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ABSTRACT

Two speciee of intertidal crabs, Hemigrapsus oregonensis
and H. nudus ocour in 1arge.numbera at Spanish Bank, Vancouver,
British Columbia., The area is characterized by sea water of
high temperature and low salinity in summer and low temperature
and high ealinity in winter. The erabs osmoregulate strongly
in low sslinities, keeping blood conalderadly hypertonie to the
external medium., They do not regulate strongly in salinities
higher than those normally found in the field in winter (70-80%
sea water), ,

This/étuﬂy attempts to establish the role of the excretory
organs (antennary glends) in osmoregulation. Effects on their
function of seasonal adaptation, temperature, osmotic stress and
body eize were alsgo investlgated,

Experimentsl temperatures of 5%, 15° and 25° C and media
of 6%, 12%, 25%, 75%, 1008, 125%, 150% and 175% sgea water were
uged (100% sea water:31.88%: salinity). Animals were brought
into the laboratory and equilibrated in 75% sea water for
36-48 hours at the experimental temperature. After equilibra-
tion, groups of 10-15 animals were transferred to each of the
experimental salinitles. After 3, 24 and 48 hours, 10 urine
sampleg were drawn from each group, sealed in separate cﬁpzllary
tubes and quiek—frdzen. Oamotioc oconcentration wae meaeu}ed by
the method of melting point determination. Identical seriles of

experiments wers carried out, summer and winter. Procedures



11

differed only in ﬁhat'summer aninals were damp-dried and
weighed“before sampling.

For each species and experimental temperature, a series
of urine osmotic response ourves was drawn. Data for summerf
adapted animals at 15° C and winter-adapted animals at. 59 C
. were used for most comparisons. Thesge appraximéted seasonél
mean field temperatures., Osmotic gradients between urine and
media at 48 hours formed the basgis for comparison of seagonally-
adapted responses. , |

Data were analysed for salinity and temperature effects
and seasonal differences by means of Student's "t" test, which
was used alse_to evaluate differences between urine and blood
concentrations, Difféiencas-aétributable to weight, and inter-
speciflc differences in U/B ratlios were analysed by means of
. Wilcoxon's Matohed-Palirs Signed-Banks test. | |

Concentration of urine was found té'fall in dllute, and
rise in concentrated media at}rates, directly related to oémotle
stress, which declined with time and were influenced by the
seasonal adaptation of the animals and the experimental tempera-
ture., New equilibfia were generally establighed by 48 hours,
at levels, particularly in concentrated medis (above 100% seg'
water), which were considerably higher in summer- than in winter-
adapted animals.

Hyper-osmotic regulation was achieved in summer-adapted
animals with the production of bloocd-isotonic urine, implicating

extra-renal mechanismg. In winter-adapted animals, hyper-osmotioc
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regulation was enhanced by production of bléod-hypotonic urine.
| - Summer-adapted animals appeared to resist blood change
in 100-150% sea water-by producing blood-hypertonie urine, and
although thiavresistance was malntainedflongest in 100% and |
, 125% sea water, blood soon became hypertonic. In general, 0061-
ing retarded, and warming silmulated salt absorptlon and regula-
tion. Winter-adapted énimals in high.aalinities did not effeot-
ively resist blood change, and both urine and blgbd quickly
became hypertonio. | | 4 |
Effects on urine concentration of oooling or warming

summer—adapted animals and warming winter-adapted animals were

significant only in low and intermediate salinities. ‘
. Body size had, in some caseé; signifiéant'effgots on urine
bonceﬁ;ration. Small H. ggggg;'téken from summer field ocondi- |
ﬁions, had'urinel51gn1fieantly”hjpart0nlo to that of large
aniﬁaia._ This was also true of H oregcnensi at 15° in concen-
trated media. _

. In winter-adapted animals, ﬁ. eregogensgg had total esmotic
U/B ratios significantly higher (nearer unity) than Hs _g__g for
the whole range of experimental galinities at 5© ; In sunmere
| adapted animals at 15° C, U/B ratlos approached unity in both
speoias. | _ ‘

-Seaeonél adaptation of osmorégulatory mechanisms in both
gpecies altered the balance of active processes g0 that urine
was 1ower, both in abaolute conoentration and relative to. blood

in wintar then in summer.
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INTRODUCTION

~ Osmotic regulatlon in squatic animals has been reviewed
by Krogh (1939) and Beadle (1957) and discussed in detail more
recently by Prosser and Brown (1961). Beadle (1957 Pg. 335),
commenting on the evolution of'osmotlc regulation in Crustacea,
postulated "that 1n'marine orabs there are at least two sets of
active proocesgsesg at wérk, in the zills and in the eieretory
organs, which are responsible for the lonic imbalance befween
blood and zsea water." He suggested that adjustments in the rates
of these processes could have led,vin appropriate environments,
to the evolution of both hypo- and hyper-osmotlic regulation,
The method of urine forﬁation in varioue Crustacea has been the
subject of considerable research (Picken, 1936; Maluf, 1941;
Robertson, 1957; Riegel and Kirschner, 1960; and the review of
Martin, 1957). "Osmotic behavior of nine spéeies of eastern
Pacific crabs was lnvestigétea by Jones (1941), who categorized
Hemigrapsus oregonensis and H. nudus as hyper-ocsmotic regulators,
without the capacity for hypo-osmotic regulation in high salin-
ities. The meohanisms by which crabs establish and maintain
osmotlo and ilonic gradients between their internal and external
environments have been studied (Nagel, 1934; Green, Harsch, Barr
and Prosser, 1955), In Carcinug maenag, a crab showing no hypo-

osmotic regulation, Prosser and Brown (1961 Pg. 14) postulate

- three mechanisms which play a part in hyper-osmotic regulation:

"low permeability to water and salts, 1ncfeaaed fluid output,

particularly of urine, and active salt absorption from the

\



medium."” The partieipation of the antennary glands in hyper-
osmotic regulation in Pachygrapsus erassipes, a doubly regu-
lating intertidal gpecles, 1svsuggested by Prosser, Green and
Chow (1955). Gross (1952) suggests that active absorption of
water may'be a method of hypb-osmotid regulation. The éntennary
glands have been considered to be more important in ionic than 
total osmotic regulation (Prosser, Green and Chow, 1955; Green,
Harsch, Barr and Prosser, 1959; Prosser and Brown, 1961).

Much of the evidence for this view has been drawn from the work
of Nagel (1934), Webb (1940), Robertson (1949) and Parry (1951}}).
In a semi-terrestrial orab, Coencbita perlatug, Gross and
Holland (1960) demonstrated behavioral mechanisms for regulation
of osmotic concentration of the blood.. The antennary glands in
this species were shown to contribute only to the regulation of
potasslum and not at all to total ésmotic regulation. The ratilo,
Urine/Blood oéhcentrati@n;(ﬁ/ﬁ ratio) for specific ions in a
varlety of both regulating and adjusting Crustacea, indicates
that the antennary glands can act seleotively to control certain
ionic imbalances between blood and external media (Peters, 1935;
Picken, 1936; Prosser, Green and Chow, 1955; Gross, 1959; Gross
and Holland, 1960; Prosser and Brown, 1961).

Temperature acolimation of rate functions 1n'poikilothermé
has been documented (Bullook, 1955; Prosser, 1955), and the
affects of temperature: on os&otic regulation in aquatic orgen-
isms have been investigated and reviewed (Wikgren, 1953;

Verwey, 1957). The effect of external salinity on animal activ-



ity, particularly on osmotic behavior and the flux of water
| and ions between bddy flu;ds and media, and concomltant weight
changes have Eeen studied (Jones, 1941; Robertson, 1949, 1953;
Gross, 1954, 1955, 1957a; Proéser, Green and Chow, 1955; |
' Dehnel, 1960). o |

' Broekema (1941) studied the combined effects of tempera-
ture and salinity on seasonal migrations and osmotic relation-
ships in the shrimp, Crangon crangon. In this specles, and in

Carcinides (Carcinusg) maenas (Broekhuysen, 1936), 1t was found

that both very low and very high salinities were best tolerated
at high temparatures.. Blood concentratlon in €. crangon held
in a constant salinity of 15%0 was shown to fall as the tem-
perature decreased by 10° C. 1In animals held in sea water of
25%0, a similar decrease in temperature resulted in a rise in
blobd concentration. The effect of both these changes was to
reduce the difference between internal and external concen-
trations, as the animals were isotonic in salinities of 21%o
to 23%0, depending on temperature. Similar temperature effeots |
and salinity tolerances were postulated for other Crustacea
which show‘seasonal changes in distribution, from cold high
salinity situationg in winter to warm, low sallnity situations
in summer. By extension, this may also include intertidal
species which do not migrate but are exposed in their usual
habltat to similar seasonal changes in temperature and salinity
(Verwey, 1957). |

The osmotic behavior of H. oregonensis and H. nudus, has



been studied with respect to blood responses to' a range of
experimental temperatures and salinities (Dshnel, 1962). These
two species are established in a geographic area with seasonal
tempenature‘and salinity characteristics siﬁilar to those
discussed by Broekema (1941) and Verwey (1957). The activity
of the énﬁennarf glands in osmotic regulation, as reflected in
the total osmotic concentration of urine from simllarly'exposed
animals, is herein,coﬁsidered as a further contribution to the
understanding of'the'physioldgy'of thege animale. Evidence
will be presehted that the osmoregulatory responses of these
species change significahtly with seasonalvfield temperature
and salinity, and that hypo-qsﬁotic regulation does océur to
somé degree at least in summer-adapted animals, which agrees in
part with the findings of Gross (1957a). Further, interspecific
differences in osmotilo response‘and U/B relétionships will be
presented which may be relate& to the dlfferent‘intertidal
levels characteristically occupiéd by the two species in the

study area and to their usual geographic distribution.

MATERIAL AND METHODS

‘Two specles of sghore orabs were used in these experinments,
Hemiprspsus nudus (Dana) and H. oregonensis (Dana). The anlmais
were collected at two seasons, summer and winter from the inter-
tidal zone at Spanish Bank, Vancouver, British Columbia. The
habltat and the seascnal fluctuations in fémperafure and salinity

have been described (Dehnel, 1960).



‘The animals were collected in plastic pails and covered
with damp seaweed. In the laboratory, they weré;rinsed with
stock 50% to 80% sea water and distributed into plastioc trays
measuring 12 X 9% X & inches. Usually, fdur'groupa of animals
were selected, each containing a similar weight range. Depend-
ing on size, experimental salinity and temperature, the number
per tray varled from 10 to 15 animals. Each group was intended
to provide three ssquential gets of 10 separate urine samples.

In order to bring thé animals to a common osmotio level
and to clear thelr intestines, each‘group wag totally immersed
in 4,0 liters of 75% sea water. This has been selected as a
suitable intermediate salinity for equilibration (Dehnel, 1962).
The trays were covered with perforated lids and placed in a
darkened refrigerator or constant-temperature water bath, set
at the ourrent experimental temperature. The animals were not
fed and the water was renewed once every 24 hours, both in the
initial equilibration period and during the experiments.

Most of the change in osmotic concentration of the blood'
.in both speciés occurred in the first 24 hours following the
transfer of animals to new conditions of temperature and galinity
(Dehnel, 1962). Based on this, an ample osmotic equilibration
period of 36 to 48 hours in 75% sea water was selected for these
experiments. Following the equilibration period, each group of
animals was transferred to 4.0 liters of water‘at experimental
temperature and salinity conditions. It was necessaiy to aerate
the trays at high experimental temperatures and both high and

low salinities.



The exp@rimental temperatures used in both summer and
winter series were 5°,'15° and 25° C. The experimental.
salinities were 6%, 12%, 25%, 75%, 100%, 125%, 150% and 175%
sea water, baged 6n 100% sea water: 31.88%o salinity and 17.65%0
chlorinity. These salinitles were obtalned either by diluting
stoock sea water with deohiorlnated tap water or by dissolving
in it an appropriate amount of "Sea Salt", a product of the
Leslie Salt Co. of San Francisco. Salinities were determined
by means of a conductivity bridge, and alternatiiely by
titration with AgNO,

For_the gummer seriesg of experiments, weights ranged from
0.29 grams for both species, to about 15.0 grams for H. nudus

and 10.0 grams for H. oregonensis. For most of thls series, all

animals were welghed immedlately prior to urine gampling. For
the winter series, to facilitate sampling, the smallest animals
used were about 1.0 gram and the animals were not welighed.
Only males were used and care was taken to avoid molting animals.

During the summer, when daytime collection was possible,
groups of 10 animals of Qach gpecies were get aslde for lmmed-
iate sampling. Dufing the winter, night collectlions were
carried out, and urine samples Were not taken from animals re-
moved directly from field conditions.A_In éll other respects,
the procedure followed in both seasons was the same,

In the summer experiments, the'following procedure was
used. After 3, 24 and 48 hours holding in the experimental
conditioneg, a group of animals was remoﬁed. Each wag damp-

dried with cheese~cloth and welghed to the nearest 0.0l gram



on a Hettler Model K7T electric balance. The animals were
tnen'plaoed in numbered paper cups and cqvered.

Urine sampling was accomplished by meahs of glass cap-
illary tubes, 0.40 mm. inside dlameter and 1% inches long,
drawn to a fine tip and inserted into a small rubber plpette
bulb. The tip of each tube was broken off at a diameter suit-
able to.the'size of the animal to be sampled. The crabs were
held in the fingers and gently but thoroughly niotted dry with -
Kleenex tissue. They were then menipulated under a binocular
microscope, so that the tip of a flattened and biuhted needle,
mounted on the mlcrosecope stage, could be ingerted under one of
the opercula coverilng the urinary pores. As the operculum wasg
‘ralsed, the tip of the capillary tube was inserted beneath 1t.
This usually caused the crab to expel sufficient urine for a
saﬁple to be drawn into the tube. If necessary, gentle pressure,
exerted dorso-ventrally on the body of the crab would cause
expulsion of urine. Care was taken to avoid tissue damage and
contamination of the samples by water from the gill chambers
or gut fluid, which was occaﬂionally expelled through the mouth.
If a sample were lost, a second one could generally be obtained
from the other side of the anlimal. Usually, an excess of urine
wag drawn into the tubes and the samples reduced to approximately
3.0 mm3 or a length of about 5.0 mm in the straight bore, by
pressure on the bulb. Th@ very fine tip was then broken off to
reduce the surface tension holding the sample in the end of the

tube, and the sample pbsitioned centrally by withdrawing the



~tube from the bulb whlle‘maintaining a slight pressure with

the fingers. The entire tapered end of each tube was then
brdken off squérely~w1th foroeps.'.The-tubes were sealed
immediately with “Seal-Easé"; placed in numerical order on
labelled microscope slides and the samples quick-frozen on dry -
ice. Samples were then transferred to a brine tray held at

45° C,.and kept in a frozen state until needed, The animals
were”returned to the.experimental conditionsg after the 3-hour
and 24-hour samplings, and discarded after 48 hours.

The saﬁeISunence of experiments was followed in both
the summer and winter series: one speeies; H. nudug, was sub-
jected to the 8 experimental salinities at 5° C, followed by
H. oregonensig. The refrigerator or water bath was ralsed
first to'i5° c, then to 25° C, end the same sequence repeated
each time. ' | :

Some experiments were repeated entirely or in part, both
as a check on the technique‘and.g verification of results.

‘ Measuremeﬁt of the ﬁotal osmotic concentration of urine
samples was accomplighed by the method of melting point deter-.
mination descriﬁéé by Jones (1941) and modified by Gross (1954).

The data were analysed for salinity effects, temperaﬁure‘
effects_andAseasonal differeﬁees by means of Student's "t" test.
The same test was applled to the differences between mean osmotie
concentrations of blood (Dehnel, 1962) and urine from similarly
treated animals. Differences in uriﬁe osmotic conocentration

due to weight, and interspecific differences in U/B ratios were



evaluated by means of Wilcoxon's Matohed-Pairg Signed-Renks
test, Unless otherwise stated, statistical significance is
attributed to P values < 0.01.

Throughout this presentation, certain other terms are
uged with a specific connotation. Following Dehnel (1960,

Pg. 223) acclimation refers to "intra- and inter-gpecific

compensatory changes whether these ohanges he phenotypic or
genotypic." Unless otherwise specifiled, experimental conditions
refers to any of the 24 possible temperature-salinity combin-
ations to which the animals were subjected in order to determine
urine osmotlc response. Osmotle regulation ig considered to

be the maintenance of some degree of imbalance between the total
osmotic concentrations of the blood and the external medium,
regardless of the concentrations of the constituent ions and
non=-elactrolytes. Ionic regulation 1is considered to be the.
maintenance of an imbalance between blood and medium levels of
‘particular ions. Volume regulation as such has not been dls-

- cussed, but 1s recognized as a corollary of osmotic regulation
in some soft bodied 1nvertebrates (Scheer, 1948). 1In others,

1t 1s suggested that osmotic and volume regulation may be
geparate funotions (Prosser and Brown, 1961). The term osmotic

concentration refere to the total osmotic concentration of

blood, urine or the medium. The equilibration or holding period
is the time during whioch animals were held in 75% sea water at
experimental temperatures in order to clear thelr intestines

and bring their body fluids to a common osmotic level. The



term gradient refers to a dlfférence in total osmotic or |
particular ionic cnncentration between body fluids or a boﬂy
fluid and an external medium, whioh are separated by a differ-
entially permeable membrans., It may be experimentally 1mpesed
and transitory, or established and maintained by the osmoregul-

atory activity of the organism concerned.
RESULTS

'EFFECTS OF SALINITY:

The osmotlc responses of H. oregonéggig and H, nudusg to
a range of experimental salinitles, expressed aé arine concenw
traticn (% sea water), are shown in Plgures 1 to 4. Data for
summer gxpariments, carried out at 15° C, and winter eXpe:iments,
at 5° C, are presented. These températures are appreximations
of the seasonal field meané (Dennel, 1960). In each figure;.
urine concentration at time zero le the mean of all thfee;hcur
~values used in the figure. This is the point of divergence
(steady state value) for pérpéeée of discussion. It will'bé
noted that the'B,v24 and 48-hour values for animals in 75%
sea water vere obtalned after 36 to 48 hours equilibration 1n
that médium. Fluctuations m the 75% sea water curves are preée
suméd to répresent normal changes 1nvsteady state urine. Res-
ponses common to the four sets of curves are the rise in urine
concentration with time ih high salinities, and the fall in low
salinit;es,,at rates directly related to the gradlents between

media and the steédy state urine concentrations. The seneitivity
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Figure 1. Urine concentration changee in summer-

adapted Hemigrapsus oregonensis exposed

to & range of experimental salinities

at 15° C.
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of both specles to external sea water coneentratibns is dem~
onstrated by the separation of responsge ourves at 24 and L8
hours, Regulation of urine osmotic concentrations is demon-
strated by the leveling of response éurves'for thé media within

the physiologlcal limits of the mechanism.

'Hem;gragsus oregonensig:
Summer animals (Fig. 1), did not survive 48 hours in
175% gea water., Regulation in lower salinities was demonetraﬁea
by the leveling‘¢f the curves after 24 hours. Only in 125¢ sea
water d1d the urine conoentratien curve show an increased slopevu
after 2l hours. This might have been due to experimental var»a
iation in the 24 and 48-hour determinations, as, even in 150%
gea water, the leveling wag distinct,
 Winter animals (Fig. 2) survived 48 hours in 175% sea
water, probably reflecting adaptation to high salinity field
eondltinns; Regulation of urine oconcentration was again marked,'
particularly in high salinities. The curves for 125%, 1504 and
175% sea water flattened after 24 hours. In hypotonic media,
the curves, éfter.falling markedly between 3 and 24 hours,
flattened and demonstrated hyper-osmotic regulation. |
The sbsolute difference between 48-hour urine concentra=-
‘tions in éf and 150% sea water was 125% in summer and 88% in win-
ter animals, The major portion of this difference was contributed
by animals from high salinities, whose summer urine concentrations
were signlficantly‘higher than corregponding winter ones.

It 1s shown that in summer, H. oregonensis maintained -
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Figure 2. Urine concentration changes in winter-
adapted H. oregonensis exposed to a

range of experimental salinities at 5° C.
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.urine concentrations hypertonic to high salipity media. This
wag very likely due to the continued absorption of salts by
g111 and gut tissues and a conoomitant loss of water to the
external medila through the 1ntegumenﬁ. In winter, 1in high sal-
inities, 48-hour urine tended to be hypotonle to blood and media.
In bophvséasons, hyper-osmotic regulation océdrred in low salin-
1ties, even in 6% sea water, théh is probably near the lower
lethal 1imit for the species. | |
Reference to Table 1 gilves the significance of observed
departures of urine concentration from 1sqtonieity with the
media. It should be noted that in summer snimals, all bS-hour
urine concentrations for the three experimental temperatures,
and salinities from 25% to 150% sea water were significantly
different from those of the media. 'In winter animals, the 48
hour urine concantrationé at 5° C in 100% and 125% sea water,
at 15° C in 75% and 150% sea water, and at 25° C in 75% sea water
d1d not differ significantly from the media.

Hemigrapsus nudus:

Summer animals (Fig. 3) survived 48 hoﬁrs in 150% but not
175% sea water, as did H. oregonensis. The curves for all ex-
perimental salinities were again well separated, indicating
sengitivity to external osmotic conoentratiohs. The leveling
of the curves and the existence of substantlal gradients between
urine and the media demonstrate hyper-osmotlc regulation in
dllute media, active absorption and reabsorption in cenéentrated

medlae and the approach of urine to new equilibria., Some evidence
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Figure 3. Urine concentration changes in summer-
adapted H. nudusg exposed to a range of

experimental salinities at 15° C.
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Table 1l: Comparison of 48-hour urine concentration with con-
centratlon of experimental media, summer and winter,
at 59, 15° and 259 C.

Insufficient data.

v Summer .

|specles T(9C)! 25% _75% 100% 1258 | 150%
|vuaus | 5 |P<o,001 | P<0,001 | P<co.001 | P 0,010 } N,S.
|oreg, | 5 |P<0,001 { P<0,00% | P<0,001 { P 0,001 } I(ﬁ¢._'“"

Nuaus | 15 1P<0,001 { P<0.001 } P<0,001 | P 0,005 | I.D. |

Oreg. | 15 1P<0,001 | P<0,001 | P<0,00L } P 0,001 { I.D,
iNudus | 25 |P<0,001 { P<0.001 | P<0,001 | P 0,001 | P<0,001!
Joreg. 125 {P<0,001 ; P<0,001 ; P<0.005 | P 0,001 ! P<0,001]

, Winter SR |

" INudus P<0,001 ; P<0,001| N,S, P 0,001 | P<0,005
Joreg, P<0,001 | P<0,001| N,S, N.S, P<0,010
JNudus | 15 {P<0,001 | P<0,001| P<0,001| P 0,010 | N,S,

oreg, | 15 }P<0,001 | N,S, | P<0,001| P 0,001 | N,§,

Nudus | 25 }P<0,001 | P<0,001} P<0,010 | P 0,001} P<0,001

Oreg, | 25 |P<0,001] N,S, | P<0,001 P 0,001 P<0,001

I.D. =
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of efforts toward nyper=osmotic regulation is derived later,
from U/B relatlonships. |

. In winter animals (Fig. L), the separation of ourves,
especially in 75% and 100% sea water was not as clear as in the
gsummer experiments. The animals survived 48 hours in 150% but
not 175% sea water. The lower survival 1imit rose above the 6%
summer level, and'the L8<hour urine ooncehtratiop in 12% séa
water was significantly lower than the comparable summer value.
Flattening sf’the 12% curve was less pronounced than in summer.

In 100%, 125% and 150% sea water in summer, 48=hour urine
waé hypertonié to the medla. As in H. oregonengis, this might
be due to conﬁinuedusalt absorption and water loss. In winter,
at high salinities, blood concentrations were all hypertonic
but urine conoentrations became hypotonic to the media.

Due to high winter‘mortality in 6% sea water, the absolute
difference between 48-hour urine concentrations in}lé% and 150%
sea water was considered. This was 92% in summer and 86% in
winter. As in the case of H. gregonensis most of the difference
was due to higher summer urine concentrations in media abové

100% sea water.

Interspecifioc Comparison:

Ih summer , H. nudug showed a greater leveling than
H. oregonengis of urine concentration curves in high sa11nit1es.
This suggests that H. nudus potentially is the better regulétor
in highisalinifies.' In low salinities, the abilities of both
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Figure 4, Urine concentration changes in winter-
adapted H. nudus exposed to a range of

experimehtal salinities at 5° C.
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specles to hyper-osmoregulate were similar.

In winter, H. oregonengis exceeded H., nudug in ability
to regulate in salinities lower than 75% sea water.

Reference to Table 2 shows that in winter, at 5° C, the
48~hour urine concentrations of the two species differed sig-
nificantly in megia below 75% sea water, with those for
H. oregonensis being higher; In summer, at 152 C, they differed
significantly only in 100% sea water, with H., nudus having the
Higher value,

SEASONAL EFFECTS OF SALINITY:

The abilities of the two specles to establish and maintain
osmotle éradients between thelr urine and the external medila
were observed to change from summer to winter. In order to
evaluate seasonal effects, a set of gradient ocurves was derived
from the data of Figures 1 to 4 and presented in Figﬁre 5. The
points on which the curves are drawn'were obtained‘bY'subtract*
ing the osmotic concentration of the experimental medium ffoﬁ
each 48-hour urine osmotic concentration. Experimental tempera-
turee,for summer and winter animals were 15° C and 5°”C respect-
ively. The significance of the observed differences between
summer and winter urine is gi#en in Table 3.

Winter urine of both specles (Fig. 5) tended to be slightly
hypertonic to cumparable‘summer urine in salinities up to 75%
gea water, but was significantly hypotonie in more concentrated

| . ) .
media. Reference to Figure 5 shows a marked divergence of
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Figure 5. GOsmotlc gradlents between urine and media
for summer- and winter adapted crabs
exposed for 48 hours to a range of experi-

mental salinitles.
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Table 2: Comparison of 48-hour urine condentrations of

oregonensis with those of H. nudus

and 255 01

nd 259 C,

in Table 4).

Abgolute values given

Concentration of Media (% S.W,

W

; T(?C)

15
15

25
25

6%

N.S.

IN.S.

128
NISI
P<0.,001

N.S5.
N.S,.

P<0,001

- 25%
N.S.
P<0.001

NeSe
P<0,001

N.S.

N.S.

75%
N.S.
N.S.

N.S.
P<0.001

N,.S.
P<0,001

100%
N,S.
N.s.

P«<0,005
N.S.

P<0,001
P<0,001

125%
N.S.

N.S.

N.S.
N.S,

N.S.
N.S.

150%

N.S.

N'So b

N.S.

P<o.o§ﬁ_

175%

IN.S.
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summer and winter gradient curvaé for both speocies in media
above 75%.863 water, Summer animals exhibited positive urine-
to-medium osmotic gradlients in exoéas of bﬁ% sea water in low
salinity medis and of 12% to 21% in high salinity media. Winter
gradients in low salinities remained in the same range g summer
ones, but in the higher salinitles, gradients from +1.0% to

~-18% sea water were shown.

Hemigrapsug oregonengig:

Significant seascnal differences in h8~houf urine o;motic
concentrations were found in media of 25%, 75%, 100% and 125%
sea water, but not in 12% sea water (Table 3 and Fig. 5). In
media of 12%, 25% and 75% sea water, winter urine was hypertonie
to summer urine. Above 75%, winter urine became hypotonlc to |
summer urine, and above 100% sea water, to the media as well.
Urine from winter crabs 1nj100% and 125% sea water was nearly
igotonic with the media, but from ctrabs in 150% sea water, 1%
was significantly hypotonic to the médium. Urine from summer
crabs was significantly hypertonic to ﬁhe media in all experi-
mental salinities (Tablé 1). In 100% and 125% sea water, summer
urine cohOantrations showed the greatest departure from compar-

able winter values (Table 4).

Hemigrapsus nudus:

The results for H. nudus in general paralleled those for
H. oregonensisg, with the difference that in 12% sea water, summey



- 1582 =

Table 3: Comparison of 48-hour urine concentrations of
summer-adapted animals (S) at 15° C with those
of winter-adapted animals (W) at 5° C.

Urine Concentration (% S.wl),

1258

Exp, Sal. 126 258 . 758 _100%
S W 8 W S W._ 8 W S W
71 59 76 78 92 95 121 97 138 117
Nudus
| P<0.010 NS, N.S. P<0,001  Pg0.001
67 74 . 74 87 88 96 112 101 139 120
Oreg. |
P<0,010 P<0.001

H.S. P<0,010

P<0,010
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urine waé gignificantly hypertonic to winter urine (Table 3

and Fig. 5). In 25% and 75% sea water, urine of summer and
winter animals was similar. In media above ?5% gea water,
summer urine remained significantly hypertonic ﬁo both winter
urine and the media, while winter urine, which was not signif-
icantly differenf from the medium in 100% sea water, was sig-
nificantly hypotonic in 125% and 150% sea water (Tableél and 3).

Interspecific Comparison:

| In summer, both specles exhibited similar osmotic U<M
gradients in media of 6% to 75% sea water, Urine from H. nudug
was slightly hypertonic to that of H. oregonensis in these
experimental saiinities. In 100% sea water, H. nudus urine wasg
signifioéntly hypertoniec to that of H. oregonensis but approached
the same concentration in 125% sea water (Table 2). Winter
urine osmotic cdncentrations for the two species'differed sig-
nificantly only in 12% and 25% sea water (Table 2). Poor sur-
vival of H. nudus in 6% mea water preeluded.oamparison in this
medium., In all medla except 150% sea water, in which the urines
 had similar concentrations, H. oregonensig tended to have the
higher values.

Both speciés were found to be oépable of significant
h&per~osmotio regulation in low salinities at both seasons. The
hypertonicity of 48-hour summer urines to high salinity media,
though of undoubted occurrence, appears to be largely an absorp-
tion phenomenon, as the animals do not normally encounter summer

salinities muoh above 35% sea water (Dehnel, 1960). A4 slight
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Table 4: Comparison of 48-hour urine concentrations of
: summer-adapted (S8

& and winter-adapted (W) animals

at 50, 150 and 25° C.
Urine Concentration (% S.W.)
_Exp,Sal.l2% 25% 75% 1008 | 125% 150%
sl°)s w | s W S W | s u s W S W
N| 5|6 59|70 78| 91 95| 123 97| 138 117|155 146
| w.s, N.S. N.S. | P<0.010 | P<0.010 . N.S.
0| 5|58 74|78 87| 95 96| 121 'l01| 138 120| - -
P<0.010 | P<0.010 N.S. | P<0.010 | P<0.010 -
N {15 |71 45|76 84| 92 94| 121 91| 138 111| - -
P<0.010 | N.S. | N.S. | P<0.010 | P<0.010 -
0|15 |67 54|74 73| 88 9¥| 112 91| 139 12| - -
‘N.So N.,s. . P<0.010 P<00010 P<0.010 -
N |25 |60 48 |76 74| 89 B8M| 123 97| 138 112| - -
P<0.010 | N.S. |  N.S..| P<0.010 | P<0.010 -
o025 |71 57|76 76| 93 78| 109 88| 135 112|174 138
P<0.010 | N.S. | P<0.010| P<0.010 | P<0.010 | P<0.010
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capacity to regulate in high salinities for short periods 1is,
however, indicated and will be disoussed. Production of
hypotonic urine is carried on by winter animals of both specles

in high ealinities.

SEASONAL EFFECTS OF TEMPERATURE:

Table 4 gives 4B8-hour urine concentrations at 5°, 15°, and
25° C for summer and winter animals held in experimental salin-
ities of 12% to 150% mea water. The eignificanoe'of observed

differenoes,betwéen the mean values 1s included.

Hemlgrapsusg oregonensis: _ |
At 5° C,’ih salinities below 75% sea water, winter animals
showed'signifieantly higher urine concentrations than summer
animals., In.?ﬁ% sea water; urine ooncentrations were alike,
‘while 1nvh1gher‘ealinities, summer values sigpifilcantly exceeded
winter valués, At 15° C, In low salinitles, no significant dif-
ference was’shﬂwn_betwéen summer_and winter urines., In 75% sea
wéter and higheﬁ concentrations, all summer values were signif-
fecantly higher than their winter counterparts. At 25° C, summer
values gignifiecantly exceedéd‘winter values in all salinities
but 25% sea water, in which they wer@ the game. A rige in ex-"
périmental temperéture from 5% to 15° C was accompanied by a
lowering from 75% to 25% sea water of the external concentration

1n‘which the ssasonal means approached equality.
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Hemigrapsus nudus:

At 5° C, in salinities of 75% sea water and less, no sig-
nificant differences weré observed between summer and winter
urine concentrations. In 100% and 125% sea water, summer values
significantly exceeded winter values. In 150% sea water, a
similar but not statistically significant difference was observed,
This iack of significance could be linked to a relatively high
variance in the summer data for this salinity (S=9.46), and to
‘a reduced sample size caused by mortalities (N=6.0). At 15° and
25° ¢, summer and winter urine concentrations were not signif-
ieantly different in 25% and 75% sea water, but in both lower
and higher salinities, summer Values”éignificantly exceeded

winter values.

Interspecific Comparison:

Out of fifteen comparisbns of seasonal mean urine concen-
tratlons carried out for each species, H. nudug showed no sig-
nificant difference in seven cases, and H. oregonensis, in four
cases., No statistical Amportance can'be attributed to this
ratio howevér,‘as the probability'of its ocourrence is above 50%.
At best, there is a suggestion that H. oregonensis tends to show
seagonal differences in urine osmotic concentration over a wider
range of conditions than H. nudug. The principal differences in
reSpoﬁse between the two species océur in media of 12% to 75%

gea water,
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TENPERATURE EFFECTS AT GIVEN SALINITIES:

- Data were selected from Table 4 to show the effect of
increasing temperature on 48-hour urine concentration for
animals in given media. Low (12%), intermediate (75%) and
"~ high (125% sea water) salinities were chosen,'and for each of
these, the value at 5° C was compared with those at 15° C end
25° C, and the value at 15° C with that at 25° C. Significant
reauits are ghown in Figure 6 and Table 5. |

It should be noted that the effects of temperature on
osmotic‘concentrétiqn bfmhrihe, wﬁere they existed, were signif-
jcant in low and intermediate salinities, but not in high sal-
inities.

Hemigrapsus oregonensis:

In 12% and 75% sea water, winter animals showed a signif-
icant decline in urine concentration when experimental tempera-
ture was raised from 5° to 15° C (Fig. 6). No further signif-
jcant changes cccurred with the rise from 15° to 25° C. Summer
animals 1n112% pea water showed'a significantly higher urine
concentration at 25° C than at 5° C. Urine concentration at
15° C aid not differ significantly from the values at 5° or 25° C.
In 125% sea water .nelther summer nor winter urine concentrations

changed significantly with changes in experimental temperature.

Hemigrapsus nudus:

In 12% sea water, winter animals of this speciles also

showed a significant decline in urine concentratlon with an
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Figure 6. Effect of temperature on 48~hour urine
concentration in crabs expoged to selected

sglinities.
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increase in experimental temperature from 50 to 15° C. In

75% gea water, a similar decliné.cceurred with_the 1n§rease of
| experimental temperature from 15° to 25° C. Summer animals
showed no significant change with 1ncréaeed‘exper1méntal tem=
perature in any of the three media (Table 4#). As in H. oregon-
ggg;g,‘ehanges In experimental temperature had no significant

effect on the urine concentration of animals in 125% sea water.

Interspeeific Comparigon:

In-wintar animals of both species in 12% sea water, and
in H. oregonensis in 75% aea_watér as well, urine concentrations
'were significantly highef at 5° than 15° ¢ (Fig. 6). Winter
H. ggggg showed no significant change between 5° and 15° C but
urine eoncehtrations at these temperatures were significantly
higher than at 25° C. In the latter species, summer animels
showed no signifioant changes in urine oohoentration with in-
oreased temperature, while in H. oregonensis in 12% sea water,

a gignificant upward trend was observed wlth an increase in

experimental temperature from 5° to 25° C.

EFFECTS OF TEMPERATURE ON RATES OF URINE AND BLOOD CONCENTRATION

Because salinity determinations on body flulds were made
only at 3, 24 and 48 hours, rates of concentration change cannot
precisely be gauged from the response ourvesg, However, an

indication of temperature effects can be obtained by considering
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Table 5: Comparison of 48-hour urine concentrations at
' 59, 159 and 25° G, in selected media.

Exp.

Temp.| = - ol o o |
(30§, 52  vs 15°115°  vs 28 5°  vg 25°

v Mea 1a f » v i ' . ¥ ¢ v b ' ' ¢
Cono.

(FS.W.) 128  75% 125% |\ 12% 756 125R 12% 756  125%
N-W |P<0.001 N.S. N.S. N.S, P<0.001 N.S.|P<0,001 P<0.001 N.S.
0-S |P<0.001 P<0.001 N.S, N.S. N.S. N.S.|B<0.001 P<0.001 N.S.
O-W N.S. KN.S. N.S. N.5. P<0.005 N,S.| F<0.001 N,S.  N,S.
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the intervals in which rising blood and urine concentrations
passed isotonicity. Both blood (Dehnel,ll962) and urine in
summer-adapted.Hemlgragsus were hypertonic to all experimental
media at 5°, 15° and 250 ¢ at 48 hours. In winter-adapted
animals, blood of both species was hypertonlic to all salinities.

Urine of H. oregonengis was isotonic to 100% sea water and hyper-

tonic to higher salinities. Urine ofbg.‘ggggg_Was hypotonic to
1004 sea water and higher salinities (Figs. 1 to 5 and data not
presented). Blood and urine concentrations rose from equll-
ibrated values at time zéro and pasgsed isotenicity ét times
directly :elaﬁed to the season, to concentratloﬁs of the media
and experimental temperatures. _

At 5° C, the blood of winter-adapted animals reached iso-
tonié;ty with 100% sea water in the interval between 0 and 3
hours, with 125% and 150% sea watef, between 3 and 24 hours, and
with 175% sea water, between 24 and 48 hours. At 15° and 25° C
the only change was in 175% seé water, where isotonicity was
reached earlier, between 3 and 24 hours. At 5° C, urine was
isotonic to 106% sea wateﬁ by 3 houré, and did not become hyper-
tonic ﬁq any higher salinity at 5%, 15° or 25° C.

In s&mmér~adapted animals, at 159 C in 100% sea water,
isotpnicity‘was reached in blgpd at 3 hours, énd in urine between
0 and 3 hours. Very slight hypotonicity of blooq to urine and
medium at 3 hours suggabted alﬁeak effort to regulate blood con-
centration 1n‘this galinity, which disgppeared by 24 hours., In

125% sea water, blood reached isotonicity between 3 and 24 hours,
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and urine, in the next interval, Again, slight hypotonicity

of blood to urine and medium suggested weak regulation., In

150% and 175% sea water, both urine and blood passed 1sotonicity
bétween 3 and -24 hours.' In animals cooled to 5° C, blood. and
urine in 1007, 125% and 150% gea water reached the concentration
of the media between: 3 and 24 hours. In 1005 sea water, 3=hour
blood wés hypotonic to urine and medium, in 125% sea water, to.
the medium only, and in 150% éea water, to both again. Blood
concentration appeared to be regulated sucoessfully in 100%

sea water for over 3 hours, and with partial success (with pro-
duction of blood-hypertonic urine) for 48 hours. In 125% sea
water, regulatioﬁ appeared to be somewhat successful up to 24
hours,'at which time blood was still‘slightly hypotonic to
urine, but not to the medium. Regulation was shown in 150% sea
water for over 3 hours but it was not évident at'24 hours. When
warmed to 25° C,‘these animals showed blood isotonicity in 100%
sea wafer between 0 and 3 hours (earlier than at 15° C) and in
125%'99a:watér, between 3 and 24 hours,las at 15° C. Urine be-
canme 1sotonio in 100% sea water between 3 and 24 hourg, later
than blood, and at 3 hours it was hypotonic to blood. At 24

and 48 hours, blood was hypotonic to urine, but not to the med-
ium. This is some evidence of én'effort towards hypo-osmotic
regulation. In 125%, 150%.and 1%5% sea water, urine passed iso-
tonicity between 3 and 24 hours with no insfance of blood-hyper-

tonic urine being formed.
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Hemigrapsus nudus:

Winter-adapted animals showed rates of blood concentration
change like those of H. oregonensis at all temperatures and
salinities except at 25° C in 175% sea water where the animals
died sometime after 3 hours, and at which point blood was not
yet isotonic. Urine did not become hypertonic at any temperature
in media of 100% sea water or higher,

In summer-adapted emimals, at 152 €, both blood and urine
became isotonic with 100% sea water between 0 and 3 hours, and
with 1257 and 150% sea water, between 3 and 24 hours, In 100%
gea water, 3-hour urine was hypertonic to blood (U/B=1.06)
suggesting a slight effort toward hypo-osmotic regulation of
blood concentration. In animals cooled to 5° C, blood isoton-
leity with 100%, 125% and 150% sea water was reached between 3
and 24 hours, Urine isotonicity was reached earlier in 100%
gea water, and at 3 hours, a U/B ratio of 1.06 obtained, sug-
gesting, as at 15° C, slight regulation in this medium. In 125%
and 150% sea water, 3-hour U/B ratios were < 1.0. In 175% sea
water, urine reached isotonloity between 3 and 24 hours. In
sunmmer-adapted animals warmed to 25° C blood passed isotonicity
in 100% sea water between 0 and 3 hours, in 125% sea water, be-
tween 24 and 48 hours, and in 1507 sea water between 3 and 24 hours.
Urine became igotonic between 0 and 3 hours in 100€ and between
3 and 24 hours in 125% and 150% sea water. Urine was hypertonic
to blood in 100% sea water at 3, 24, and 48 hours, and in 125%



- 24 -

gea water at 3 and 24 hours, suggesting a considerable effort
to regulate blood'cancentrationvin,ﬁhese salinities; In 150%
sea water, however, the 3-hour urine was hypotonic to blood,
with no evldehoe of regulation of blood concentration by the

antennary glands.

EFFECTS OF SIZE ON OSMOTIC RESPONSES :

- In order to determine whether small and large animals
differed s;gnifieantly in urine doneentration under identical
conditions, the mean urine concentrations of the smallest and
1argest summer animals were compared (Table 6). }Thisvwas doﬁe
first by grouplng the urine concentrations of the four or more
smallegt, and an equal nﬁmber of largest anlimals used in each
determination, where weight data were colleeted, and determin-
ing the two mean values. These were treated as a pair of
samples from one normally distributed population. Such pairs
were caloculated for both specles, from urine coneentrations of
fleld animals and experimental aﬁimals after 3; 24 and 48 hours
in experimental conditions, where at least 8 samples were used
for the detérminationa. From the results, a tabls of diffefenees
wag determined by subtracting the mean urine concentration of
the largeat from that of the smallest animels. It wag then
possible to group negative and positive differences according
to experimental salinity, for each speocies, Groﬁps of eight or
more pairé were selected, in.which all or most of the differenceé

‘had the same g£ign. An evaluation of the ratios of positive to



Table 65; Differences in ﬁrine concentration between large
‘ (L) and small (S) summer-adapted animals.
(Wilcoxon s Signed-Rank Test). -

~ " Wo.of 0.C.8.-0.C.L, Smallest T
Source of Pa;rs x wt(Gm.)Pairsf Differences Sum:: of Probability

s T(°c)~%é'ﬁ. S L. . No.+ No.- géﬁﬁgﬂ

N F., F 20078 8 8 o o P = 0. 010
o F F 1.8 k5 8 7 1 -6 P > o.oso'
N 15° 6-25 2.5 6.4 . 8 1. 7 .. 2. P = 0,020,
0 15° 100-175 1.8 3.6 8 8 o 0 P = 0,010
N - 25° 675 2.0 5.7 . 8 2 .6 +12.5 P >.0,050
0 25° 6-75 1.5 3.6 14 9 5 -35.5 P > 0.050
N - 25° 100-150 1.4 4.7 . 9 7. 2 -5:5 P, >.0.020,
0 25° 100-175 1,2 4.0 12 11 1 -8 P >0.010

F = Fleld Conditions (Snmmer)
0.C.S5. = lMean osmotlic concentration of urine of smallest animals

0.C.L. = lMean osmotic ooncentration of urine of largest animals
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negative differences is given in Table 6. The Wilcoxon test
takes into account the size éf the differenéeslbetween the mean
urine concentrations of small and large animals and tests the
null hypotheéis that either group has an equal chance to have
the highef concentration. The implications of the significant

" welight effects are not obvious. Some}differences, while not
slgnificant at the 0.0l level, have P values < 0.05 and mayA
suggest a tendency. |

Small summer-adapted H. nudus, taken from field conditions,
tended to have -sigmmoantl;} higher urine concentrations than
large animals. A similar, but not statistically significant
tendency was shown by H. oregonensis. In high experimental
salinities, the same tendenoy 1s suggested at 15° and 25° C for
'H. oregonensis, and 259 °C for H. pudug. At 15° C; large H. nudus,
in low experimental salinities, tended to have higher urine ocon-
centrationg than small animals. At 25° C, in low salinities,
nelther species showed significant differences in urine concen-
tration attributable to differences in weight,
There is an apparent anomaly in the fact that small

lgg nudus under summer field conditions of low salinity and high
temperature showed significantly higher urine concentrations

than large animals, while in experimental conditions approx-
imating those of the fleld, the observed differences were reversed
but not significant at the 0,01 level. This was probably due to

the equilibration of experimental aniﬁals in 75% sea water before
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exposure to low salinities in the laberatory, and the empir-
ical grouping of data from a range of experimental salinities

for comperison with those .from more constant field conditions.

* RELATIONSHIPS BETWEEN URINE AND BLOOD eomcm@mmomsi |

| Consideration is given in Tables 7 and 8 to the relation-
‘ship between urine and blood concentrations in animals exposed

to the samé experimental conditions. Blood data were prbvided

by the experiments of Dehnel (1962). Forty-elght<hour urine
values were taken from Table 4, 3<hour and 2i-hour values from
raw data, Table 7 gives total osmotic Urine/Blood ratios of
previously equilibrated animals of both specles, held for 48
hours in medle of 12%, 75% and 125% sea water, summer and winter.
Also included, are intraspecific Urine minus Blood concentration
differences, and a gtatistical evaluation of their significance
by means of étudant'sA"t? test. Table 8 gives the significance
of interspecific differences in U/B ratios of H. ggggg and

H. oregonensis in both seasons, over the entire range of exper-
imental conditions. In order to apply the Wilcoxon test, all ‘
U/B ratios were converted to percentages and paired. Arbitrarily,
for each éxperimental temperature, all values for H. oregonensis
were subtracted from the corresponding values for H. nudus. The
differences were ranked and the ranks given the signs of the
differences. The positive and negative ranks were summed,; and

the smaller sum provided an entry into the tables of probabllity.
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Table 7: Comparison of 48-hour urine and blood eoneentratlona
1n summer- and winter-sdapted animals at 5°, 15° and
25° in selected media.
Summer
Media Cono. S
(% S.W.) 12% ’ 75% 125%
M%) |u/B |U-B | P ‘,i:,U/B u=B| p u/B_|U-B|P
Nudus 5', 0.84 |-11,7 P<0.0l§;0,97 —2EH‘N,S; ©.10.94.L8,3 N.8.
Oreg.|5 | 0.90 |- 6.2[N.8, §§O.99 -1.3 8.5, - |- |-
Nudus|15 | 1.0L| 0.9 [N.s\ 1]0.99|-0.6|N.5. |0.98 |3.3 .5,
Oreg.|15[1.02| 1.3[N.5. ]0.95 4.6 P<b.oo; 0.96 5.7 [P<0.010
Nudus|25 | 0,98 | -1.0[N.8. ~]0.98 |-1.7[v.5. |0.98 [-2.b fn.s.
Oreg. |25 ’0.98'i =1.1N.8, 4;1‘0a ‘343 |N.S. 1.00 [~0.2 [N,S.
Nudus|5 | 0.75 |-19.3|P<0.001 |0.83 |-19,8|P<0.001[0.83 |-24,3 |P<0.001
Oreg.|5 | 0.83 |=15.1 |P<0.0010.95 - 5.0|N.8. 0.93 |- 9.4|P<0,005
Nudus|15 | 0.67 |-21.9 |[P<0.001 [0.97 |- 2.5|N.8.  [0.77 |-33.6|P<0.001
Oreg.|15 o.63~~31.% P<0.,001|0.77 |~22.9| P<0.001 0,86 |=17.7 |P<0.001
Nudus| 25| 0.63 [-28.3| = »0.87.—12.; - 10,82 |-20,4|P<0,001
. Oreg. |25 9.69--25.3 =+ 10,87 {-12,1| P<0.001 |0.88 |-15.4 P<0.001

zh—hour blood values

U/B

Urlne/Blood ratio

U-B = Urine-Blopd gradient
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Summer U/B ratios are shown in Table 7 to apprpach unity

in both species. In most of the selected conditions, blood was
| more concentféted ?han urine. Where U/B ratios‘>>l.0, the |
depérture from unity was‘not.significant; Blood was significantly
hypertonie to urine in H. oregonensis in 75% and 125% sea water
at 159 C and in H. pudus, only in 124 sea water at 5° C.
| WinterﬁU/E ratios in both species in'the‘selected'éonﬁitions
were all léﬁerlthan comparable summer ratios. The absolute dif-
ferencee in concentration betwgen urine and blood increased to
statisti¢aily significant levels in most of these conditilons.
The'iﬂoréasésvwére.due to é generally larger net decrease in
urine ooncentfation than blood conocentration from summer to
ﬁinter in similar prerlmeptal‘conditions. Blood values were
gignificantly higher than urine values in all‘conditions'except
 for H. oregonengis , 5% ¢, and ﬂ. ‘nudus, 15° ¢, in 75% sea .water.
- Table 8 shows that at 5° ¢, H. oregenensis had higher u/B
N ratios than H. nudua over the entire range of experimental gale
1n1ties. The difference was due to relatively lower blood con-
centrations in H. oregonensis at this temperature. The discrep-
anoy between ratiog was aignificant in winter and appréached
significance in summer animals. At 15° and 25° é, in the same
salinities, H. nudus ratiqs were higher, both in summer and in
" winter, but the difference was éignificant only in winter animals
at 25° C |
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Table 8: Wilcoxon's Signed Rank Test (two tailed) for intere
U/B ratios
converted to £ and paired for ssme conditions.

‘gpecific differencesin U/B ratios;

Source of Pairs No. of SmallestZ of U/B Probability
Seagon T(°C)A% S.W, Pairs Ranked Diffs, Trend

5° 22 +38.5 O>N  £<0.01
Winter = 15 6-175¢ 23  -77.4 NS0 P50.05

25° - 19 ~19.5 NS0  'P<0,01

50 20 - 43,5 oSN P>0.02 "
Summer  15° 6-175% - 22 +88.5 O>N  P>0,05

. 18 ~l5.5 N>0 “p&o.65 

25°
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DISCUSSION

)

‘_Hyper;osmotic regulation of blood congentratidn in
H. oregonensis and H. pudug was demonstrated by Jones (1941).
 Gross (1957a) was also able to show some degree of hypo-osmotic
‘regulation in these speéies. Recent work (Dehnel; 1962),
carried out for a full year,'has demongtrated that the osmo-
regulatory abilities of the two specles changed significantly
from summer- to winter-adapfed animals, Thé'results prssented
héré supporﬁ and complement the latter findings with details of

urine osmotic responses.

EFFECTS OF SALINITY:

From an equilibrated or steady state at time zero (Figs.
1 to 4), the urine osmotic response ourves"fail in low and rise
in high salinities at rates which in general decline with time -
and appear to reach new equilibria with media within the
physiological limits of the species. Blood response curves for

Hemigrapsug (Dehnel, 1962) and Pachygrapsus (Gross, 1957a)

exhibit similar patterns. In the latter investigation, samples
were drawn at shorter intervals (1, 3, 6 and 12 hours), so that
stepwise changes towards new steady states are evident. As in
the present case, most of the changes were complete by 24 hours
immersion in the medla. In Emerita, an adjuster, Gross (1957a)
showsed that all blood changes were complete after only‘two hours
in a comparable range of experimental salinities.

The antennary glands of Pachygrapsus have been shown to
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function mainly in the regulation of particular blood lons

but not of total blood osmotic conecentration (Jones, 1941;
Robertsoh, 1949; Prosser, Green and Chow, 1955; Gross, 1957a,
1959). This conclusion was based on the iSOBmoﬁicity of blood
and uriﬁe in a variety of temperature and eal;nlty oombinations,
and on high'U/B ratios forlmagneslum (Gfoss. 1959). The prawns
Palaemonetes varians Leander gerratus and L. squilla, in

d;lute media, produce urine 1sotonio to blood (Panikkar, 1941).
Parry (1954) showed Hg and S0 to be lower in blood than in
uriﬁelin‘g,'serratus. In both species of gemigragsus, sunmer-

- adapted animals at 1éaét'have total osmotic U/B ratioe close to |
unity over the entiré range of experimental'tempera?ure and
salinity (Table 7) Aﬁ ﬁhe same time, large osmotio gradients
between external media and body fluids (48-hour blood and urine)
were obtained in salinities below ?5% sea water (Fig. 5)s The
animals are thus shown to be effectively regulating hyper-

‘osmotically‘ There wasg no significant welght increase such és
would accompany a large influx of wafer from the hypotonic medla
(Dehnel' 1962)., After an initial rapid drop.in urlne concen-
tration, the rate of salt loss was reduced after 24 hours, 80
thatva new state of equilibrium waé-approached; The demon-
‘stratedlhypértopioity,of 48=hour urine in summer animéls.exposed
to concentrated media (Fig. 5) can have little adaptive import-
ance, since salinities higher’than 35% sea water are not as a

'rule’enoounteredAln this geographic area. Webb (1940) postulates

that salt absorption is a continuous process under normal
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conditions. The continued increase in urine concentration

may thus be aﬁtributed to the activity ofvsalt ébsorbing tissues
in the gut and gills which, when adapted to high temperature and
low salinity, continue to act as 1f.they were aiding hyper- -
osmotic regulation, within physiological limits, of blodd concen-
trations. If this is the case, the leveling of résponsa eurves
in high salinitles may be the result of interference by increased
blood ion concentratiohs, with the absorptive mechanism, Until
the flux of sodium, magnesium, calclum, potassium, chloride and
sulfate ions between concentrated media and the urine and blood
is kmown, and the présenoe and influence of adaptive extra-

- vascular salt pools is establiéhed, a more complete explanation
of this summer phenomenon cannot be undertaken.

Three major differences distinguish thevurine osmotic
responges of sum&er- and'wihterpadapted animals of both species,
at their respectlve temperaturesg, to the same range of éxperi-
mental salinitles. The first is that over a given range of
- external concentratiohs, winter animals showed a smaller range
of wine conocentration than summer enimals. Thls was markedly
true for H. aregonensis (Figs. 1 to 4). Hemipgrapsus nudus, in
-winter, showed a reduced tolerance for very low external saline-
ity. Such a reduaticn,'expressed‘b& high mortality, was also
shown for C. grangon, a migratory shrimp (Broekema, 1941). The
 second difference was that total osmotic U/B ratios for winter
animals‘were‘1n.mostAcases significantly lower than summer ratios,

that 1s, urine was more hypbtonlc_to blood over the range of

*
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experimental salinities (Table 7). Thils suggests winter
participation of the antennary glands in.hyper;esmotic regule-
ation. The significance of low U/B ratios is not easy to see
in relation to the third and most . 1mportant difference between
winter and summer responsesg: the production in winter of hypoe
tonic urine in external salinities above 75% sea water for
H. nudus and above:100% sea water for H. oregonensig.: |
| While hypo~osmotic regulation of blood concentration has

been well d;cumenteq for a number of Crustacea from aquatic,
1ntertida;; semi~-terrestrial and terrestrial habitats (Jones,

1941; Broekema, 1941; Prosser, Green and Chow, 1955; Gross,
| 1957a and b; Riegel; 1959), it was not found in Hemigrapsus by
Jonés (1941), whose results have been widely cited. Gross
(1957&) however,>he1d that some degree of hypo-osmotic regulation
of blood concentration occurred in Hemigrapsusg from California,
giving a value of up to‘33% perfeot regulation for 20 hours in
150% sea water. This value was obtalned by dividing the sus-
talned gradlent between blood and medium at 20 hours by that ét
time‘zero.. Recent work (Dehnel, 1962) has shown that both
speoies of Eemigragsus, equilibrated in 75% sea water, cannot
maintain blood hypo-tonicity whéh_transferred to experiméntal
salinities of 1004 to 175% sea water, Present results have
indlcated that although true regulation of blood concentrétion
was ndt-egtablighed in hypertonicAmedia;gincreasea in concen-
trat;én may be resisted to some degreé;' It was shown that urine

may differ in concentration from both blood and medla, and that
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seasonal.chahgeé ocourred in urine as well as blood osmotic
responges.

- Summer-adapted Hemigrapsus in the field maintained their
~body fluids consaiderably hypertonic to summer salinitles (25%
to 35%). Urine was shown to be nearly isotonic with blood.
Similar osmotic behavior 1s found in Carcinus in dilute sea
wéter and Eriocheir in fresh water (Krogh, 1939). Webb (1940)
has suggested that active water uptake 1s Buapended'and ion
exchanges in gills and antennary glande are intensified un&er
these conditions. The low permeability characteristic of the
exoskeleton of regulating forms (Grosé, 19575) would ald the
animals in resisting the influx of excess water with increag-
ing osmotlic gradients. , : ' ,

When.ekposed to increased or decreased'expefimental
galinities, summer-adapted animals behavé, osmotiocally, some- .
what as if they were still in "normal" summer conditions, al-
though the concentration of their body fluids follows changes in
the extérnai medium. In low salinifies, both species main- ’
- tained hypertonicity of blood and urine (Figs 3 and 5 and Dehnel,
1962). This was done without the production of blood-hypotoniec
urine, and might have been accompllished as Webb (1940) suggeéts.
Another possibility is that during the experimental period,
salts are mébilized from adaptive ektra-vascular‘pOOIs, whose
existence was postulated by Hukuda (1932) and verified in

Pachygrapsus by Gross (1958, 1959). No experiment as yet has
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‘been conducted to establish the presence of these pools in
Hemigrapsus., In 100% sea water, H, nudus showed a significantly
larger gradient between L48-hour urine and the medium than‘g;”

oregonensig; but at higher salinities, there was no significant

difference (Table 2)., Urine was significantly -hypotonic to
blood in H. oregonensis in 75% and 125% sea water but was not

so in H. ggggg (Table 7). Urine osmotic re:ponse curves (Figs,:1
and 3) rose past 1§otonicit& in most cases by éﬁlhours} At 48
hours, in salinitiea up to 150% seaAWater,'new equilibria were
approached, while in 175% sea water, lethal blood conoentraﬁion
Qas reached before 24 hours (Dehnel, 1962), at which time in the
present experiments, urine was equivalent to 192% sea water in
H. oregonengis. It is apparent from the above changes that
oSmoreguiatefy meghanlsmé which are adapted'to high«temperature
low~salin1ﬁy conditions, seem“ﬁo}oontinue'to:operate 1nva §ime
ilar way even when eépoaed té’high experimental salinities at
summer temperature,A Summer-type regulation, characterized by
active lon aﬁéorptian and reduced water loss, and presumably
aocompanied by ion reabsorption in the antennary glands, is
largely exfraérehal and does not change after a period as short
as 48 hours in experimental conditiOns,"Parameters to,ﬁhich_the
regulatory,mechanisms may peéome aoclimated are temperature,
saiinity(andiT/S combinations), light'and desiccation, brought
about'by the seagonal progression of low tides from night in -
winter, to day in summer. The effect of temperature on osmotic
responses of seasonally adapted animals will be considered in a

later ssction.
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The excretion of blood-hypotonic urine as a méans of
maintaining blood concentration above that of the medium has
been well documented (see below). Winter—adaptedAHemigragsus.
in the field showed blood concentrations hypertonic to 70-80%

' sea water (Dehnel, 1962). Urine data for winter animals from

the fileld are not available, but after 51 hours (438 equili~
bration plus 3 experimental) in 75% sea water at 5° ¢ H. nudus
had higher bloed concentrations than H. oregonensig (Dehnel,
1962) while their urine concentrations were alike and hypotonio
to the blood. For comparison with summer data, these values

have been considered to approximate the urine and blood relation-
ghips in winter animals from fleld conditions. In summer animals
from field conditions, H. ggégg had both blood and urine con-
centrations higher than H. oregonengis. Mean winter and summer
U/B ratios for H. nudus were 0,88 and 0,95, and for H. oregon-
ensis 0.93 and 0,98, with urine-to-blood gradients of 13% and

6% and 7% and 2% respectively.

Winter animals of both speclies, in experimental media
below avérage winter sea water concentration (70-80%)'regulated
thelr blood oconcentration with the production of biood«hypotonio
urine, Abeolute 48-hour blood and urine concentrations were
signifiocantly higher in H. orégonenais than ﬂ,.ggggg in 12% and
'25% sea water, and 6% sea water was tolerated by H. oregonensis
only (Figs. 2 and 4, Table 2, data not'presented and Dehnel,
1962). The larger blood~to-medium gradients shown by H. oregon-

ensls suggest & more active ion absgorbing mechanism in this
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speciles, perhaps correlated wlth its oharaéteristically
estuarine distribution. The active absorption of ions from
hybotonic media has been éemonsﬁrated in a var;etj of regulat-
ing Crustacea, among them; a crayfish, Astacus, and the crabs
Carcinus and Eriocheir, the latter related to Hemigrapsus
(Schwabe, 1933; Nagel, 1934; Krogh, 1939; cited by Prosser and
Brown, 1961). In crabs, the gills have been recognized as major
'sités of absorption (Nagel, 1934; Gross; 1957a). Excess water can
enter the animsle by diffusion and active absorption, together
Wwith lons, through the gills. Urine, if formed by filtration,
at first may.be igsotonic with the blood and be rendered hypo-
tonic by the reabsorption of specific ions. As long as the loss
of ione in the urine i1s at least balanced by activé ébsorptlon
from the dilute media, the animals can achieve and maintain
osmotic equilibrium (Webb, 1940)., Increased urine output in
dilute medla has been shown to aid in ellmination of excess water
ih Carcinus (Prosser and Brown, 1961). It has not been demon-
strated in the present data but may be important in Hemlgrapsus
as well. | ' |

In media more concentrated than normal winter sea water,
at 5° C, both speciles maintained blood h&pértonicity and cone-
tinued to excrete, at 48 hours, urine hypotonioc to the blood and
the media. As was the case in summer-adapted animalg, the winter
balance between'active processes in the gills and antennary glands
appeared to be maintained during short-term éxposure of the

animals to concentrated sea water. The general urine-to-~blood
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relationship established in average winter sea water conditions
was retained, although absolute body fluid concentrations
changed (Table 7). Gradients between blood and media tended to .
deerease with 1noreasing external concentration above 75% sea

- water (Dehnel, 1962) to a minimum in 175% sea water for H. nudus
and 125% for H. oregonensis. Above 125% sea water in the latter
specles, they again increased, Urine-to-medium gradients on

the other hand tended to increase with increasing external cone
centrations, from a minimum in 100% sea water to a maximum in
175% sea water, for both species (Fig. 5). Rénal exoretion of
magnesium and retention of sodium and potassium in dilute media
'hag been demonstrated 1h Pachygrapsus (Prosser, Green and Chow,
'1955; Groes, 195?3), and the extra-renal exeretion of scdium in
concentrated media has beén suggested. Until ion determinations
are available for local Hemigrapéug'bleod and urine, the precise

activitles of the antennary glands oannot be established.

EFFECT OF TEMPERATURE ON OSMOTIC RESPONSES OF SEASONALLY-ADAPTED

ANIMALS : _

Bﬁoekema (1941) reported that Crangon crangon maintained
in sea water of 29%c showed a gradual fall in blood concentration
es experimental temperature was allowed to rise with the seasonal
change from gpring towérds autum (blood-medium gradient grad-
wally increased). A reversal of these changes occurred when the
- experimental temperature was allowed to fall between autumn and

winter. This speéies, in Dutch waters, winters offshore in water
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" of relatively high salinity and migrates shoreward into more
bfaokish}oondltiona in spring and early summer. Survival at

low temperature was correlated with high salinity and high
temperature inecreased tolerance to low salinity; 0thef~spec1es,
with a reverse migratory pattern, appeared to tolerate low sale
inities better at low temperatures. These inecluded a spider

crab, Hyas araneus, a shrimp, Crangon allmanl and & prawn,

Pandalus montagus. A third group, represented by the orab

Bhithropanopeug harrigi and the amphipod Gammarug duebenl had

tolerances similar to Hyas but did not migrate seasonally
{Verwey, 1957). The two species of Hemigrapsug combine toler-
ances simliar to C. crangon, and non-migratory habats; In gen-
eral,.high temperatures increase and low temperatures deoreéae
metabolic rates. Dehnel (1960) suggested that low salinities
at high temperatures may impose a greater stréés than high ones.
This is compatible with observed osmotic gradients maintained
by these specles between blood and media and urine in high and
low salinities. | .

Winter-adapted anlmalé of both species in dilute (12%)
gea water showed aignifieantly greater A48-hour hypertonicity .
at 5° C than at 15° C (Fig. 6). With the rise in temperature,
the U/B ratio deoreased beeéuse urine concentration déoreassd
more than blood. A rise in experimental temperature from 150 c
to 25° C caused no further significant change in urine concen-
tration. Blood data from equivalent animale are not avallable

for comparison. In 75% sea water, at 5° C, winter animals of
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both epeoiés showed similar 48=hour urine concentrations but

H. nudus had a higher blocd concentration, hence & smaller U/B
ratio (Table 7). At 15° C, B, nudus urine remained unchanged,
blood concentration dropped, the U/B ratio rose, and regulation
weakened, In H. oregonensis, however, blood aia not change but
urine concentration decreased giving a lower U/B ratiol The
gradient bet@een urine and medium dropped from 21% to‘z%Jsea .
watef; Thus,-in experimental conditions approximating winter -

H. oregonensis responded to a

—

field temperature and salinity,; |
rise in temperature, lncreased permeability'and metabolic rate,
by a drop in urine concentration, while maintaining blood at
the level found at 5° C. This 1is probably achileved by increased
reabserptidn in the antennary glandg. A further risé in temp-
erature to 25° ¢ caused no significant change in urine ooncen-
tration, but a rise in the U/B ratio from 0.77 to 0.87, was
aedohpahied by a deecrease in blood oéncehtration.' This speqies
regulates less strongly in 75% sea water as temperature 1ncrééée95
In H. pudus, the rise in temﬁerature from 15° to 25° C resulted
in a significant decrease ln urilne, but not blood, concentration,
hence a lower U/B ratio (Fig. 6). The 48~hour U/B ratios for
the two specles in 75% sea water were ldentical at 25° C but
H. nudus had urine and blood values about 7% sea water higher
then H. oregonensig, indicating étrOnger regulation.

Urine and blood concentrations were alike for summer-
adapted H. oregonensis in 12% sea water, at 15° C, and the

gradient between these flulde and the medium was 55§ sea water.



-39 -

Cooling the animale to 5°VC reduced this gradient by 10%
 gea water for:urine and 2% for blood. Blood osmotlc concen-
tration was regulated nearly as strongly as at 15° C, with &
slight but not significant indication that the antannary glands
wére involved. ﬁrine and blood concentrations were similaﬁ at
25° C but the gradient between them and'the medium increased,
1ndicat1ng‘that sunmer aﬁéptafion favours étronger regulation
at high tempeﬁatures and low salinities and emphasizes the re-
semblance of the temperature and salinity tolerances of this
speoies to thos of C. crangon. B |

. Summer-adepted H. nudus at 5° C in 25% and 12% sea water,
showed signifiqant,fénd in 6%‘sea ﬁater, slight, hypotonicity
of urine to blood (Table 7), suggesting here also that the
R antennary glands are téklng part in the éliminatioh of exoess
water and reabsorption of needed ioms., At 15° C and 25° ¢, in
dllute media, urine concentrations were not significantly dif—
ferent from those at 5° C, but blood<to-urine gfadients weré
slightly reduced, suggesting that cooling 6f,summerqadapted
animals in low salinlty condlticns reduced thelr capaelty for
galt absorption and stimulated greater reabsorption in the
antennary glands to compenéate,

The effects of cooling or warming summer-adapted animals
and of warming winter-adapted animals were pronounced only in
low experimental salinities. In high salinities, similar
changes in témperature cauged no significant change in urine
cencentration«in.either specles. It is probable that high
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salinities pose less of an osmotlic problem than low sélinities
(see gradients, Fig. 5), and that temperature changes éonseq-
uently do not altér the balance between absorpsivé and reabsorp-
tive activitiegs as much in high as in low salinities. | |
In comparing summer and winter mean urine concentrations
in the'range of experimental salinities and at 5°, 15°'and 25° c,
(Table 4) it should be noted that each of the lower temperatures
~1s foreign to one of the seasonally-adapted groups, and that
25° ¢ is foreign to both. Therefore, differences between the
results given in Tableg 3 and 4 gre attributable to temperature

effects on the seasonal groups.

EFFECT OF TEMPERATURE ON RATES OF URINE AND BLOOD CHANGE IN
HIGH SALINITIES: | | |

Local Hemigrapsusg, after equilibration in 75% sea water;
showed rises in urine and blood concentration when placed in sea
water of 100% or higher concgntration. Batesvof'change were
related to the season and experimental sallnity‘and temperature.
These animals do not regulate in the usual sense (Dehnel, 1962)
at 48 hours, but give some evidence of resisting for a time
upward changes 1n blood concentration. The antennary glands
appear to be implicated in this resistance, and theif activity,
with that of absorptive tissues, 1s modified by changes in ex-

*

perimental temperature.

Hemigrapsus oregonensis: ,
Winter urine did not become hypertonic to concentrated
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medla, so that only blood changes are comsidered. A rise in
experimental temperatﬁre'frbm 50 to 15% or 25° C shortened the .
time taken for blood to become isotonic to 175% sea water.
Presumably; salt ébsorption was enhanced in 100~150% sea ﬁater
as well, but this effect was concealed in the relatively long
intervals between samples. |

In summer-adapted snimals at 15° C, blood reached 1so-
tonicity with 100% sea water more slowly than in winter-adapted
animals at any temperature used. The higher adaptation tem-
perature appeared to favour stronger regulation. In 125% sea
-water, urine changed more rapidly than blobd,'and thé antennary
glands appeared to funotion in retarding blood change. In higher
salinities, however, no such retardation was evident. Cooling
the animals to 5° C reduced sbsolute urine and blood concen-
trations at 3 hours, suggesting that the lower temperature re-
tarded all aotive processes involved in regulation. Warming the
animals from.lso to 259 C raised 3<hour blobd values by 8-22% in
125-175% sea water, while ﬁrine values increased less. Thease
inoreases suggest that température elevatibn affects salt

abgorption more than salt exoretion.

Hemigrapsus nudus: }
Winter-adapted animals at 5° C in high salinities did not

préduce bloed-hypertonic urine. Blood changes in 100-175% ses
water were not obviously accelerated by increased experimental

temperature.
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In summer-adapted animals at 15° C, blood concentration
exceeded 100-175% sea water by 3 hours. Blood-hypertonic
urine, suggesting an atteﬁpt at regulation, was produded‘for“
24 hours in 100% sea water, but apparently not in higher sal-
inities. Cooling the animals 15°_to 50 ¢ tended to retard salt
absorption, so that 3-hour blood concentration was lower at the
lower temperature.v Salt excretion was less affected, and urine
was hypertonic to blood for 48 hours in 100% sea water and for
over 3 hours in 125-175% sea water. In all media, however, both
urine and blood passed 1sot0nicify around 3 hours and attempté
at regulation were weak., Warming the animals from 15° to 25°vc
tended to raise urine concentration. Although blood was not
"~ kept hypotonié to 106% gea water fcr\és long as 3 hbﬁrs, it was
less hypertonic at the higher temperature at each sampling time.
- In 125% sea water, blood wag hypotonio for over 24 hours with
the production of markedly hypertonic urine. This suggests_
that the higher temperature enhanced regulation. In 150% sea
water both urine and blood changes were more rapid at 25 C and
no regulation was evident It ‘appears that, as in Pachzgragsue,
wherever,a degree of regulation ig found, it qommenoes very soon

after exposure of the animals to the experimental conditions;

EFFECTS OF SIZE ON OSMOTIC RJSPONSE‘

Little work has been done on the effect of body gize on
osmotic behavior in 1nvertebrates. Broekema (1941) oompared

blood:concentrations of "young" and "old" C. orangon and foupd
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no significant differenée betwean them in media of 19.3%0 and
25.3%0 at 20° C and in 34.7%0 at 4°-5° C, Dehnel (1962) founé

-~ no significant differences in blood concentration between small
and large‘g. nudus and H, oregonensis either from field condit=-
ions or from a range of experimental conditions gimilar to that
uged in the present investigation. |

Urine concentration in éummer-adapteé‘g._nudus taken from

fleld-condltions was significantly higher in small than in
large animals (Table 6). A similar, but insignificant trend was
: showﬁ in H. oregonensis. This may be an ekpreggion of propor-
tionally higher rates of ion.absorption in small animals, which
allow more ions to pass out in the urine while adequate blood
hypertonicity is maintalnéd...EQuilibration in 75% sea‘water at
15° ¢ reduced osmotic stréss, and in H. pudus at least, oaused
different responses in large and small eanimals when they were
placed in low salinity media. In these conditions, at l5° and .
25° C, the urine of large animals was slightly hypertonic to.

- small animalg. 1In experimental aaiinltieé'up to 75% sea water
at 25° C, H, qfégonensis showed no significant size effect. 1In
concentrated media, at 15° C, however, small H. oregonensis
tended to have urine signifioantly hypertonio to that of large
animals, A si&ilar but insignificent relationship was shown
at 25° C. It seems that neither size group regulates success-
fully'against high external salinities, but small anlmals, by
producing uriné closer to blood concenfrétion show a'greater

potential for régulation-than‘large animals. This is true if
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a criterion of hypo-osmotic regulation is the production of
blood~hypertonie urine. The response of H. nudus to high

external salinity at 25° C differed from that of H. oregonensis.

The apparent size effect 1s the same in both species. Hemigrapsusg
nudug produced blood-hypertonic urine in concentrated media to

a degree not shown by U/B ratios, and not shown by H. oregonensis.
Hypertonicity of urine to blood is not suffiocient to make thisspecie
a succéssful hypo-osmotic regulator, but it suggests the pregence

of a greater potential than that possessed by H. oregonensis.

RELATIONSHIP BETWEEN URINE AND BLOOD CONCENTRATION:

Total osmdtic U/B ratios in H. oregonensis and H. nudus
changed seasonally in animals from the same experimental cone
ditions (Table 7). Summer-adapted animals, which in the field
regulated strongly against low salinitles, produced blood-isos-
motlic urine, In low, Intermediate and high experimental salin-
ities at 5°, 15° and 25° C, U/B ratloe approached unity in both

species. Exceptions occurred in H. nudug in 127 sea water at

5° ¢, and in H, oregonensis in 75% and 125% sea water at 15° C,
where urinevwaa significantly hypotonic to blood (Table 7).
- In the first case, active lon absorption from the medium may be
slowed down by the low temperature, necessitating a greater
recovery of ions from the urine and causing a reduced total
osmotic U/B ratio, The same order of difference between blood
and urine occurred in H. nudus in 6% and 25% sea water as well,
at this temperature. In the second case, H. oregonensis in

concentrated sea water had blood hypertonic to the media. The
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prdduotloh of blood-hypotonic urine must have litth value
in regulation at these sslinities, and the stétistical sign;f—
icance attributed to it 1s partly the result of low variance in
the salinity detérminatiOns'oh-blood and urine. The disappear-
ance of significaﬁt differences between ufine and blood at 25° ¢,
suggests that thej are more apparent than realvat 15° C. In
experiméntal condltioﬁs, winter U/B ratioé for both species
depart considéerably from unity in high and low salinitles (Table 7)
In 75% sea water, where'osmotie‘conditions approach the éeasonal
nornm, differencea‘betweén urine and blood for H. oregonensig at
5° ¢ and H. nudus at 15° C were not significant. Significant
differences between urine andrblpod in low salinities were
agsoclated with strong ﬁyper-oSmotic regulation, and in high
salinities with a possible persigtence of a séasonally acclim-
ated balance between ion absorption in the gills and reabsorption
in the éntennary glands., ' ,

~ ‘Interspecific comparison'cf U/B ratios showed'stafisticn
ally significant temperature effects in'winterﬁadapted but not
summer-adapted animals. At 5% ¢ for the'sallhity range 6% to
175% sea water, and for combined 3, 24 and L8-hour data; winter=
Aadapted;ﬁ; oregonensis showed a sigﬁifieaht tendency to have ﬁ/B;
ratios nearer unity than H. pudus (Table 8). At 150 €, ratios
tndéd to be nearer unity in H. pudus, but were not significaht;‘
At 250 C, ratios for H: nudus again tended to be nearer urity,
" showing significance at the 0.0l leveli At 5° C, the tendency

for U/B ratios to be significantly higher in H. cregOneﬁ§1s was
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based on a large proportion of cases 1n-which the urine of

‘this speoies was hypertonic to urine of comparable H. nudus.

Al tne same time, no trend was evident in blood concentration
'differences. At 25° C, the tendenoy for H. nudus to have higher
U/B ratios was based on the fact that H. nudus urine and

H. oregonensgis blood wére more frequently'higher in concentra-
tion than the same flulds In the other species. The inter-
specific difference in U/B ratios for winter-adapted animals:at

45° C suggests that reabsorptive proceeses in the antannary“glands

are mors actlive in H. nudus than H. oregonensis at that temp-
erature, Increasing temperature hag a different effect on the

two species, 80 that at'25° C; H. oregonensgis shows on the

average larger urtne~m1nué;biood gradienté than H. nudus. This,
coupled with higher blood concentrations suggests that active |
abéorptive sltes are more temperature-sensitive in H. oregonensis.
In summer-adapted-anima;s,-tctal osmotic U/B ratios differed
less between specles than in'wiﬁfer-aﬁapﬁed.aniﬁals (Table 8).
At 56 ¢, the tendehoy for ratilos 1h H. oregonengis to be higher
than in H. nudus was based on the fact that blood in H. nudus
and uriné in H. oregonensis were more frequently higher in con-
centration then conversely. A rise in experimental temperature
to 15° C increased the number of instances, in these comparisons,
in which urine of H. nudus was hypertonic to that of H. oregonen-
Blas. Total osmotic U/B ratios in the latter were slightly higher
than in H. nudus. Gradients between urine and blood, probably

correlated with more active ion reabsorption, were greater in
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H. nudus. A% 25% ¢, the tendency was reversed and insignif-
jcant, and on the average, blood and urine differences between

the two species were slight.
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SUMMAHY

1. Two species of shore crabs, Hemlgrapsus oregonenSis and

H. nudug, from the Vancouver area, were equilibrated in 75%
sea wéter for 36 to 48 hours and exposed to a range of exper-
imental salinities from 6% to 175% sea water at 5°, 15° and
25° C. Urine samples were drawn after 3, 24 and 48 hours, and
thelr osmotic concentration (% gea water) was measured by the
method of melting point determination., Dupllicate series of
experiments were carried out, using animals adapted to summer
and winter field conditions., All summer animals were welghed
during the experiments, and representative groups were sampled

at .the time of collection.

2. Urine concentration was found to fall in dilute, and rise

in concentrated media, at rates directly related to the grad-
ients bétween medla and eqﬁillbrated‘u;ihe éonéentratlons, and
influenced by the séasonal_adaptation of the snimals and the
éxperimental temperaﬁure. The‘rate‘of concentration change in

a given medium wag not continuous between time zero and 48 hours,
but in most instances became slower after 24 hours. New equil-

ibria were generally establlished by 48 hours.

3. Hyper-osmotic regulation in summer-adapted animals was
achieved with the production of blood-isotonic urlﬁe, implicat-
1ng'extra;renal mechanlsms, In winter-adapted animals, the
production of blood-hypotenic urine indicated the participation

of the antennary glands in hyper-osmotic regulation.
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L, Evidencé ie presented which suggests‘that in summer
animals, adépted to field conditions of low salinity and high
temperature, the antennary glands function to some degree 1n
retarding increases in blood concentration in media of 100% to
150% sea water. In general, cooling retarded, and warnming
stimulated salt absorption and regulation. The period of re-
sistance to blood change, where demonstrated, wag longest in

100% or 125% sea water and shorter in higher salinities.

Hemigrapsus nudus appeared to have a greater potential for hypo-

ogmotic regulation than g.‘oregonensi .

5. The antennary glands were not shown to funotion in resist-
ing upward changeg in blood concentration in winter animals,

adapted to fleld conditions of high salinity and low temperature.

6. .Chahges in experimental temperature revealed interspecific
and seasonal differences‘in L8-hour urine concentration.
Summer-adapted H. oregonengis in dilute (12%) sea water showed
significantly higher urine concentration at 25° C than at 5° C,
but H. nudus showed no temperature effects in low, intermediate
or high salinities. Winter-adapted animals of both specles
showed slgnificant decreases in urine concentration in low and
intermediate, but not high sélinlties, when the experimental

temperature was inoreased.

7. In both speeclies, summer and winter adaptation tended to
favour stronger hyper-osmotic regulation at the respective

seasonal temperatures than at temperatures foraign to the seasons.
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8. ‘dey size was shown o have, in some circumstances, a
significant effect on urine osmotic concentration. Small

; H. nudus, taken from summer field conditions, had significantly
higher urine concentration tﬁan large énimals, while H. oregon-
ensls did not show similar tendency. In concentrated media,
small H. oregqnensis at their seasonal temperature had urine

significantly hypertonic to that of large animals.

9. In winter-adapted animals, H. oregonensis had total osmotic
U/B ratios significantly higher (nearer unity) than H. nudusg

for the whole range of experimental salinities at their sgeasonal
temperature. Increasing the experimentai temperature caused a
‘rise in the raties in H, nudus so that at 25° C, they were sig=

nificantly higher than those in H, oregonensis. In summer-adapted

aninmals,; H. Oregonénsis had higher ratios at the seasonal and
lower temperature but at 25° C, H. nudus again had ratios nearer
unity. In summer animals however, these tendencies were ﬁot

statistically significant.

10. Seasonal adaptation of osmoregulatory mechanisms in
Hemigragsué is shown to alter the balance of active processes
s0 that for a glven range of expgrimental conditions, urine 1is
'lower in winter animals then in summer animals both in absolute

concentration and.relétive to the blood.
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