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Experimental studies on physiological and behavioural response mechanisms of
Nitocra spinipes (Crustacea: Harpacticoidea) from brackish-water rockpools
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Abstract
Volume regulation and salinity-preference tests have
been made on Nitocra spinipes Boror (Crustacea, H ico-

idea). This species i8 often dominant in Baltio b ~water
rockpools. The investigation attempta to evaluate the relative
importance of some of the different response mechanisma of
this species to salinity in relation to the unstable
environmental conditions of the rockpools. Volume-regulation
experiments have shown that N apinipes is capable of hypo-
oemotlc and probably hyperosmotio regulation in the tested

range of 1 to 20 ¥%, S In laboratory cultures, reprodne-

tlon, tohmg and moulting ocourred In ssalinities
from 0.6 to 30 % 8. Preference experiments ehowed that g

spinipes has & very weak behavioural reeponse even to very
large variations in salinity oonoentrations between the alter-
natives; a significant choice could only be found under condi-
tions which never oocar in the na biotope. It is therefore
oonoluded that, in & biotope such as the rockpool, where
salinity changee will affect the whole biotope rather than produce
microclimatic variation, regulation and adaptation must have
a higher eoologioal impartance than escape responses.

Introduction

In the vicinity of the Askd Laboratory in the
northern Baltic Sea proper, Nilocra spinipes Bomox
(Crustacea, Harpacticoidea) is very common in several
types of brackish-water rockpools, especially those
with a luxurious growth of algae and with the bottom
covered with a detrital layer. These pools have been
thoroughly studied by Gaxyzma (1971).

In brackish and estuarine habitats, salinity has
often been regarded as the main factor which controls
the distribution of the animals. Dussarp (1967)
considered Nstocra spinipes to be euryhaline, with &
salinity optimum below that of marine water; this
view corresponds with the opinion of Noopt (1956)
and others. However, their conclusions are drawn
from field distributions alone, and controlled labora-
tory experiments must be performed in order to
distinguish between behavioural and physiological
responses of the species to & single environmental
factor such as salinity

In a survey by Parry (1964), § different response
mechanisms to osmotic changes in the environment
are distinguished: (1) animals which survive only in
an isotonic and isoosmotic medium, cannot tolerate
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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 tolerance to ch&nges and
which funotion as osmometers; (4) impermeable
animals, with tissues which are not affected by ex-
ternal changes; (5) animals with an osmoregulatory
capacity which protects the tissues from changes.
This physiological approach is complemented by the
more general ecological view of KIxvm (1964) stating
(1) escape, (2) reduction of contact, (3) regulation,
(4) adaption, as the four different possibilities for
animsls to compensate for environmental changes.
This investigation attempts to evaluate the relative
importance of the different response mechanisms of
Nitocra spintpes in relation to the salinity eonditions
of the rock-pool biotope; it forms part of a research
project concerning the ecology of brackish-water
rockpools carried out at the Askd Laboratory.

Materials and methods

Moast of the present information on. osmotic regula-
tion of crustaceans relates to the larger species,
especially decapods. This is partly due to the diffi-
culties in developing adequate techniques for study-
ing the small, and especially the microscopie, forms.
Of basio interest is information on the osmotic pressure
of the body fluids in relation to the external medium.
Although kryoscopic methods for direct measurement
of the osmotic pressure of very small quantities of
fluid (10-®ml) have been described (Porrs, 1952),
indirect methods involving measurements of changes
of body volume or weight are more convenient and
give adequate results, at least for ecological purposes.
The latter measurements can also be made on living
animals under continuous observation. The volume-
regulation techniques have been widely used and
thronghly disoussed (e.g. L.aANgm and Moosrap, 1967;
Locrwoop, 1970). In the case of Nitocra spinipes,
even very small changes of body volume can be detected
due to the specific external morphology of the harp-
aoticoid body. The body can be described as an
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elongated oylinder of segments of non-elastic cuticulae,
connected with elastic membranes. If 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, whioh reflects even very small changes in
body volume,
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Fig. 1. (A) Experimental set-up of flow-through mieroaquariom
on microscope table; (B) Néocra spinipes placed in opening
cut out of plankton gauze

The length variations of the crustaceans were
measured through a mioroscope equipped with an
eyepiece micrometer at 60X, In order to ensure & con-
tinuous supply of water at the desired salinities and
to avoid lack of oxygen and acoumulation of waste
products, & special “microaquarinm” was wused,
similar to that described by GusTa®rsoN and Kin-
NANDER (1956) (Fig. 1A). The device consists of a
piece of plankton gauze, mesh size 150y, placed be-
tween a glass slide and a coverglass on the microscope
table. Single parallel threads are cut out of the gauze,
until a rectangular opening is formed. When the cover-
glass is placed in position, & microaquaria is formed
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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 plankton ganze and the
microaquaria throngh thick strips of filter paper
connected to opposite ends of the gauze. If the salinity
of the water is to be changed, both the filter-paper
strips and the supply container are replaced with a
new get; this makes it possible to obtain the new
degired salinity oconcentration inside the micro-
aquaris within 15 sec.

The salinity preference of Nitocra spinipes was
tested in a chamber especially constructed for use
with small, motile, aquatic animals. The apparatus
and working procedures has been described by Gax-
Nwa and Worrr (1966).

Five separate chambers were used simultaneously
with 10 individuals each. The animals were originally
taken from a brackish-water rockpool on the island
of Vréngskar, in the vicinity of the laboratory. Lab-
orastory ocultures were set up oontaining animals,
algae and detritus from the biotope and with varying
salinities obtained by diluting sea water (35%, S)
from the Swedish West Coast with distilled water. All
individuals used in the experiments were taken from
these laboratory cultures which were maintained at
constant salinities for 1 week prior to each experiment.
The animals were held at room temperature (20 °C)
both in the cultures and during the experiments. The
salinity was measured with the aid of a wheatstone
bridge connected with an immersion cell, as described
by Janssox (1962).

Results and discussion
Salinity tolerance

In the laboratory cultures, reproduction, hatching
and moulting ocourred at all the salinity concentrations
used, e.g. between 0.5 and 30.0%, S. Crarx (1968)
investigated the upper tolerance limit for Netocra spi-
nipes and found it to lie between 40 and 50%, S at 10°
to 15 °C. The survival time was only slightly shorter in
0.5%, than in 30%, S. GanyINg (1971) has studied the
environmental conditions in a number of brackish-
water rockpools in the northern Baltic Ses. In pools
where N. spinipes could be found, salinity normally
varied between 3 and 25%, S; he recorded & maximum
alteration of 5%, S. day* in the smallest pools.

Volume regulation

Fig. 2 shows a typical result from one of numerous
volume-length regulation experiments with Nifocra
spinipes. The length of the crustacean is expressed as
soale units of the eyepiece micrometer (ordinate) but
in the further discussion, the length variations are
referred to a8 volume variations. When the animal,
adapted to 10.6%, 8, is transferred to 5.6% 8, it
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rapidly swells due to osmotic water-inflow; it reaches
a maximum volume and then begins to regain its
original body volume. This may be accomplished by
excreting hypotonic 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
accomplished 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 that of the external medium.
Fig. 2 also shows that the animal immediately shrinks
when finally exposed to its original medium. This
indicates that the animal has a lower internal osmotic
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Fig. 2. Ntlocra epinipes. Volume alterations of individual
adapted to 10.6 % 8, exposed to 5.8 X 8, and finally t0 10.6 % 8

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, mot a perfect osmometer. According to
Porrs and PARRY (1964), this is the normal condition
of most invertebrate animals.

These volume regulation experiments could only
be conducted for a few hours because of the possible
damage to animals after longer exposure. Reactions to
sudden exposure to various salinities do not explain
if orustaceans are able to regulate the osmotio pressure
of their body fluids. Long-term respounses to salinity
alterations relevant to natural environmental 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. 8.
Individuals from 7 laboratory cultures with salinities
between 0.7 and 19.4%, S were used. The salinity-
concentration interval within which the crustaceans
neither swelled nor shrunk was determined. The
extent of this interval is quite large, partly because of
the difficulties in observing the smallest changes in
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body volume which actually oceur, and partly because
of the animals possible capacity of immediate adjust-
ment of the volume at minor changes of the salinity.
Despite this, the results clearly show that Nitocra
spinipes have a lower internal osmotic pressure than
that of the culture water to which they were adapted
in the salinity range of 8%, S to at least 209, S. Indi-
viduals adapted to salinities less than 6%, S showed
no change in volume when exposed to test medis
with salinities inside the range of 6.2 and 0.4% S.
However, this must be attributed 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 salinities; even fresh-water
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Fig. 3. Nitocra spinipes. Salinity intervals within which no

swelling (open circles) or shrinking (filled circles) was found

upon exposure to ing test salinities (ordinate) and adapta-
tion to different salinites (abscissa)

crustaceans have an internal osmotic pressure corre-
sponding to salinities higher than 7%, 8 (Porrs and
Pagry, 1964). It is, therefors, likely than N. spinipes
is capable of hyperosmotic regulation as well as of
hypoosmeotio regulation.

Salinity preference

Numerous experiments were run to discover the
preferred salinity range of Nitoora spinipes. Tosts
were performed with individuals adapted to different
salinities in order to see whether salinity preference
changed with biotope salinity. However, no clear
pioture 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. 4A, B, C, D. One of the alternatives had the same
salinity as the biotope in all 4 experiments. The
graphs show the number of animals in the correspond-
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Fig. 4. Nitocra spinipes. SBalinity-preference tests. Five chambers with 10 individnals each were used simultaneously. For
explanations see text

ing half of the alternative chamber (ordinate) plotted
against time of observation (abscissa).

One of the basic conocepts concerning preference
tests is to allow the animals to choose between adequate
alternative concentrations. The animals must be able
to move around freely within the whole chamber and
neither of the alternatives must cause inactivity. With
Nitocra spinipes, & difference in salinity of 18.5%, S
could be used without any harm to the animals, ag
shown in Fig. 4A. If a greater difference between the
alternatives was used, some of the animals became
inactive when approaching the salinity gradient.
However, in this experiment, all the animals moved
freely between the alternatives, and a clear preference
(¥*> 3.8, p< 0.05 at all observations) for the 11.5%, S
alternative was shown. In Fig. 4B, a rather clear
choice of 11.5%, 8 (y*> 2.3, p< 0.20 at all observa-
tions) was shown by the crustaceans when offered an
alternative of 2.0%, S: a salinity difference of 9.6%, S.
However, if the difference in salinity between the
alternatives is further reduced, as shown in Fig. 4C
with the alternatives of 11.5 and 7.5%, S, an initial
preference for the biotope salinity (y%> 3.9, p < 0.05
after 60 min) is progreearvely diminished. The same
tendenoy is illustrated in Fig. 4D, where the animals
are adapted to 7.5%, S, and are oﬁered the alternative
of 3.5 %, S with an initial, but later vanishing preference
for the biotope salinity (4®> 8.0, p < 0.01 at 60 min).
Apparently, a difference of 4%, S is well within the
crustaceans osmoregulatory capacity, evemn wupon
sudden exposure (a8 shown by the volume-regulation
experiments), and an escape reaction is not necessary.

These experiments show that, in order to get a
clear, lasting behavioural response of this species to
salinity gradients, very large differences in salinity
between the alternatives must be used. However,
from an ecological point of view, such experiments
are quite useless, since the animals will never meet
with such conditions in the field.

Studies on the environmental conditions in various
rockpools in the Aské area by QGawnmiva (1971)
showed that salinity stratification seldom occurs. The
vertical salinity gradients which are sometimes found
in the pools during calm weather, after heavy rain, are
very unstable, and the difference in salinity between
surface and bottom water never exceeds a few per-
mille. The salinity-preference tests presented here can
be compared with those made by Jaxnssoxw (1968) on
harpacticoids from a sandy beach at Askd. These
interstitial species had a much more characteristio
behavioural response towards salinity than Nifoera
spinipes, and they distinguished between much smaller
differences in salinity concentrations in an alternative
chamber. Scizopera baltica Lawa, for instance, showed
a gignificant choice between 2.5 and 1.2%, S, and
Nitocra fallaciosa Kum significantly chose between
various combinations of salinities with a difference of
5%, In contrast to the rock-pool biotope, a sandy
beach has not only a highly unstable microenviron-
ment, but is also characterized by strong gradients
within short distances (Jawssoxw, 1966, 1867), In such
a biotope it must be advantageous for animals to
respond to changes in the salinity gradient by migra-
tion. In the rockpools, such escape responses are of no
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use, ginoe salinity changes will affest the whole biotope
in the same magnitude. The salinity preference tests
also show that N. spinipes lacks this ability to respond
to different salinity concentrations, at least within the
ecologically important range. On the other hand,
rearing in laboratory cultures, salinity resistance and
volume-regulation experiments show this species’
ability to survive and even breed in a salinity range of
0.5%, 8 to at least 30%, S, due to its great adaptational

and osmoregulatory ability.

Summary

1.In brackish-water rockpools in the northern
Baltic Sea, Nitocra spintpes Bowok is often the
dominating species in pools of a salinity varying
between 3 and 35%, 8.

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

3. Volume-regulation experiments revealed a
strong osmoregulatory capacity in N. spinipes, but
in salinity-preference experiments, behavioural re-
sponses ocourred only after salinity variations so great
that they never ocour in the rockpools studied.

4. The results of these laboratory experiments
indicate that, in a biotope such as a rockpool, where
salinity alterations affect the whole biotope rather
than produce microclimatic variation, regulation and
adaptation are more important than escape responses.
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