
B~1og~ ~3, ~ 2 9  0972) 
o by S~rm~tr-Ver~ 1972 

Experimental studies on physiological and behavioural response mechanisms of 
Nitocra spinipes (Crustacea: Harpacticoidea) from brackish-water rockpools 
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A l ~ r a e t  

Volume regulation and salinity-pmferenee ~ have 
been made on N/~oera sp/n/7~s Bom3x (Crusteeea, Harpactieo- 
idea). This ~eeies is often dominant in Baltio bra~lri~h-water 
rook-pools. The inve~igation attempts to evaluate the r~lative 
importaneo of some of the different reeponse me~hanlmns of 
this spoeies to salinity ~angee in relation to the unstable 
environmental oonditiorm of the r(mkpools. Volume-regulaL-ion 
experiments have shown that N. ~/ni/zs is capable of hypo- 
osmotio and probably hyperomnoL-io regu3ation in the tost~ 
t~Iinit-~ rang9 of i to 20 %. S. In laborator~ oulture~ reproduo- 
tion, hatabing and moulting occurred m salinitios ranging 
from 0.5 to 30 ~ S. Prefereaee experiments showed that N. 
sp/nip~s has a very weak behavioural resl~nSe even to very 
largo variations in saliniL-y ~oneentrations between the alter- 
natives; a s~gnifloant ohoiee eeuld only be found under oondi- 
tions whieh never oocur in the natural biotope. I t  is therefore 
ooncluded that, in a biotope suoh as the roclrpool, where 
~,l init;y nhange~ will affect the whole biotopo rather f2mn produee 
microollm~tio variation, regulation and adaptation must have 
a higher ooologioal importanee than OSOal:)O rOS~D~OS. 

Introduction 

In the vicinity of the Ask5 Laboratory in the 
northern Baltic Sea proper, Nitocra spinipes B o ~ K  
( ~ ,  Harpacticoidea) is very common in several 
types of brackish-water rockpools, espe~iMly those 
with a l ~ o u s  growth of algae and with the bottom 
covered with a detrifal layer. These pools have been 
thoroughly studied by G ~ r n ~ G  (1971). 

In  brackish an4 e~uarine habitats, salinity has 
often been regarded as the main factor which controls 
the distribution of the animals. DUSSAg, (t967) 
considered Nitocra spinipes to be eurybMine, with a 
salinity optimum below that  of marine water; this 
view corresponds with the opinion of NOODT (1958) 
and others. However, their conclusions are drawn 
from field distributions alone, and controlled labora- 
tory experiments must be performed in order to 
distlnEalish between bchavioural and physiological 
responses of the species to a single environmental 
factor such as salinity. 

In  a survey by PA~ay (1964), 5 different response 
meeh~niams to osmotic changes in the environment 
are distSngni~hed: (t) animals which survive only in 
an isotonio and isoosmotie medium, cannot tolerate 

any changes, and have no capacity to compensate for 
such changes; (2) animals which have some tolerance 
to slight changes but  cannot control them; (3) ani- 
mals which have a great toleranee to changes and 
which function as osmometers; (4) impermeable 
animals, wifJ:l tiSSlleS which are not affected by  ex- 
hemal changes; (5) ~nlm~l~ wif~h an osmoregulatory 
eapaeity which protects the tissues from ohanges. 
This physiological approach is complemented by the 
more general ecological view of ~ (1964) statlng 
(i) escape, (2) reduction of contact, (3) regulation, 
(4) adaption, as the four different possibilities for 
animals to compensate for environmental changes. 

This investfgation at-tempts to evaluate the relative 
importance of the different response mechanisms of 
Nitovra spinipes in relation to the salinity conditions 
of the rock-pool biotope; it  forms part  of a research 
project coneerning the ecology of bracklah-water 
roclrpools carried out a t  the Ask6 Laboratory. 

M~erials and methods 

Most of the present information on osmotic regula- 
tion of crustaceans relates to the larger species, 
especially deeapods. This is part ly due to the diffi- 
culties in developing adequate f~hnlques  for study- 
ing the mnall~ and especially the mioroscopie, forms. 
Of basic interes~ is information on the osmotic pressure 
of the body fluids in relation to the external medium. 
Although kryoscopio methods for direct measurement 
of the osmotic pressure of very arn~n quantities of 
fluid (10 -6 ml) have been described (P(rrm, 1952), 
indirect methods involving measurements of changes 
of body volume or weight are more convenient and 
give adequate results, a t  least for ecological purtx)ses. 
The latter measurements can also be made on living 
animals under continuous observation. The volume- 
regulation techniques have been widely used and 
throughly discussed (e.g. LAWG~ and MOOSTXO, t967; 
Loo~wooD, i970). In  the case of Nitoera spinipes, 
evell very ~m~ll changes of body volume can be detected 
due to the specifio external morphology of the harp- 
aeticoid body. The body can be described as an 
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elongaf~l oylinder of segments of non-elastio cutieulae, 
connected with elas~e membranes. I f  the volume is 
changed, the distances between the segments vary 
but  not  their diameters. Thus, the total  length- 
variation is a very suitable and easily measurable 
parameter, which reflects even very small changes in 
body volume. 

A 

Fig. I. (A) Experimental set-up of flow-through mi0msquarium 
on microsoopo table; (B) N/tecta ~p/n/pes plaeed in opaning 

cut out of plankton gauze 

The length variations of the crustaceans were 
measured through a mioroseope equipped with an 
eyepiece miarometer a t  60X. In  order to ensure a con- 
tinuous supply of water a t  the desired 8slHnities and 
to avoid lack of oxygen and accumulation of waste 
products, a special "miero~luarium" was used, 
almilar tO tha t  described by GUSTAi~SON and Km-  
~A_WD~r~ (t956) (Fig. iA). The device c o n a ~  of a 
piece of plankton gauze, mesh size i50 pL, placed be- 
tween a glass slide and a covergla~ on the microscope 
table. Single parallel threads are out out of the gauze, 
until a rectangular Ol:~ning i8 formed. When the cover- 

is placed in position, a mieroaqn,~ria is formed 

with roughly the same space as the maximum volume 
of the animal to be tested and preventing it from 
bending or turning around during observation. Water  
is gently passed through the p]ankton gauze and the 
microaquaria through thick strips of filter paper 
connected to opposite ends of the gauze. I f  the salinity 
of the water is to be changed, both the filter-paper 
~rips and the supply container are replaced with a 
new set; this makes it  possible to obtain the new 
desired sMinlty concentration inside the micro- 
aquaria within i5 see. 

The salinity preference of N/tecta sp/nipes was 
tested in a chamber especially con~Lructecl for use 
with small, motile, aquatic animals. The apparatus 
and working procedures has been desaribed by O ~ -  
m:rr and W v ~  (t966). 

Five separate chambers were used simultaneously 
with 10 individuals each. The animals were ori~nMly 
taken from a bracHsb-water rockpool on the ~ a n d  
of VraugskAr, in the vicinity of the laboratory. Lab- 
oratory cultures were Set up containing animal~, 
algae and detritus from the biotope and with varying 
Sallnities obtained by diluting sea water ( 3 5 ~ S )  
from the Swedish West Coast with distilled water. All 
individ-ala used in the experimenf~ were taken from 
these laboratory cultures which were maintained at  
constant salinities for i week prior to each experiment. 
The ;mlmala were held at  room temperature (20 ~ 
both in the oultures and during the extmriments. The 
salinity was measured with the aid of a wheat~one 
bridge couneeted with an immersion cell, as described 
by JxsssoN (1962). 

Results mad diseussi~ 

Salinity tolerance 
In  the labor~tory cultxn~, reproduction, hateMng 

and moulting occurred at  all the salinity concentrations 
used, e.g. between 0.5 and 30 .0~  S. Cr,~g~ (~968) 
investigated the upper tolerance Hmit for N/4ocra 8p/- 
nipes and found it  to lie between 40 and 50 ~ S at  i0 ~ 
to 15 ~ The survival time was only slightly shorter in 
0.5y~ than in 3 0 ~  S. G ~ - n ~ a  (1971) has studied the 
environmental eonditious in a number of braoH~h- 
water rockpools in the northern Baltic Sea. In  pools 
where N. st~nipes could be found, salinity n o maUy  
varied between 3 and 2 5 ~  S; he recorded a maximum 
i t e r a t i o n  of 5 ~ S. day -1 in the smallest poolS. 

Volume regtdation 
Fig. 2 shows a typieal result from one of numerous 

volume-length regula~on experiments with -~/t,(~a 
spinipes. The length of the c r ~  is expressed as 
some units of the eyepiece micrometer (ordinate) but  
in the further dison~on,  the length vari~t,~ous are 
referred to as volume variations. When the sMmal, 
adapted to 10 .6~ S, is tranaferred to 5 . 6 ~  S, it  
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rapidly swells due to osmotio water-lnflow; i t  reaches 
a ma~mRm volume and then begins to regain its 
original body volume. This may be aecompllahed by 
excreting hypotonie urine together with an active 
uptake of ions from the external medium. On the other 
hand, the return to the original body size can be 
aecomplished solely by passive processes: by outward 
diffusion under pressure through the membranes; 
this will stop at  approximately the original body size, 
when the hydrostatic pressure of the internal medium 
is at the same level as tha t  of the external medium. 
~ g .  2 also shows tha t  the animal immediately shrlnk~ 
when finally exposed to its otiginal mediun~ This 
indieates tha t  the animal has a lower internal osmotic 

body volume whloh actually occur, and part ly beeause 
of the anlmal~ possible capacity of immediate adju8~ 
merit of the volume at  minor changes of the salinity. 
Despite this, the results clearly show that  Nitocra 
spinipes have a lower in t~nal  osmotic pressure than 
that  of the culture water to which they were adapted 
in the salinity range of 8 ~ S to at  least 20 ~ S. Indi- 
viduals adapted to sallnlties less than 6 ~  S showed 
no change in volume when exposed to test media 
with saliuities inside the range of 6.2 and 0 . 4 ~  S. 
However, this must be attr ibuted to a highly effective 
and immediate osmoregulatory capacity rather than 
to isotonicity, as it is not likely than the body fluids 
are isotonic at  such low s~linities; even fresh-water 
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Fig. 2. Nitoc~a t~inipes. Volume al~ratious of individual 
adapted to 10.6 ~ S, exposed to 5.6 ~. S, and finally to t0.6 ~. S 

pressure than at  the beginning of the experiment. 
Apparently, the membranes must be permeable both 
to water and, to a lesser extent, to ions. Passive 
diffusion under pressure is possible, and N. spinipes 
is, therefore, not a perfect osmometer. According to 
Po~rs and PArRy (i964), this is the normal cendition 
of most invertebrate animals. 

These volume regulation experiments could only 
be conducted for a few hours because of the possible 
d~mage to animals after longer exposure, l ~ t i o n s  to 
sudden exposure to various saliuities do not explain 
if orustaceans are able to regulate the osmotic pressare 
of their body fluids. Long-term responses to salinity 
alterations relevant to natural environments2 condi- 
tions must be studied. However, by using animals 
well adapted to different salinities and by observing 
only their initial change in body volume when exposed 
to other salinity concentrations, it is possible to 
determine the relative osmotic pressure of the body 
fluids in relation to that  of the external medium. 

Results from such experiments are shown in Fig. 3. 
Individuals from 7 laboratory cultures ~ s~linlties 
between 0.7 and 19.4~ S were used. The s~linity- 
concentration interval within which the crustaceans 
neither swelled nor shrunk was determined. The 
extent  of this interval is quite large, part ly because of 
the difficulties in observing the mnallest changes in 

20 

It 
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Fig. 3. Nitoora s~inipes. Salinity intervals within whioh no 
swelling (open oirolos) or shrinking (filled oiroles) wa~ found 
upon axlmsum to varying te~ salinitie6 (ordin,~te) and adapta- 

tion to different s~llni~ ( a ~ )  

erusfaeeans have an internal osmotic pressure corre~ 
spending to sMinlties higher than 7 ~  S (Pcrrrs and 
P~m~r, t964). I t  is, therefore, likely than N. spinlpes 
is capable of hyperosmotio regulation as well as of 
h ~ m o t i c  regulation. 

Salinity ~#er~mc~ 
Numerous experiments were run to discover the 

preferred salinity range of Nitocra ~p/nlpes. Tests 
were performed with individuals adapted to different 
salinities in order to see whether salinity preference 
changed with biotopo salinity. However, no dear  
pie#are could be obtained due to the weak behavioural 
response of this species to salinity gradients. To 
illustrate this, some of the results are presented in 
Fig. 4_A, B, C, D. One of the alternatives had the same 
salinity as the biotope in all 4 experiments. The 
graphs show the number of animala in the correspond- 
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Fig. 4. 2Yitocra ap/nlpe~. Sallnit~y-prefercmoo tet~. ~ chambers wigh 10 hldividuaJs oaah were used ~ulf~neoualy. fief 
Oxl)lanations see texr 

ing half of the alternative chamber (ordlnaCe) ploVted 
against t ime of observation (abscissa). 

One of r bazic concepts concerning preference 
tests is to allow the animals to choose between adequate 
alternative concentrations. The ~mimals must be able 
to move around freely within the whole chamber and 
neither of the alternatives must cause inactivity. With 
Nitocra spinipes, a difference in salinity of i8.5%0 S 
could be used without any harm to the animS~, 8,8 
shown in l~ig. 4_A. I f  a greater difference between the 
alternatives was used, some of the ~nimals became 
inaofive when approaching the salinity gradient. 
However, in this experiment, all bhe animals moved 
freely between the alternatives, and a clear preference 
(Z~> 3.9, p <  0.05 aball observatious) for the ti.5%0 S 
alternative was shown. In  ~ g .  4_B, a rather dear  
choice of 11.5%0 S (%'>2.3,  p <  0.20 at  all observa- 
tions) was shown by the crustaceans when offered an 
alternative of 2.0%0 S: a salinity difference of 9.5%0 S. 
However, ff the difference in salinity between the 
alternatives is further reduced, as shown in Yig. 4C 
with the alternatives of l i .5  and 7.5%0 S, an initial 
preference for the biotope salinity (%s> 3.9, 13 < 0.05 
after 60 rain) is progressively diminished. The same 
tendency is illusta~ted in ~ig. 4_1), where the ~nlma~ 
are adapted to 7.5%0 S, and are offered the alternative 
of 3.5 %0 S with an initial, but  later vanlahlng preference 
for the biotope salinity (%z> 8.0, p <  0.0i at  60 mln). 
Apparently, a difference of 4%0 S is well within the 

osmoregulatory capacity, even upon 
sudden exposure (as shown by the volume-regulation 
experiments), and an escape reaction is nob necessary. 

These experiments show that ,  in order to get a 
dear,  lasting behavioural response of this species to 
salinity gradients, very largo differences in salinity 
beg-wcen the alternatives must be used. However, 
from an ecological point of view, such experiments 
are quite useless, since the ~nlm~la wl]l never meet 
with such conditious in the field. 

S~-udies on the environmental eenditions in various 
rockpools in the Aak5 area by  Oxmcnr (1971) 
showed tha t  salinity stratification seldom occurs. The 
verbioal salinity gradients which &re sometimes found 
in the pools during calm weather, after heavy rain, are 
very  unstable, and the difference in salinity between 
surface and boVbom water never exceeds a few per- 
mille. The salinity-preference testa presented here can 
be compared with those made by J~acsso~ (t968) on 
harpactiooids from a sandy beach at  Ask& These 
inters~tial species had a much more characteristic 
behavioural response towards salinity th~n N/t .cra 
sT/n/~s,  and they distinguished between much smaller 
differences in salinity coneeniratious in an alfexnative 
chamber. Scizopera ba#ica LA-~G, for instance, showed 
a significant choice between 2.5 and 1.2%o S, and 
Nitocra [allaciosa K t , ~  significantly chose between 
various combinations of s~linJties with a difference of 
5%0. In  r  to the rock-pool biotope, a sandy 
beach has not  only a highly unstable mieroenviron- 
ment, but  is also characterized by strong gradients 
wif.hln shor$ ~ r  (JA_~sso~, i966, i967). In  such 
a biotope it  must  be advanfageous for tmlmals to 
respond to changes in the t~linHyy gradient by mlm-a- 
tion. In  the rookpools, such escape responses are of no 
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use, since sallnity changes will affect the whole biotope 
in the same magnitude. The salinity preference tests 
also show tha t  N. s~/nipes lacks this ability to respond 
to different salinity concentrations, a t  least within the 
ecologically important  range. On the other hand, 
rearing in laboratory eulVures, salinity resisfaace and 
volume-regulation experiments show this species' 
ability to survive and even breed in a safinity range of 
0.5%o S to a t  least 3 0 ~  S, due to its great adaptat ional  
and omnoregulatory ability. 

~||1[1|||~ 
t .  I n  bra~kS~h-w~ter ~ k - p o o h  in the northern 

Baltic Sea, Nitoora apinipea BO~OK is often the 
domlnal~ug species in pools of a salinity varying 
between 3 and 35 ~o S. 

2. This species was shown to survive and reproduce 
in laboratory cultures with salinity concentrations 
well beyond the range found in the natural  biotopo. 

3. Volume-regulation experiments revealed a 
strong osmoregulatory capacity in N. splnipes, but  
in salinity-preference ex~r imen t s ,  behavioural ro- 
spons~  occurred only after sMinlty variations so great 
tha t  they never ocour in the rockpools studied. 

4. The results of these laboratory experiments 
indicate that ,  in a biotope suoh as a roekpool, where 
salinity alterations affect the whole biotopo rather  
than  produce mioroelimatio variation, regulation and 
aclaptation are more important  than escape responses. 
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