of hoth sexes.

As was shown to agree for all five spe01es, with Gammaridae also a
general increase in respiratévy intensity precedes the process of separation
of the old cuticula from the epidermis. The resplratory nurves on average

reach a summit 5-12 hours after the beginning of the rise, Hﬂlch 001n01des _
‘with the actual act of noulting (Figs. 26, 27). The casting—-off of the old
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exomkeleton takes placé very rapidly; this procéss laSts not ldngar than
about one minute. The casting of the éxuuiae.is aocombaniéd by étrong motile
actiﬁity. To what extent'the isrreased consumwtion of energy is to be explaihed
through the rise in movement, and how far in addition other metabollc processes'
accompanying the process of moulting, such as the active 1nthke of water,_]'
cond1t10n_+he nelgntened ogygen requirement, cannot be clemrly Judged. The:'
rise in breathing before moﬁlting is indeed_always connected with an increase
in activity, though by means of the curve-the_intenéity_with.which_the.shrimps_
move can be egtimated. It can however be concluded from availabae recordings ;
that ths increase in metabolic performance can be atﬁribﬁted dnly_in part-taz'

a rise in activity.

The increase in meiabolism which is at%ained”ht *he moment.of'Lastinﬁ o
of f the exoskeleton, lies between the 2.2 and 3.9 of the nornal 1eve1 attalned _
before and after moultlng respectively. The smallest inerease oould be recoraed__

in an example of G, duebeni and the highest in 1ndLV1duals of G. louusta and

. zaddachi (Tab. 2). After the extviae are oast auav, the oxy»en consumptlon
neoxt falls rapidly, then, about 1-2 hours later, somewbat more slouly. In -
many cases the decrease of the respiratory curve shows a less steep slope

than the increase before moulting, so that there are given unvymﬂetrlcal forne
of the curves. In the course of 8~20 hours, at the mort 30 hours after

moulting, the original values for oxygen congumption are aga 1n_at+uined.-

The'dufation of the alteratioﬁé in meftbolism takes place in app?dkié;.'
mately the same way for the individual speéiés, although.a definite width of
variation can be established for the values determined. Thiz makes recognisable:
a more or less flear dependence on the size of the individual. - The variations
in regniratory intensityz in general level out to a normal velue faster in
smaller animsls then in large ones. Obviously this state of affairs.has &
Cauéal relationshin with the moulting freQuenoy, which under conastant environ-—
mental conditions is higher for young individuals than for adults. As the
intervals between moulting become increasingly longer in the course ofigrowth
{with the excepbion of females during the reproductory stage) these changes

in metabolism also experience a corresponding lengtheningm of %ime.
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As emerges from Tab. 2, no pronounced 1nterupe01flc dlfferences can be
identified in wview of the width of variation of the data for the maxlmum '
oxygen consumptlon during the casting—off of the exoskeleton._ The 1owest-
nmetabolic values were determined for ¢. duebeni and the highest.fdr G. locusba.
Thege Tindings correapond to the different oxygen requlrements of the 1ﬁdw&1dual
. species, which ~ asg provlously specified - bhmﬂthe smallest values for G. duen _

~beni and the highest for 0. locusta.

DISCUSSTON

The following considerations dre of value in the disdussidn'éf sﬁme.
metaboliqﬁhphysiological guestions, which result from the findings bf the
”preséﬁt work. Finally the_reSﬁlts of the reppiratory measurements - as far
as these have attained significance for a causal understanding of the environ-
mental relationshipe of the.Gémmaruq'SPGcies under investigation'w are diécussed

Trom ecological viewpoinis.

Pﬂyﬂiological agpechs

The experiménts on the dependence on size of the résPiratdry metabolism'
depenaent on the sallnlty of the exterior medium hdve shown that - apart

from Gemmarus locusta in the 300/00 ghage -~ with 1ncr6351ng bodJ weight there

cappears a relative decline in the intensity of metabollomg ‘The reduotlon in_
metabolism in the course of growth ir characterised throuoh values, which

lie between weight and surface proportlonallty, or even below these, As the
“measurements in both salt condént stages being examined have shown, the'rea_
‘gression coefficientg for each species are ildentified ﬁhrough significantly

different values.

The dependence of this coefficient on the salinity of the exterior

medium has also been established, for example, for Artemiaz salina ( GILEHRIST
1956), Hetapenmeus monoceros (RAC 1958), for Hemigrapsus species { DEHERL 1960)
and. Corophium volutator (McLUSKY 1969} . The dada - provided afford furuher.

evidence on the not inconsiderable variability of the regression coefficient
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and_its-oontrol'throu@h the aalt concentration of the exterior médium.

Nuumerous dellbefatlons h ave been made in metabol:conphy51ologlcal 1t

erature on the gignificance of the sise of the regression coefficient. Ixiﬂduﬁi -

(1956) considered the regT9531on coefficient o be a constant typical of _
the Specles, eSuabllshed by hefedlty, while. VON BERTALANHEY (135?) placed this.
in relatlon to definite systematic categories. HEMMINGSEN (1960) came %o o
the conslusion that an exponent of 0,75 is of geneyral value for p01k110thermic.
animals. Heanwhile, however, numerous data have been recorded which have
refuted and disproved thesg concelusions, ot only does the factor of éalinity
affact the sieze of this coefficient, but it is also dependent on.numeroﬁs
other varlables, eg. the state of activity (WLQBMuIWR 1960}, temperature
(KRUGER 1964, BARNES & BARNES 1969), infection through paraaltes (DUuRR 1967)
‘and the nature of the resplratory medium { NEYELL et al, 1972). ﬁnnual and
nopulatlonucondltlonal dlfferences in metabolism (FIbH PREBCE 1970) may -
also be reflected in the sime of the regression coefflclent.' Thé brigihq

for this ;nconéimncy have hltherto remained unclesw.- Without deepenlng tne
digcussion of the problem which is presented at this point, IRBEER's view (1964)
should be agreed W1th, that the considerable variability of the regression
eoefficient, which ins here proved only through a few examplea, divests the

latter of a basic size in every relationship of its character.

Diffgrent aspects of the regpirgtory metaholiém have already. been inves;;
tigated in several representafivep of the genus Gammarus (€ CHHPhRCLAUQ 1925,5
- SCHLIEPER 1931, I0X & SIMMONDS 1933, L@HAHBTBIN 1935, KINNE 1}52, ROI&NI 10)4
KROG 1% 454, SUOHALATINEN 3958, LULAC@OVIGS 1958, WAUTTER & TROTIANT L960, dOYN_._”
 AROVITCH 1961, ALT & STEELE 1962, HALCROW & BOYD 1967, ROUX & RCUX 1967, __g '
CULVER & POULSON 1971, ROUX 1072) Bj means of numerous data given in the
11ber ybure, an experiment was undertaken to compare the amounts of maygen
consumption for the individual species, iu order to contrast the related
values with the five species under investigation in this work. Here it became
clear that a comparisen with other data on the amount of metabolism in the
individual CGemmarus species is only possible conditionally. The main-reaéon

for this restrictive finding is that almost without exception only data on




3l
the respiratory sige per unit of weight are available. On the b881b 01 the
reductlon in metabolism durlnw the course of- prowth, which should Drevall
according to the experimental results obitained for Gammaridae, this form of
Giving the intensity of metabolism is.inadequate.__Thefdeterminafion of the

allometric parameters on the characterisation of the relationShips-bétween

crespiratory metabolism and bedy weight should rather be re&arded as.a nrereQJZI'

quisite for interspscific comparisons. Such an intention is moresover burdeqad'

‘with further unceriainties, which COn"lSt, inter alia, of the fact that -

different methods of investlgailon lie behind the individaal works, no uni-

'formity of the related size is realisable for the oxygen consumption, and in]' '”

addition false diagnoses on the species under examination cannot be excludwd

in some older publications.

On the above-mentioned shortcoming, the statement of inteﬁsify Qf'meta~  :

‘bolism per unit of weight without regard for dependence on gize, the,discrepﬁ .

ancies of the individual resulis should partioularlj be referred to {hb date.

of SUCHALAINEN (1958) which in addition are not based on individual measure

ments. THe recorded quite high metabolic values for G duebenl and . oceanicug

at 15 °¢ ana 10 /oo, while for G, zaddachi in contrast with these gpecies he

determined an oxygen requirement almost half as high again. Tor G. oceanlous

_SUUH&L&IHBN found a raised QOQ in 70/00 and 40/06, and'the'same for . zadaachl'

in &O/oo'. In 10/00 he established a strong decrease for §. oceanlcus,

and 2 weak one for G. zaddachi, while he recorded no subg tantz 1 ali eratlons'

in regplratory intensity for G, duebeni in the region between 20° /oo and. 10/00.

KINW®: (1952) on the other hand found a relative increass in oxygen consumption
for male specimens of G. duebeni in 50/00 and a strong rise in the regibn of -
2 /oo to fresh water, while he recorded a maximum oxygen consumptzon of 5 /oa,
with a weak decrease in 2 /oo and in fresh water for females, for which on.
“the whole higher values were obtained. In salt conmtents of over 22 /oo and
30 /oo respectively he found for females and males a negligible GGCPGdSG of
the Qogi The gexwvally specific differences which KINNE observed are obviously
attributable to the fact that the females which were measured bore eggs of

young in the marsupium 2lmost withoul exception. This state of affairs
5 :
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should have occasioned an influence on the measured values. KROG'(1954) on

the other hand found no sexually-based differences for G. livngeuns, a result

which also corresponds to my own findings.

As far ap the data on record allow an intérspacificlcomparison amongst
the provisos deddt with above, the conciusion nust bé drawn that freshwater
Gamma;ug species show a higher metabolic intensity than euryhaline forms. _
This is supported by the comparative emperiments of POX & SIMHONDS (1933) on -
G. locusta, C. maring and G._pﬁlex as well as by SUOMALAINEN;(ISSS) on

G. duebeni etc., which in each case were treated with-the same method. This

finding is emphasised by contrasting the relatively high respiratory vaiues =~

- related to the dry weight and a temperature of 1500 - for the freshwatef
forms ¢. pulex, (. fongarum ( 1200 g&;mﬁi Qg/g/h) and G. lacustrig { 1050-
1300 ow.md. 0f/e/n) (ROUK & ROUX 1967, ROUX 1972) with the data for the eury-
haline species under investigation here. In relation to the dry'weight; '
there only arcse for G. locusta values { 900 S, O?Vg/n at 30 /oo) which

lay'only a llttle below the gize of the freshwater gammaridae, whils. the gflaﬁ

data for the eurvhaline species HARIHO@ANWWMarus (Gannarua) marinus and G. chev—
reuxi (FOA & STIMECHDNS 1)33, LOWENSTR Ih 1935) seemed to correspond more to

the ozygen requirements of (. salinus and ¢. oceanlcus._'

The alteratlons in metabollsﬂ after a change in sallnlty are dlosely
llnfed with osmotic and ion-regulating prooegses, which lead bo the establish-
ment of. a new level of conceniration of exira- and intracellular body llqulds.
In the.followlng some aspects of the osmotic adapyation for Shrlmps and their

rekationship with the respiratory metabolism are discussed.

Fof all Gammarus species hitherto investigated, in which we are déaling
with sea and brackish-water dwellers as well as freshwater ones, the property
of hyperosmotic regulation is common, although depending on the relation to
different environments thers exisgt differences with regard to the DSmomreguln
atory capacity. Amongst the species treated in the present work, only the

extracellular anisosmotic regulation of G. locusta, G. duebeni and G, oceanicus

has been examined (cf. BUADLE & CRAGG 1940, KINNE 1952, WERETZ 1963) .
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The interipr osmotic Qonbentration is shown through an increasingly
hypertonic reaction at below 300/00 for G, cceanicus {WERNTZ 1963), 2450 for
G. locusta (BE.;’LDIw & CRAGG 1940) and 22 /oo for §. duebeni (KINNE 1952)

-Mlth progressive dilution of the exterior medium the osmotic concentratlon

of the blood decreases only by a small amount, whereby the osmo—reaulatory
_ efficiency rises constantly in relation %o the difference in concentration

between internsl and external media. For G dueheni and G, oceanlous it

~attains a malzmum in oligohaline stages K5 /oo) and falls rapidly in the.
lower llmlt region of salinity tolerance, in which there is firally a oompleté'
breakdown of the regulaiery_meéh&nisms. Above the brackishwwater stages'menﬂ.
tioned and in sea water a poikilo-osmotic behaviouf exists. In %hls area |
there are almosL isosmotic conditions, although there survives a wwakly hyperw

tonic reaction of the bloodstream. It is to be taken that the regulation

of the osmotic concentration of the haemolymph for ¢. salinus and . zaddachi

"follows in & similar fashion.

"~ Within the framework of the present-experiments, the question on what
rate the osmo-régulatory processes take'place cn exira- and intraceliular |
level after an abrupt change in salt bontent, takes on particular interest.
Findings on cumstaceans, varticularly -decapods, are available which afford

gome information on this quesiion of the duration of osmotic adaptation,

ro3s (1957) found that the osmolarity of the haemolymphs forPachygfansus

crassipes attains a new, constant level after an csmoitic stress in hypertonic
as well as in hypotonic media within 24 hours (at 1600).“ Studies by DEHNEL

(1962) on Hemigrapsus oregonensis and H. nudus showed that a HGW'“steady state™

of osmotic concentration in the haemolymph sets in Within 2448 hours {at 1503)
after a tronsition to different stages of salt content, The strongest varia—
tiong in osmotic walues follow within the first three hours. The ogmotic
adaptation takes place.slowest'after a change'intb hyperhaline and oligonhaline
concentration ét soes, SHECGAL & BURBANCK (1963) arrived at similar results on

the igopod Byathura polita, which like the Hemigrapsus speciles, shows a hyneru

osmotic regulation in brackish-water medis. When transferred from 8 /oo to

/00, 16 /00 or 24 /00, after 3 hours almost constant wvalues of the osmelarity
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of the haemolymph were attained (at 22 ). If there followed a change %o
higher deﬁree of salinity (up to 48 /oo), the osmotic balance was oompleted '
only after 24-43 hours.

In an experiment on kinetic agpects of the exbtracellular anigosmobig

and inﬁraoellulgr isogmotic regulation for Uarcinus maeﬁas, SIEBERS et al.
(1972) found that the oxygen consumpition decreases'following a plunge in
salinity from 11%/oo tc_380/ob and attaing a new constast value within 8wl2
hours (at 1100). The concentraition of free aminofacidé and proteins in the
gerum falls 1ikewiae within half a day to a level which then remains constant.
The osmolquty of the haemolymph as well as the concentrations of Na, K, Ca )
~and 1 gkn the other hand undergo a slow alteration in time; the rise in conf '
centration is completed only after 24 hours. Also the 1ntraoellular,regulation
ig comp&éted within one days; only lowwmolecdé neutral sugars attain a_new, '
-and indeed congiderably helghtened level of concentration only after én adan~

tation period of about 10 days.

Bxperiments on the ddaptabilily of Carcinus maenas from the Baltié'and o

the ¥orth Sea .in 150/00 and 300/00 showed that the metzabolic adaptation of
gill tigsue ig completed only after about 5 days (‘THEEDE 1964). These, as
also further results from KING (1965) show that isolated tissue can behave

differently to the complete animal after an osmobic giress.

With Crangon crangon UEBER & SPAARCARER (1970) found that the osmotic
~concentration of the haemolymph attains a new sﬁatioharj value after 15 hqurs.
.at a change from 360/00 to 150/00 (at 15 $). TInvestigation of *he isosﬁotic
intracellular regulation on the soame %ubJGGt gave a rise in nlnhydrlnupouitlve
svbstances in the musculature after a transfer from 17 /oo to 33 /oo (at 50

and 1“00), at-whioh a new and congtant level of concentration was aittained
after 24 hourg. An abrupi ch&nge of palinity in the reverse dirvection required
about the same time for the establisghment of a new qondition_of enuilibrium
(vEBEy & VAN KARRBHLTE 19?2). ihe ninhyﬁrinmposiﬁive_subs{ances of the blood
present in & swpll concentration fallsoff within a few hours after a transition
from 170/00 to 330/005 with a plunge from 330/00 to_l?o/oo on the other hand

there Follows an increase in concentration of thege substances, which only
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-a&ttain o new stationary level after 3-5 days ﬁith large individual variations.

In the case of Palzsemon serratus and Lysmata seticaudata, it was estab-

lished by measurements of the entire osmotic concentration and the olectro-

lytic concentration of the haemolymph that affer a transition from 390/00 to
i240/oo (at 49 and 2200), there follows a very rapid osmotic adsptalion, at

- which almost stable values are a2lready attained alfter aboui one-houf ( SPAARGARFEN

1972}, For Lysmata seticauda&a this process laglts only a trifle 1onger

than for Palaemon serratus. There is a relative increage of the_coﬁoenﬁration

of non-~electrolytes in the haemolymph directly after the change. While Igsmata 

seticaudata reacts with strong osmotic conformnity, Crangon crangon and

‘FalaemonJSErratus show & hyper-regulation in low salinities and a hypo-regul-
‘ation in higher salinitics. | | |
A rapid osmdﬁic-adaptaion in relation to the osmolarity of the.blood'

could also be established for the amphipod Corovhium volutator, a hyver-regul-

cabting inhablitant of bnackish waters. Thig is completed wiﬁhin.3 hours after

a transition from 3o/oo_to 100/00 (MeLUSKEY 1969).

That this vrocess should also be concluded for (Gammaridae within a few
hours, and in any case after about a day, is also to be inferred from some

data by VERETZ (1963). He found that for G. oceanicus the osmatic concentration

of the haemolymph attaing constant values within 13 hours.after'an abrupt'
“4ransition from 320/00 to 3.5%/00 (at 160~19OC), For G, fasciatus this is

already the case within l% hours after a change from fresh water to'brackish _

T o
water of 21 foo.

Humerous experiments on the oconnection between ?GSpiratory intensity
and salt content of the exterior medium have made it clear that guite diff-
erent relaﬁionéhips can be presenf. The following reactions mgy be aistinguished
in relation to the amount of oxygen monsumphion (ef. KINNE 1971} (1) increase
in subnormal and/or decrease in supranormal salinities, (2} increase an sub-
and supernormal selinities, (23) decrease in sub- and supernormal salinities,
and (4) lack of recognisable variations. 3Both the first groups comprise.in

essence euryhaline invertebrates, the third is represented by stenohaline
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forms, while the fourth group# is represented through holeuryhaiine or'mxtfeme
- euryhaline species. As the Jammarus species under .investigation are to be_i"
clagsified in the firet two groups on the basis of their metabolic reactions,

the following two groups should not be studied in further detail.

Experiments on the crusbaceans {arcinus naenas (SCHLIZPER 1929), UCa:Spﬁ.
(GROSS 1957) and Hemigrapsus oregonensis (DEHNEL 1960) vield examples for

‘reactions according to the first type. For the second dype there can be in-
cluded, amongst others: Ocypode albicans (PLEMISTER & FLEMISTER1951),
Palacmonetes varisns (LOPTS 1956}, Metapenseus monocercs (RAO 1958) and

Crangon vulgaris (HAGERMAN 1970).

According to the foregoing results,'a general'%endency't0wards.inbréaSe
in respiratory intensity as a conseguence of diminishing salt content in the
region of suboptimal degrees of concentration is outlined for euryhaline
gammaridae. In this connection reference should also he made to earlier'déta
of SCHLIEPER {1931), who established a decrease in metabolism ofi18% after
transfer from a medium of 16%/oo into sea-water of 32%/ oo for QL_lodﬁsta,
ag well as VON LOWENSTEIN (1935), who determined a diminished'quxof about

20% for G. chevrenxi in contrast to the values obtained in 320/00 and'B?/oo.

However, without knowledge of the allomeitric parameters, at;least without
data on the size of the classes under investigation, these and other data
on the alterations of the oxygen consumption have no reliédble value, as the
previousg workg on the relationships between respiratory metabolism and body

weilght depending on salt coritent, have made clear.

Ag emerges from the present experiments, the respiratory intensity of
the iﬁdividual G?mmarué species is almost generally raised angd the salinity.
adapiation requires a longer period of time; in an active salt intake as
opposed to a fall in concentration sefs in strongly after & change from a
concentrated to a dilute medium, in order to keep the inner medium hypercsmotic.
The guestion as to how the alterations in oxygen requirement arise after a
reduction or & rise in the salt content, has egbtill received no definite explan-

ation, ACHLTERER (1929), who was the first to establish a rise in metabolism

for gome euryhaline animols as a consegquence of a reduced salw concentravion
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in the exterior medium, brought this discovery into relation with the inten—

- sified osmo-regulabory performance and the agsociated rise in energy reguire-
nenta, Thls explanatlon was agaln applied to the corresnondlnn data on the
dependence of the regpiratory 1nten51ty on salinity (eg. SCHNABL 1933, FLEMISTER
.& PLEMISTER 1951). It musti next count as plauslble, in that many euryhaline
_ganimals exhibit the least oxygen reguirements with.hyposmotié regulation_in

& salt-rich exterior-medium, if they_live nnﬁer.isosmctic cﬁnditions."Such .

crelationships are for example shown for.HemiPrapsus oreso onengis and H. nudus

( DEHNYL 1960), as well as for the river orayfish Astacus astecus (PETERS 1935},

which consumes lesp oyygen iz an isosmotic medium 0f-15 /oo than in fresh water.

As theé additional energy requirement, which is neceésary for the main-
tenance of osmotic and-ion-regulating'prdcesses, nust be regarded on the basis
of thermodynamical considerations as tﬁo small {(cf. POTTS & PARRY 1964),.t0
‘be able to clarify extensively the changes observed in metsbolism, SCHLIEPER's
'interpretation has heen queried., HNoreower; the congiderable rise in metabolism
which was measured Tor different enryhaline,gﬁertebrates id_bnackishnwater
'ﬁedia, Presupposes a very.small perfdrmance for the contrihuﬁing-ion transport
systems, Oppeosed to this are numerous ex perlnental results on isolated tissues.
- Also the fact that for many species no measurable metabolic differences come
to light in different degrees of salinity, of that a diminishing of the'respirn.
atory intensity in strongly freéh média has scarcely been recorded, is the |
conclusion - at least in these casss — reached by the gignificance of a rise
~ in energy periornance through. osmotic and ion-regulaiing processes.  SCHLIEPER
(1936) further tried to explain the variations in the rate of meltabolisam with
decreasing salt éonten% by a rise in hydratation of the tissues and thbough
this én increased enzyme activity. KIHG {1965) showed for various marine
and brackish-water species, that this explanation alse can claim no general
validity. '

Phe idea that a rise in oxygen reguiremént after an osmotic'stress
should be efdecially atiributed to a Ilight reaction and increased motor
activity of the expefimental animals (GROSS 1957, HcFARLANDS PICEENS 1965),

cannot serve as a complete 91n]angt10n hecause of the argumentu previously
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mentioned. Alfthouszh the shock reaction directly after an abrupt.changé_in
selinity can lead in a short time to increased activity_ahd ﬁeighfened Spon—
taneous activity respectively, the different resulis on the variations of
the respiratory metabolism for the individual Gemmarus species speak against

thig interpretation.

Itx is also worth asking hou far the dependénce of the-oiygén concen~—
tration on salt content at the same partial oxygen pressure, and'the diffusion
ratiog for the amount of respiratory metabolism altered by this are of_signifn

1cance, although this problem should not be discussed more closely here.

From the foregoing investigations and further experimental results
which have not been mentioned, which took place on other animal organimms,
it emerges that the relationships belween respiratory intensity and salinity

have gtill found no satisfactory inbterpretation.

Tor an assessment of the osmo-regulatory energy expvenditure, it is
also necessary to take into account the efficiency of the cellular tranpost
mechanisms, bn which FLOREY {1970) has drawn attention. TFor a clarification
of the problem in guestion, there must be talken into accounﬁ"esgecially the
effectiveness and speed of the ion iransport, the permeability of the exterior—
and cell membranes for electrolytes and water, as well as the mechanism of
the intracellular isosmotic regulation. In this ooﬁnéctioa, experiments on
the ion regulation for Gammaridae throw some light on the question of metabolic 
energy in dependence.on the -salt content of the exterior medium. They have_;
.led to the realisation that marine species show 2 greater-pérmeabiliﬁy with
regard to palts and water as well as a more intensive uvine production than
brackish-water end freshwater forms (cf. SUICLIFFE 1668). In addition,

brackish-water species, such as G, dvebeni and G. zaddechi, asre capable,

in lower degrees of salt content, of produncing a umine uhich'is ghyposmotic
to bhe blood concentration (LOCKHGOD 1961, SUTCLIFFE 1967a, lﬁGS); Faowddihinny
hrenkizhswatprsspmebssyysuek through which the efficiency of the electroiite

regulation is increased.
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tcological asnects

Finally, the physiological Tindings of the present work shduld bhe
conéidered from ecological poinis of view, and ﬁlaced in rélation to the
environmental claims of the individual gpmmarus species. Here an éxperiment
_Shouid be undertaken to accauﬁt for thei: edological differentiation in metaé
‘bolie perfbrmanoe, adaptive ability and ﬁolerance,'especially:compared.With
the factor of.salt.content. Tt should in any case be mentioned in-advénce,
“that for the presebt it is not possible to give a comprehenéive-ecomphysiologh:
ical characterisation of this group of sﬁecies, since further funcﬁionai '
characteristics and regulative properties must be tested.eﬁperimentaiiy under
comparative viewpoints, in order to bé able to give an opinion on the guestion
of environmenial preference, geographical distribution, ahility fo“compeie

and other problems.

The starting-point of this discussion should be a brief look at the
- environmental ﬁequirements of the individual speciea; with_sPecial-referénce
to salinity tolerance, and to give particulars of the numerous iﬁdividual'_
vorks (inter alis SPOONER 1947, SEGERSTRELE 1947, 1959, KINNE 1954, 1959,
DEN HARTOG 1964, EOVAGHAR 1964, STOCK 1967, DEHNERT et al.'1969,_PINKSTE
et al. 1970). - | o '

Aimong the five species under'considerationy G, locuSta_is o more marine
form, living in the vegetation-rich, flat, littoral region of the fempératé |

east Atlantic -area. To the south it ccours adjacent to G oceanicus, In

regions where they both overlap, as for exemple in the Baliic, almost the

“game areas are colonised. . cceanicus is an arctic boresl form of the Atlantic

region and prefers the coastal, shallow water, but tolerates_a greater fresh-

enipg than G. locusia, . salinus lives in brackish waters of the most difi-~

erent types, in which considerable salt content fluctuations can omour, although

the species occurs also in purely marine regions. G, zaddachi is, like G. sal-
jinus, a strongly euryhaline species. It penetrates further in fresh water

than the latter and avoids waters of the evhaline region. In the upper part

of river estuaries (. salinus is in general replaced by G. zaddachi, where

this specieg even reaches freshuater zones.
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Pinally G. duebeni is a strongly eurybaline and eurythermal braékishm.
vater form, which among the Gammaridae under consideration possesses the
greatest ecological potential., It shows a wide distribution-on the north
~ Atlantic coasts, and dwells in a great many different environmeﬁts. G. duebeni
is a characteristic representative of the "rockpool"'fauﬁa; colonisas hraokish-- 
pools, canale, ponds, the margins of estuwariss and éven hypérhaline waters. |
- In the open sea, however, this form occurs. only exceptionally, In addition -
G, duebeni could also exist in freshwater biotopes, where its dccurrence is:.'
not only limited to the coastal fegion, but in Ireldn&.and Brittany is also
encountered in fresh water distant from the coast with a relaiivély low NaCl
content. SUTGLIFFE & SHAW (1968) showed by means of the varying ebility for
godium regulation, that the Irish freshwater population represenﬁé'anﬁ.indiﬂi—
_dual physiological race compared with the brackish-wabter Specieé, although
BUTCLIPPE (1971) reports doubt, as to whether thers really are geﬁotypically
linked characteristics, which Justify speaking about fwo physiclogical races,

STOCK & PINKSTER (1970), however, alzo found morphological peculiabities_an&

distinguished the breciish-water form G, duebeni duebeni from the freshwater

form . duchbeni celticng, as a subspecies.

Prom the above—ﬁentioﬁed data on the habitat preference.and"disfribuiion
it emerges that the individual species have colonised. different ecolqgical |
niches, which are gquite wellwdefined by their tolerance in relation to the
factor of salti content. Depending on the'special factors of a biotbpe, ﬁhéig
environments can indeed also dverlép. While G, locusta mostly occurs alone —

apart from occasional association with O. oceanicus and G. salinus - the

distribution of ¢. oceéanious, (. salinus and (. gaddachi can regionally over—

lap, as in the Baltic area. In zecluded, brackish wabter the coexistence of

G. salinus, C. szaddachi and G. duebeni is also possible; in estuaries atl

any rate O, duebeni avoids competiltion with these smpecies and colonises paris
of the eu- and supralittoral, while . salinus and G. zaddachi only occur in
the lower eulittoral and sublittoral (DEN HARTOG 1964). Both the last-named

species Trequently cccour sympatrially, while G. duebeni, apparently on the

sround of its poorer competitive ability, bubt also as a conseguence of its
greater tolerance with regard to abiotic envirommental factors, is forced into

FET HRAE T 5 "
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'biotopeﬂ in Uhloh the other Cammarus species are not able to ex1st (cx. LINH“f
1959). As however the interspecific competitive ablllty cannot alone be

_explained by the physioclogical efflclency of a species, thu different aspects

of this guestion comple® should not be discussed further.

If one places the different metabolic rates of the individuﬁlleﬁryhdliﬁe'
Gammaridae in relation to fhe environments which they prefer, it becomes under-
~standable_{haﬁ G. locustsa, as a species with the relatively'highést axygen |
requirement, is principally distributed in oxygen~rich, open water, while _
. duebeni,'as the form with the lowest réspiratory intensity, finds anjopporefgb
tunity to live in biotopes with extreme environmental conditions. The ' |
other three species however assume an intermediafe position, in which they

are not so clearly_demércated amongst each other, and where at any rate G.

oceanicus is conbrasted more clearly with ¢. salinus and ¢. zaddachi than

both the last-named species are with each other.

A special adaptive significance is due fo the ability of G. duebeni to
adjust 4o a sudden change in salt content without lasting alterations to its
metabolic inbtensity. This property should be seon in the light of the_occurru
-Ence of this species in regions with especially strong variations in salinity.
In connection with the physiological ability for adaptation to salt content,
(. locusta on the other hand is showm %o be at the other extreme. From the
- congiderable rise of respiratory intengity afier a chbh ze from a concentrated
to a. dilute mediuvm it will be seen that the metabolic economy of this: Spe01es
is chronically bdurdened by & salinity stress of this kind., This clrcumathnee
offers an explénation why G. iocusta does not penetrate ﬁ&axllohallne estuaries, -
but préfers homoiohaline regions. Hence this species lives predominantly '
in the euhaliﬁe regiony it cmuld.only progress to sali-ppor zones in a
xralatively stable medium, such as the Baltic, where there are véry few ndn—'

veriodical Tluctuations in galinity.

The obther three species show a similar physiological behavioanr in
relation to a change in =alf content and in this respect also assume a central

“position. On the whole the compensatory ability of (. zaddachi appears 1o

be momewhat better thon that of G. salinus, if the wetabolico-physioclogical
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differences between both these species are showm to be very small. This result

'.corresponds with other data on the similarity of functional characteristics

of both speciesn, ag 1nvest1gau10ns on the 1nbnn51ty of growth, moultlng seouence,
heart'frequenoy and duration of the development of the embryo (KINNE 1961) 28
well as radistion resistance (HOPPEWHEIT 1969) have shown. Although definite
gdifferences in ecological requirements %efy can be recorded}béﬁween G. salinué

and G, raddachi, their great struectural similarity, esneoiaily'of'the young

‘animals (of .DENNERT et al. 1$60), agrees with the opinion voiced by KINNE (1961),

that they embody two comparatlvely young species, which ev1dently have only

attained their genetic independence relatively late.

SUMMARY

L. The respiratory metabolism of the suryhaline smphipods Jammarus loousﬁa,(L.),
G. oceanicus SEGERSTR&LE, ¢, salinus SPOONER, &, zaddachi SEXTON and

- G, duebeni LILLJERBORCG was studied polarorraphlcallv in a flow~thvough
apparatus abt a tenverature of L5 U C '

2. Por all flve species the relationships between oxygen consumﬂtlon (y) and
body wedght (x) were investigated in dependence on sali content (30_/50
and 100/00), and the parameters of %he alloretric functjons y B xb_were
determined {cf. Tab. 1). ' '

3. The regression coelficient b, which characterises the depenﬁence of the
metabolism on size, shows differences which are characterlst;c of the
species, and is dependént on éalt content. "This is marked ~ with thé exbépu
tion of (. duebeni - through higher valués 2% a salinity of 30°/00, than
at 100/00, and is significantly different in all bases. The dependence
of ‘the metaboligm on size lies in the region between weight and surface
proportionality respectively, and even below this (b = 1-0.6). _

4. An intersvecific comparison of the factor a, which characterises the res- -

| piratory size calculated out of the total measured values, from the unit

of weight, gives the result thalt the metabolic intensity in the succession

from G.locusta through (. oceanicus, G. salinus, 0. zaddachi to G. duebeni .

nrogressively decreases. The average oxygen reguirement of shrimps with
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2 livin weight of 0.1 g. reaches from 17. 1 ou.mm./h (G locusta) to 7 1
o3 15N /h (c. duebcnl) in 30 /00.
‘5. The variations of the oxyFen consumption after an abrunt change in aallnnty
; and a periocd of adaptatlan to the salt content were 1nveatlguted from com—
. parative viewpoints. Dependln« on the salinity tolerance of the individual _
species there followed a transition from 10 /oo to 30 /oo, from .30 /oo to 45 /oo,"
from 30%/o0 to 10°/o0 and from 10 °/oc to 3°/00.
6. With a change from a dilute to a concentrated medium, theé process of adap-
~ tation fakes. place substantially more rapidly and is linked with smaller
é_ variations in respiratory intensity, than for transition in the reverée_
) &irection. The times of adaptation up to the attainment of a new, constant
metabolic level lie between 3 and around 30 hours. . duebeni possesées_._
a better compensatory ability than the other species, amongst which G. locusta :
-ghows the relatively smailest regulatory capacity. _
7. Tae rate of metabdlism fal&é on deprivation of food. Méasurements on

G. oceanicug have shoun that after 20-24 hours the respiratory intensity

diminished by c. 15% compared with the initial values, and also grows only
a little less within the fO]lOWLnF 5 days. ' |

8. The metabolic activity in adult shrimps amounts to about 21~3 times the
value for rest. Under basic metzbolic rate conditions there can appear a
‘pronounced rhythm of the ventilatory movements"of the plecpoda.

9. During moulting the oxygen intake increases from 2'2 to-3 ) times the

average normal consumption. ¥or G. Jlocusta were reglsteroa the hlghes*

increases in metaboliasm, and for G. duebeni the lowest.
10. DifTerent mebabolico-physiological aspects, especially the problem of the
galt content adaptation and the osmo- and ipn-reg ulatory procegses linked .
with it, are discussed. The metabolic efficiency of the individual

Gammarus species are compared and placed in relation to their environmental

reguirenents.
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Prozesse, werden diskutiert, Die Stofl wechselleistungen der einzelnen Gammarus- -8

Arten werden verglichen und zu ihren Umweltanspriichen in Beziehung gesetze, -
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1. Plan of the flow—through apparatus with the respiration pﬁamber'(ﬁ), P02

~electrode (E), magﬁetic gtirrer (R), two dohering bottles (¥} to equalise

the experimental medium with.oxygen in the air and filler funnel (T)-for'
the intake of oxygen-free water for the calibration. The arrows give the
'ﬁ;&irection_of flow for the experimental medium de¥ivered ihrcugh-the DUMNDS «
Oy meang of polished bhall sockets (KugelSchliffe) ﬁhe'individﬂaileiemenﬁa
of the glass flow-through system are connected to each other. The metal -

clamps uzed for fixing, and other support devices have not been shown.
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2. Cammarus locusta. Dependence of the oxygen consumption on-bbdy weight '_ .
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been shown for botl salinities.

Symbols of the 300foo gstage: Dblack sqguare - young animals not yet séxually . ? |

differentiéted;. black circle — females; black triangle — males.

(These symbols are in white for the 108/o0 gtage).

1 1 Y L] . RN W L T | - 1 - -
I —
201 o
{jammarus - gaceanicus .
. L i
e
Y
- ‘e h .
- F K ,.':./ F [~
“’ oh .:, .y"ob 4 L
TP RN |
o S
L s ¥ S |_
o N/ e L
L o ot 20 o |
35 PkZa 5
b T a i .
E S H
£ | AN r
W p A = . :
~ .
© - T
E n" // :
" H
* ;
L
24 i-
]
': :I
r - . L|
Lo
1 T
0 . , S * B Y ]
0,05 LR} ,2 !

Gewichl ()

3. Gammarus oceanicuz.. Dependence of the oxygen consumption on hody weizht

at 30 /oo and 10%00 and at 15°. (ef. explanations for fig. 2).
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6. Cammarns duebeni. Dependence of the oxygen consumpiion on body weight at
30°/00 and 10%00 at 15°C. {White diamond) - measurements Tor the young

animals and females infeclted with Thelohaniz hereditéria.
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T. Gemmarus locusta. (Males, 0.04~0.06 g.) Relative oxygen consumption (at

1500) after an abrupt charnge in salinity from lOO/oo.to 300/00 zs a function

of timea.

the gtandard deviation (vertical lines) were calculated for the metabolic .

data reproduced as relative valuwes, u

The average error of the average value (vertical rectangles) and

number of experimental animals,




170 [TOVOT DO T T | —_ | I T | TN SN TN NN NUN TN SN NN TUUE P N | It
0% | 30%. - Gammarus zaddachi
180 ! .
= :
£ 150 !
5 :
g 140~ ¥
a :
& 130+ ."
@ 1204 J; :
& i
k- ;
£ 101 1 N
. @ 4 A
T 004N | 1{1
90_4n5.5.5 5 5555555555 55 % & 4 8 5 & 55554.44 3_—.
0 1 é L t. L 1'0 =Tt T 155 L2 i 2|U | UL 2|5 \ LA B 30 - -
' “ Stunden . ' . J
8. Gammarus zaddachi. (Males, 0.02-0, 05 £.) Relative oxygen conﬂumntlon (at

15 C) affer an abrupt change in sallnlty from 10 /oo to 30 /oo. (Lf
explanations to Fig. 7).
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12, Gammarus salinus (males, 0.03-0.04 g.). Relative oxygen consunption (at

15°¢) after an abrupt malinity change from 30%°/co %o 458/ococ.
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13. Gammarus duebeni {males and females, 0.04-0.08 g.}). Relative oxygen con-

sumption (at 1500) after an abrupt salinity change from SQO/OO to 450/00.
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17. Cammarus zazddachi (males, 0.03-0.04 g). Relative oxygen consumption. (at
1500) after an abrupt salinity change from 30°/oo %o lOO/OOf '
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;8. Gepmarus duebeni (males and females, 0.07-0.1 g). RBlative oxygen coﬁ;

e
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sumption {at 15°¢) after an abrupt salinity chzage from 1“0/00 1o 100/000
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19, Oxygen consumption {at 15°C) of a female of Cammarus locusta (0.089 g.)

wu and-a male of fammarus duebeni (0.091 g.) after several abrupt salinity

changes from 300/00 to 100/00 and reverse.
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20. CGarmarus Oueanlcus (females, 0.06-0.08 g.}. Relative oy gen consumption 1

(at 15 C) after an abrupt salinity change from 10 /00 to 3 /00. _ . }
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21. Cammorus salinus (m_ales and females, 0.06--0.05 g.). Reiaﬁiﬁe oxygen

. o . . a0 a
consunption (at 15 C) dter an abrupt salinity chanpe from 10 /oo to 3 foo.
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22, Gammérus zaddachi (rmales, 0.8-0.11 o) Rel&tive dxygen consunption {at

15°C) after an abrupt salinity change from 10°/co to 3°/vo.
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23. Gammarus duebeni (males, 0.09-0.11 g.). Relative oxygen consumption. (at

15°C) after an abrupt salinity chadge from 100/00 30 3°/00.
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24. Ganmparus oceanicus {males, 0.07-0.09 g.).
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Variations in oxygen consumption

o . . . \ .
(30%%00, 15°¢) Guring the course of a six-day period of starvation.
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Recorded emawmples of different experimental animals with a clearly pro-

nounced ventilation rhythm in parts. & - Gammarus loousta (femaleg 300/00);

o - G. oceanicus (male, 30°/00); ¢ ~ G. salinus {female, 306/00);

d — G, duebeni (female, 10°/00); e — G. duebeni (young animal, 30%/00).

The regularity of the curve is in zome cases (byc,e) broken by short—

term phazes of activity, which cause a rizse in oxygen intake. The lines

ahove ithe respiratory curves reproduce the oxygen pressure of air-satwrate

water, in dependence on the @ctual alir pressure,
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26. Gammarus locusta (female,_300/bo). Oxygen consumption (2t 15°%) during -

the process of moulting.
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the moulting process.
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27. Gammarus duebeni (female, 10 foo). Omygen consumption (at 15°C) during
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Tablen
Parameters of the allometric relation ¥ = a.X betwesn body weight (ireah

3
s
weight) and oxygen: consunption (on.mm. Oéfb h) for Tive euryhallne Cammerus

¢). o = segment of the ordinates;

species depending on salt gontent (15

. o s A,
standard deviation of the ordinate segment aj b = regression cgoefficient;

2
il

i}

; P o i f£igi by 8
gtandard deviation of the regression coefficient b3 Pylx

r = correlation coefficient; n

B

B

i ines nuwsber
error of the regression Linej

fl

'1
gtandard l
j
|

of the pair values.

| Species' Sa{;;l)ut @ s b s Sy.ex r -
G, locusia S 30 180,33 13,37 1,074 0,035 1,327 . 095 _ S84

10 113,71 13,27 0868 0035 1,234 0954 64 S
_.30 7658 1285 089% 0032 1,295 .0956 - 75 _ o

. ___G-_oc:esms'rm . .
10 75425 1250 0,702 © ©0,024 1,28t 0,947 97— -

"G salinus 30 4896 13,03 0,699 0,032 1,269 0,930 79
100 37,57 1327 0632 0033 1206 0920 - 69
1 G. zaddachi 30 40,55 1510 04672 0,035 1,357 0,931 59
- 10 31,77 1387 0,609 0,035 1,380 0,887 80
G. duebeni 30 26,92 12,08 0,582 0,025 1,231 0,934 80
L . 10 . 29939 12,59 0,608 - 0,05% 1,308 0907 86
G. duebeni - : _ : o
T 10 30,63 63 0,607 0,054 1,316 0,888 36
(uv. + Q) e }6 ) _ .
1 G, dugbeni 10 24,35 18,62 0,570 0,062 1,257 0,896, 23
{TF'PJGbama- . . o S i

infiziercs | Juv + 99)

2. Data on tﬁc variation in respiratory intensity during mhn]tlnﬁ for different
. Gammarus species (15%).
(Headings): species, sex, fresh weight (mz), salinity ( /cc), rige of the
402 vefore moulting (hrs.), fall of the Q07 after moulting (hre.}, o(%@’

during moulting (¢) related to normel values (= 100%).

e Ansgeg des Abfalldes . Q03
Species Geschledr resch- initic Oz Qoz ans (O
gewichy Saé&{r:):qt vorder  nachder }gs fu(l). u:r% Eu’.rF)
(mg) Hiuwtung  Hiutung Norn%tlwe‘im
{Std) (Std) {__ 100 “/n)
G. locusta 71,0 3o 12 11-13 310
57,1 30 12 ~ 12 390
. 12,7 30 . 5.7 8 230
G- eceanicns 3 14,5 30 ~5 10-12, 260
G. salinys % 46,5 30 P o~ 8 270
' 27,4 30 6-7 ~ 10 240 ;
C.zaddachi & 113,2 10 ? 30 330 :
C. duchen: 67,6 30 ., 4.5 15 -270- f
49,4 10 5 14 220 '
34,8 10 10 ~ 20 310




Notice

Please note that these translations were produced to assist the scientific staff of the
FBA (Freshwater Biological Association) in their research. These translations were
done by scientific staff with relevant language skills and not by professional

translators.



