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- The gammarid amphipod Onisimus litoralis, which inhabits the Arétic - '\\
and Subarctic intertidal zone and under-ice environment, is a eutyhaline * . s

~~~—  hyperosmotic regu1ator.°it survives IOﬂdLexposures to salinities. ffﬂ% §

A
4

s to SSQ/oo It exhibits strong hyperregu]ation of 1ts hemo]ymph osmot1c" ‘

pressure during 3 h exposures to d11ut1ons of normal seawater and

S . »

remains hyperosmotic to these media for at least 2 w. It becomes almost
o .

\uy/'isosmotic to higher than norma] salinity seawater up to 1600 mOs _-
. (= 50°/oo) after exposures ‘of 3 h. After 12 h exposures to any sa]1n1ty

above normal seawater, it is isosmotic to the media. Anonyx ;ugug%
gammarid 1nhabit1ng the Arctic and Subarctic subtidal zone, is a more
stenohaline  osmoconformer. It to]erates a salinity range fronl 23 to
45°/oo without significant mortality. Its hegiolymph 'becomes isgsmotic to
all dilute salinities W1th1n its tolerance range after 12 h and

Qi/’osmoconforms to concentrated med1a after’3 h. The sa]inity tolerance-and -~ - ’

\' .
osmoregu]atory abilities of the 2 speC1es relate to the animals’
observed distributions. | \\\ . , .
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. . . | " . 'Résumé  ; \ o -
* ) ' ' ~ . . @’ ) .@” a | .
L’A'mphipqde gammaridien QOnisimus litoralis, qui coPénise

Lt ' 1’ intertidal gltﬁa surface jnférieure de 1a glace des zones arctiques gt

)’ subarctiques, est un_régd]»ateur hyperosmotique euryhalin. I1 survit a
une inclubation dé 10 jours dans des salinités de 5 & 559/ 00. IN- démontre-
un(: hyperrég&]ation'»fcrte de sa”pression osmotique ,d}’hémowmph‘e lpendant
3 heu're§ dans des salinités diluées et reste hyperosmotique dans ces

— salinités pendant ati mojnsuz semaines. I1 devient presqu’isosmotique aux
salinités élevées jusqu’a 1§0b r;0$‘(:50°/oo) aprés une incubation de 3
heures. Aprés 12 heures d’,incu'bationa aux salinités plus élevées que la--

) “normale il es:t.au‘m‘oins isosmotiqtje ;u maﬂje,u. Anonyx 'n_ug_agg, un

| __3;5 , gamniarid”ien de 1’ infralittoral des zones arctiques et sﬂbaf‘étiques; est

o un conformeuraosmotique p]ﬁus st‘énohah'n. 11 tolére ;Jes ‘saHnités de 23 a

5 45%/00 sans mortalité significative, "A—prés' 12 heures, sdn hémolymphe
. T devient isosmotique aux salinités diluées et dans les milieux concentrés

- ei]ec/s& conforme aprés 3 heures, Les capacités osmorégﬂiatrice;s d/%\ 2
. espdces sont appropriées a leurs aires de distribution r.'espectf'\/es.
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& . Y
‘ Concerning thesis format ' _ .
\ This thes{is has been prepz;red as a paper which has been submitted
to the journal "Marine Eco]ogy—Pr‘ogr‘.ess Series". = : \

-

, . Statement of contribution to co-authorship . i
I 4

Dr. Jonathan A. Percy,- the candidate’s-Research Supervisor at the

is the oﬁ]y study of the osmoregulatory capacities of the gammarid
mphipods Onisimus 1jtora1i§ and Anonyx nugaX. It is the only study of

arctid amph1pogis wh1ch used a wide range of saHmties including both

' dﬂutwns and concentratwns of rormal seawater and a 1arge number of

¢ rephcates in eachlsahmty It is also the:’most& extensive salinity
tolerance study of ;céme 2 species. Schnefder"s (1980) (see Literature
Cited) unpublished salinity to]eranée study of these ‘and other
inverte‘br;ates was conducted over a shorter 96 h duration°using less

sah‘ni.ties and no replicates. He did not study thé.osmoregulatory

abilities of his subjects.
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_? ‘ Abstract .

The gammar'id amphipod Qnisimus ]_‘Lt_gr_‘g_]_j_;, whi‘ch inhabits the Arctip
ngd Suba.rctic intertidal zone and under-ice, environment, is a euryhaline
hyperosmotic regulator’.klt survives 10 d expdsures“to salinities—from 5
to 55%/00. It exhibits strong- hype,rregu]ation of its hemolymph osmotic
pressure duriné 3 h exposures to dilutions of normal seawater ‘and
remains hyperosmotic -to these media“ for at least 2 w. It becomes aﬁnost

-isosmotic to higher than nor‘ui‘é‘i'l"f‘vsalinity” ‘seawater ub to 1600 m0s

{~50%/00) after exposures of 3 h. 'kfter 12 h exposures to any saHnity

) _above normal seawater, it is isosmotm to the media. Angma(, nugax, a
;gammamﬁmhabnmg the Arctic and Subarctic dubtidal zone, is a more

st.e_nohaﬁ
45%/00 withoqt significant mortality. Its hemolymph becomes isosmotic to
all dilute salinities within its tolerance raff¥® after 12 h and
osmoconfoorms to concentrated media after 3 h. The salinity tolerance and
osmoregulatory abilities of fhe 2 species relate to the° animg'ls’

observed distributions.

¥

osmoconformer. It tolerates a salinity range from 23 to -




Introduction

The osmoregulatory abilities of aquatic animals are the subject of a
large body of literature. Krogh‘(1939) reviewed early studies in this
f:eld. Several other authors, including, Potts and Parry (1963), Kinne
(1971), Gi]]es'(1975), and Rankin & Davenport (1981) have reviewed muc@
of the modern work. Locéwood (1962, 1977), Kinne (1964), Schofftpie]s &
.
Gilles (1970), Kirschner (1979), Gilles (1982), and Mfﬂfe] &hFarmer
(1983), among ofhers, have reviewed the work on crustacea. In spite of
this 1ntere§t.~ salinity tolerance and/or osmoregulation studies of s
Arctic or Subarctic (sensu Dunbar 1968) Amphipoda are rare (eg. Busdosh
- -and Atlas 1975, Percy 1975, -Davenport—1979, Schneider 1980, Aarset and ~  —
Aunaas 1987). | '
_Although salinity in most of the Arctic and Subarctic is re]ative]f\

stable (Dunbar 1951, Treshnikov 1977}, there are important habitats,
such as that of the intertidal zone and also those within or immediately
beneat thg sea iee,nthat are characterized by widely fluctuating
.salinity (Davenport 1979, Schell 1974).

In most regions, intertidal Zones are particu]arly stressful
environmegts (Bruce 1928, Stephenson 1953, Meadows & Campbell 1972, -

Verhberg and Vernberg 1972). Intertidal zone salinities can fluctuate

dramati y~* Rain, terrestrial run-off and seepage from the  sub-soil
can cawse surface interstitial salinities on sandy beaches to fall

sharply (Reid. 1932, Emery & Foster 1948, Smith 1955): Evaporation of thg

interstitial water of exposed areas can raise surface salinity far above

c y



normal,(Emery & Foster 1948).&

The salinity of intertidal pools also fluctuates (RAankin &
Davenp%rt 1981), however, ‘the lower strata of deéper pools generally
have stable salinities (Pyefinch 1943, Davenport et al. 1980). In the
Arctic and Subnar‘ctic this stability is often lost when the release of
salts, during the formation of grease and surface ice in pools,
increases the salinity of unde;‘lying water (Ganning 1971, Davenport
1979). “

The sub-ice habitat is unique to polar and sub-polar latitudes and
offers its inhabitants fluctuating environmental salinities. The

formation and melting of sea ice causes swings in salinity in the under-

L

- jce—enviremment.—During—inttfal—freezeup, brine is expeiled from the

0

ice matrix raising the salinity near the under-ice surface (Bennington
1963, Cox & Weeks 1974). Continued growth of the ice and convective
overtu;-n in the brine channels results in a constant release of brine
(Lake & Lewis 1970, Niedrauer & Martin 1979). Schell (1974), for
example, reported under-ice salinities of up to 65.9%/00 in shallow
near-shore areas near Barrow, Alaska. In the spring, melt v;ater from
snow forces itself into the brine channel system and flushes out most of
the remaining salt (Cox & Weeks 1974). The spill of melt-water into
1eads.and holes in the ice can cause fresh water pools to form under the
ice (Hanson41965). - ¢ -
While both habitats are stressful, an abundance of food makes them

attractive to robust species. There is a large input of food into most

“intertidal zones (Dahl 1953) and the under-ice has a rich, highly



concentrated flora (Apollonio 1961, 1965, Horner & A]exander 1972) that
supports a complex food web (Grainger & Hsiao 1982)

To take advantage of either habitat, orgaﬁ%sMs must avoid, tolerate
or regu]ate against the short and long period fluctuations in sa11n1ty
that they encounter. However, litt¥e is known about the physiological
adaptations permitting arctic animals to live in these two habitats. One
way to study the aéghtatigggv neces;ary is to carry out comparative
studies on similar species that do and do not use these particular
habitats. Two such specieshére the gammarid amphipods Onisimus litoralis-

and Anonyx nugax. _ _
Onisimus litoralis is a species that makes extensive use of bd%h

habitats. It has a circumpolar distribﬁ%ﬁon (Holmquist 1965) and.is one
of

. (Qunbar 1954, Shoemaker 1955, Thoﬁggiﬁgf_é1. 1986) During the open

e most abundant intertidal amphipods in the Arctic and Subarct1c

water seasdn Nt can be found in large pumbers buried in sand and mud on
the intertidal, in tidé pools, or in shallow water close to shore .
(Duﬂbar 1954, Shoemaker 1955, Steele 196!, Thomson et al. 1986, Shea &
Marcotte in prep.)., During the ice covered. seasons it is associated
with the under-ice surface in near-shore areas (L.G.L. Ltd. 1982, Cross
& Martin 1983, Shea & Marcotte in prep.).

Anggxx pugax, on the othgr hand, is a' common Arctic and Subarctic
species that makes little, if any, use of the intertidal or sub-ice
_habitats. It has a circumpdlar . distribution agg penetrates jnt6 the
boreal regions of the.North Pacific, Skagerak, North Atlantic, and North
Sea (Stephensen 1923), In Northe;n Canada it is a nearshore benthic

4 1}
4
/
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s’pecies inhabiting depths ranging from 10 to 120 m (Dunbar 1954, Steels\’
1961). It has also been taken from depths of 1469 m just north \f the
Faeroes (Stephensen 1923). It has been taken in small numbers at the
under-jce surface (Thomsqn gt al. 1975, Cross & Martin.1983, Shea &
Marcotte in prep.) §nd rarely, and possib1§/ under special circumstances,
on beaches (Shoemaker 1955%. |

Both 'species .are abundant in Upper Frobisher Bay, providing an
opportunity for comparative ecophysiological studies. In this study
. their salinity tolerance \an& osmoregulatorfaebﬂ1t1esﬂ are compared.

L

Materials and Methods

Animal Collection )

Amphipods were collected from Upper Mrobisher Bay, 'N.W.FT., Canada
(63° 44°N, 68° 31°W). Onisimus litoralis was collected with a dip net at
the water line during a rising tide. Anonyx nugax was collected in
modified minnow traps b‘aifjed with Arctic charr heads wrapped in fine
mesh screen. The traps were set on the bottom ;t depths of 45 m to 55 m. .

Afimals were transportgd to the local laboratory in .seawater 1in
linsﬁ'lated boxes. The largest size class. (14:2 mm + 1.0 mm S.D. N;67 for
Onisimus litoralis and 38 mm + 3, mm $.D." N=50 for Anonyx nugax) of each
species was sorted into holding trays and held without food for 24 h at -
0° tC before experimeﬁtation or further shipping was uﬁert;ken.

Live ma'geria1 for the osmoregulation experiment was flown to the.

Arctic Biological Station (ABS) at Ste. " Anne-de-Bellevue, Quebec 1n

9
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. 5 \
polyethylene bags of seawater in Jinsulated containers. Total transit

&

‘ -took less than 7 h and no morta]ity,» occurred'.-

At ABS the animals were held at 1° C + 1° € and 33%/00 + 0.5%00 in

m a high-capa_cit‘y refrigerated synthetic. seawater (Instant OceanTM) re-
o ~"¥{irculation system. They were held for at Tleast 72 h before

experimentation began. Af}imals were fed frozen Afctic charr

aQ

* periodically. The ]light regime *filrlpwed that of Frobisﬁeir' Bay.
Eﬁvironmenta] conditions in the system were favorable sa‘nc;e some unused

animals became gravid 2 )months after the stqdy was completed and many

-

animals survived for more than a year.

Media Preparation.
\

Dilutions of 33%/00 artificial and natural seawater were made

using deionized‘7 water. A goncéﬁtrated Instant Ocean'™ brine was aged,
filtered and diluted with seawater or re-circulation system water to ,
produce high» salinity media. The 0%/00 medium was’ aerated d‘eionized-»
distilled water. Final values of the various salinities were measured

with an Aqtosaﬂ" 8400A salinometer.

Salinity Tolerance | - P
Effects of acute éxposure tq extremes jn salinity wére 1nvestiga’fced
for each ;pe’c"ie_s.l Groups of 1(;/animals per species were incubated in
salinities ranging from 0°%0@ to 93.5%/06 for QOnisimus litoralis and
"fro’m 10%/00 to 65%00 for Anonyx nugax. Groups were transferred directly

from normal seawater to the test medium? They were held ivithouj: food in

f’\
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compartmenta]ized trays containing 400 ml ‘of medium. Compartments were

checked for dead individﬁa]s at short intervals for the first 10 h and

then every 12 h for the duration of the experiment; Animals were

considered degd when no appendage fiovement occurred after gentle

prodding. The water was changed after 2 d. Duplicate runs were performed

‘and the results were averaged.

After examining the short term tolerance data, we investigated the

»

leng term sa]inf%y tolerance of Onisimus litoralis by exposing them to a

range of salinities from 0%o00 to 65%00 in 5900 steps and of Anonyx
nugax from 17%f0o to 52%00 in 2 to 3%00 steps. At hourly intervals

animals were transferred stepwise in groupg,pf_iq_jo their final tgit

l-ﬂ_a— '

salinity. Animals were checked every few hours for the first 24 h and .

then daily for a total of 10 d. Water was,bhanged every 2 d. The same

" criterion for death was employed and the results were treated in the

same way as above. . -

Osmoregulation 59“‘
\Changes - hemolymph osmotic pressure (mil]ioéﬁoles (m0s)) of

ranging from 0°/oo‘to_6§°/oo in approximately 5%/ o0 1ncrgpents.
Dup_h'cate or triplicate hemol:ymph samples. were taken from each of 6
animals following 1, 3, 12, 72 h and up to 2 w éxposures to each test
salinity. Anonyx nugax was treated in the same way except that
salinities ranged from 17%00 to 52°/00 in increments of 2 or 3%o00. The

osmotic pressure of each incubation medium was also determined. Animals

. Onisimys litoralis were measured during acute exposures to salinities




A

were held witédut food 1nxcompartmenta1izea trays containing 400 ml of
medium. Water was changed every 2 d during the 1long inéubatiohsWDSome of

the lanima]s died during the 72 h and 2 w exposures to extf%me
salinities. This resulted in fewer replicates or no values for some
1ncubatioﬁs. ‘ ’

_ Osmotic pressure was measured with a Biological Cryostat/Nanoliter
Osmometer;(C11ftoanephnica1-Physics); Animals were rinsed with: ,
deionized-distilled water and blotted on dry tissue. An incision was

made dorsally into fﬁe pericardial cavity and clear he&o]ymph was

collected in an alkali-free capillary pipetfte pulled to a fine point.

The—samt i i ' atfarm for ]

" measurement. Measurements fo]]owgd the method outlined in the osmometer

mandal.

[

Experiments were completed within 6 w of collecting the animals.
T Results

Salinity Tolerance 1 ‘ ‘g,\
Onisimus litoralis tolerated a much wider range of salinities than

Anonyx ﬁgggx.(Fig. 1). A1 Q. litoralis survived for 3 d over a range
from 2%00 to_ 55%/00, while 85% survived at 0%00 and 10% survived at

[

63%00 (Fig. 1A). 100% continued to survive 6 d exposures to 2900, but
10% survived at 0%00 and 63%/00 (Fig. 1B). After 10 d all survived
between 5 and 55°/00, but none survived 0%/c0. No data are available for

2%o00 (Fig. 1C). g

~

"»
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Figure 1. Salinity toleramce of Anonyx nugax (open squares) and

Onisimis litoralis

( ) salinities for, (A) 3°d (B)~6 d-and (C) 10 d. .
. “~
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Figure 2. Time course .of mortality at salinity extremes for (A) Anonyx
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' Anonyx ngg_zg had a .much narrower salinity tolerance range (Fig.’ 1),
All survwed 3d in saHnities between 22%/00 and 349/00, ° 95% survived
at 38%/00 and 90% at 44°/oo. Ali animals died’at 14%/00 "or below and

above 550/02, but 60% were alive in 500/00 seawater (Fig. 1A), After 6 d

- " the same survival as 3 d occurred except for 25% survival at 50%/o0
s ~ (Fig. '1B). A1l survived for 10 d in salinities ranging from 22% 00 to
. 33%00, 95% survived at 34%°/00, 90% at 38%/00 and 80% at 45°%00 . No

-

”,

animals su?‘v.wed at.50%00 (Fig. 1C). -
T1me course mortalities show that Anonyx nugax can to]erate 14%/00
for 6 h and 55%/00 for 12 h without .Jarge mortalities (Fig. 2A).In a

similar way, Oniejmq_g litoralis survived 3 d in deionized-distilled

water ,(0°/00) and in 68%/00 seawater for 6 h (Fig. 2B). s
. | § o v
Osmoregulation L _

The osmotic pressure of normal 32 to 339/00 Frobisher Bay seawater
is appro;(ireately 1000 mOs. The hemolymph of Aponyx nugax was
hyperosmotic to dﬂutions of norma1 seawater during the 1 and 3;2/
incubatﬂons (Fig 3A & C). After 12 h its hemolymph was 1sosmot1gt€’ﬁthe
dﬂute media_ (F1g 3E) and remained so for up to 2 w (Fig. 4A & C).

* In concentrated seawqter A. m;g_g)_g‘did not osmorééu”rate. After 3 h the
hemolymph became and remained isosmotic or bype.rosmotie to all media
(Figs. 3C & E, Fig. 4A & C). | o ¢

Onisimus litoralis regulated its hemolymph osmoi':ic pressure

.strongly during the 1 and 3 h incubations in dilute seawater. For
example, it maintained ;ij:s hemolymph more than 600 mOs higher than 288
o) - :

. ' 14
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Figure 3. Osmoregulation of Anonyx nudax (A),- (C), (E) and Onisimuys"
| Titoralis (B), ’(D),( (F) for I, 3 and 12 h ,incubations, .
, respectively. Standard deviation for each value is within the |
. ,
point except where plotted as a vertical bar. Each point is the '
C mean gf 6 1nd1vidda1s except where indicape&.
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Figure 4. Osmoregulation of Anonyx nugax (A) and (C) and Onisimus
litoralis (B) and (D) for 72 h and 2 w incubations, respective]x.
Standard deviation for each value is within the point except where
plotted as a vertical bar. Each boint is the mean of 6 individuﬁ]s

- except where indicated above the point. Labels below the point

» indicate the exposure time in days.
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m0s (;90/00) seawater (Fig. 3B & D). After 12 h in 288 mOs seawat§§ it
- hyperregulated moderately, the hemolymph osmotic pressure was more
than 300 mOs higher than the ;edium. After 72 h and 2 w it remained
more than 200 mOs higher (Fig. 4B & D). In fresh water éﬁ; species lost
osmotic pressyre faster than in other low salinity media (Fig. 3B & D).
In high salinity seawater below 1600 m0s (=50%00) the hemolymph
osmotic pressure of Onisimus litoralis became almost isosmotic to the
media after 3 h' (Fig. 3D). Above 1600 md} it became isosmotic to the
media after 12 h (Fig. 3F), anﬁ remained isosmotic or hyperosmotic to
the media for at least 2 w (Fig. 4D).
The time course of changes in hemolymph osmotic pressure of Zgggxg
ax and Onisimus litoralis incubated at Tow and high salinities %s

[ 4
shown in figure 5. The hemolymph osmotic pressure of A. nugax dropped

dramatically during 1 énd 3 h incubations in low salinities in contrast

[ ¢ e
to that of Q. ﬁétora]is. A. nugax hemolymph osmotic pressure declined by
150 mOs after 1 h and 250 mOs over 3 h in a 578 mOs (:lm medium.
In

After 12 h™~its hemolymph was Nisosmotic with the medium. parison,

th; hemolymph osmotic pressure of Q. litoralis decreased slightly after
13 .

3 h and by only 100 mOs after a 12 h jncubation in 570 mOs medium. After
12 h it-remained unchanged for up to 5 Q. In concentrated media, botB
species gained osmotic pressure at. a similar rate and became isosmotic
to the medium: A. nugax became isosmotic tJ the concentrated medium
faster than the difute medium even though the magnitude of difference
between the exposure salinity and normal sa]in%ty was larger for .the

higher salinity.

19
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Figﬁre 5. Time course of changes.in hemolymph osmotic pressure #or

Anonyx nggé& (closed circles) and Onisimus litoralis (closed }/
f squares) incubated in high and low salinities. Medium osmotic
pressures  for incubations of 0. litoralis (- - =) and A.

@\

nugax (—— =—) or both (=—e——) are plotted. Standard deviation
for each value is within the point except where plotted as a

vertical bar. Each point is the mean of 6 individuals except where

e indicated. )
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Discussion -

Y Onisimus litoralis and AﬂZﬂxx pugax have markedﬁy different

salinity tolerances. 0. litoralis is a euryhaline species. It survives

with no mortality in 5 to 55%00 over 10 d incubations. In contrast, A.
nugax is a more stenohaline species which survives 10 d exposures to a
range from 23 to 45%o0 yithout large mortality.

The salinity tolerances of QOpisimus litoralis and Anonyx nggéx from
Barrow, Alaska (Schneider—1980) are similar to the results presented
here. In the A1a;kan study 0. litoralis survived well in sa]inifies of
5%/00 or 10%00 to 65%°00 and A. nugax from 2000 to 50°/00 dur;ng a
shorter, 96 h incubation. Schneider (1980) di& not conduct a study of
osmoregulatory ab21ity.

Crustacea respond ghysio]ogica]]y to chaCSE; in environmental

salinities in 3 basic ways (Lockwood 1962). Osmdoconformers do not

ki

reguTate their hemolymph osmotic pressure, it remains isosmotic to the

medium over the tolerated salinity range. Hyperosmotic regulators
maintain the?i blood osmotic pressufe higher than dilute media and at

Teast isosmotié to high salinities. Hypo-hyperosmotic regulators, which

are the most advanced forms, maintain hemolymph hyperosmotic to dilute

media and hypo-osmotic to concentrated salinities.
Onisimus litoralis hyperregulates strongly ovér 3 h and maintains

moderate hyperosmotic -regulation over 2 w incubations in dilute

seawater. In concentrated saéwater below 1600 mOs (~50°/00) it- becomes

almost isosmotic within 3 h. After 12 h it .is isosmotic to all

v
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concentrated media. In contrast, 9ngnxx nugax'hyperregu1§¥es weakly over

1 and— 3 h incubations in i]uge'\seawater and osmoconforms to
concentrated media. It is isosmotic to concentrated seawaterlwithin 3 h.
It becomes isosmotic to diTute media after 12 h and remains as such for
2 w. - )

The physio1ogiqa1 mechanisms involved in hemo]ymph osmoregulation
involve specialized functions and adaptationz of-gills, gut and
excretory organs (Mantel and Farmer 1983, for tgview). Onisimus

litoralis, and to a lesser extent Anonyx nugax, in dzgfte media must .

®©

undergo physiological change. To osmoregu]afe they m reduce their
permeabilities to the osmotic inflow of water and loss -of inorganic
ions, and increase urine production and active transport uptake of
salts. |

Some crustacea also depend on food as a source of ions for
osmoregulation and starvation may result in- a fa]ljﬁrl blood"
osmoconcentration (Krogh 1939, Lockwood 1962). Onisimus litdralis will
follow the water line scavenging for anything that has died or is able
to be caught (MacGinitie 1955, Holmquist 1965, pers. obs.) obtaining an
.a1mos£ constant supply of food. HoweJer, it cannot §fore food in its gut
for extendéd periods of time (Sainte-Marie & Shea in prep.). The animals
were .not fed during the incubations and tﬁérefore s}arvation may have
lowered their ability to osmoregulate. On the other hand, Anonyx nugax
*“_has the ability to store food and use it at a slower rate. It stores and
dige\ts food for up to 15 d or more (Sainte-Marie & Percy subm1tted) and

could use this food as a long term source of ijons. However, food
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depr?ved A. nugax do not osmoregulate better than the starving Q.
litoralis over any incubafion-length tested.

| As shown here, euryhaline invertebrates, whether regulators or not,
can withstand large swings in hemo]ymph,osh;tic pressure. In-such cases
the to]e*ance range of the animal is dictated‘by the ability of the

tissue to adjust or tolerate tissue yater volume (Gilles 1979 for

review). The tissuds of Anonyx nugax and Qﬂigimg§ litoralis are able to

withstand or regulate against at Teast 750 mOs and 1300 mOs swings, -

respectively, in their hemolymph osmotic pressure for extended periods.

Aarset -and Aunaas (1987) showed that thelunder-ice amphipod
Onisimus glacialis, a sbecias very closely related to Q. litoralis, is a
"highly efficient osmoregulator"., It maintains hemo1ymph osmotic
pressure constant over a range of seawater dilutions. After 24 h in
approximately 6%/00 seawater it maintained 1its hemolymph more than
700 mOs hypenpsmotic to the ‘medium. In comparison, Q. litoralis in
approximately 56/00 seawater could maintain only a 300 mOs difference
from the medium after half as long an incubation. v

0qr unpublished salinity tolerance da%e for Qnisimus g!égjgljg show
thét this species can tolerate the samé wide salinity range as Qni%imgg
litoralis. Since these species have the same sa1in1ty‘to1erances bﬁt
hyperregulate yith different efficiencies, it is 1likely that tiisue
water volume regulation and/or tolerance is very different in each of
them. This requf?es further investigation which may also provide useful
information to taxonomists concerning physiolodical diffgrences between

-

the Onhisimus species.
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Behavioral responses are important to survival in environments with
fluctuating salinity (Davenport 1985). Both Anonyx nugax and Onisimus
litoralis survive brief exposures to salinities that will eventually
ki1l them. In the wild they may‘be able to escape abruﬁi change§ in
salinity by moving to less osmqtica1fy stressful areas or by burrowing
into environmentally stable substrate.

The burrowing behavﬂor observed in both speciés (Sainte-Marie &
Shea dn.prep.) could be uéefu] in regulating hemolymph o;mofic pressure

during salinity fluctuatipns. Interstitial water salinities of exposed

intertidal flats or estuaries usually change slowly even when the
overlying water is fresh (Reid 1930, 1932, Kinne 1971, Shea & Marcotte
1n. prep.). During osmotically stressful periods either species could
ensure a more stable hemolymph osmotic pressure by burrowing into the
substrate to take advantage of the less variab]e sa]inity

The distribution of each spec1es ref]ects 1ts physiological
abilities to respond to salinity fluctuations. The abq11ty of Onisimus
litoralis to hyperregu]ate strongly for up to 3 h relates well to its
distribution in ‘the intertidal zone of Upper Frobisher Bay. It follows
the ebb tide to the lower areas of the intertidal zone and then may dig
into the sand or mﬁd, remain in tidal pogls or stay in the shallow sub-
tidal zone until the tide starts to come back in (Shea & Marcotte in
prep.). Its use of thé mid and Tower intertd{dal zone ensures that it
will on]y be exposed to fluctuations in salinity '%:} short 'periods
whether buried or free swimming. Q. 11;grglig can tolerate high and Tow
salinitieslfor exténded periods of up to at least 10 d. This ability ma}

&
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be critical wheh the species is stranded in tidal pools or during freeze
up and melt periods. _ '

The ability of}Ogjsjmgg litoralis to increase its osmotic pressure
and remain isosmotic or slightly hyperoshotic to concentrated -seawater
reflects its ability to survive in intertidal pools when they freeze
over (Shea & Marcotte in prep.). The formation of ice in tide pools is
1in§éd with decreasing temper;ture and inc}easing sa]inizy. Therefore,
the physié]ogica] mechanism observed ensures that trapped individuals
will not freeze since the freezing point depression of hemolymph will
always be at least as great as that of the environment. -

In Upper Frobisher Bay, Anonyx pugax lives subtidally (Shea &
Marcotte in Brep.) in stable salinities of 32%/00 to 34900 (Lovrity
1984): Its narrower salinity ;o]erancé spectrum and weak osmoregulatory
ability relate weli to its observed distégbution. It could however,
withstand some of the fluctuations that it would encounter in 1£s
sporadic occurrences on beaches and under the ice. However, these would
have to be mild and brief sq]inity shifts. Otﬁerwise, the 'species’
physiolegical limitations should exclude it from these environments. The
sudden and drastic changes in salinity which can occur in thg Upper
fFrobisher Baiiintertida1 zone seem to account for the total lack of A.
nugax in that habitat (Shea & Marcotte in prep.). &

Some mobile intertidal organisms which can withstand fluctuations
in sa]tni}y can take advantage of the under-ice environment. from
distributional studies (L.G.L. Ltd. 1982, .Cross & Martin 1983, Shea &

Marcotte in prep.) we expect Onisimus litoralis to be well adapted to
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Tife under the ice. The data presented here configm that it is
physiologically capable of withstanding most of the 6smoti§ stressés of
that environmept: Anonyx pugax however, does not apﬂear under the ice in
Upper Frobisher Bay in large numbers (Shea &MMarcotte in ﬁ}ep.) o; in
othertlocqtions (%Bomson et al. 1975, Cross & Martin 1983). This could .
be a result of factors other than osmotic stresl since it can tolerate
the moderate swings in salinity which would occur during slow|ice
growth. One explanatiog may be that its fogd is not available. Although
* A. pugax specimens taken‘from the under—ice had diatoms in their gﬁts
(Thomson et al. 1975), tbe carrion and polychaetes upon which it usually
feeds (Sainte-Marie & Lamgrche 1985) are not present. Alternatively, it
may not negotiate the 20 m or so fromjthe sea floor to the under-ice
surface, whereas Onisimus litoralis readily spreads out on to the under-
ice surface from the littoral zone. However, in any cagé, during freeze-
up and periods of quick ice growth or melt, A. nugax mu;E{be excluded
from the under-ice gnvironment by its inability to tolerate salinity

extremes.
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