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v _ [ 

-' The gammarid a~mphlpod OnisirtlUs J.jtoralis, which i,~habits the,~rètic,' 
\ èJ.. ' 

, \ 

and Subarct ici nt~rt i da 1 zone and under- i ce envi ronment, i s a eUt'yha 1 i,ne ,2 , ::<~o 

hyperosmotic regulator.o'It survives la" dLexposures t~ salinities.,frb~ 5, .,'/:,:' 
- - ,... ..' •• /, C'-_ 

• to 55%
0, It exh,ibits strong hyperregulation of its hemolymph< osmotic ':~"' 

-,> 
, ' " 

pressure during 3 h exposures to dilution~ of normal seawater and 
, . 

• A 

remains hyperosmotic to these me,dia for at least 2. w. It becomes alnlOst 
) , ' 

,,' ........y- isosmotic to higher th,an normal sallnity seaw~ter up 'to 1600 mDs 

{. 

( 

l' c 
1 

c 

'l • ~ • 

(=50%0) after exposures 'of 3 h. After 12 h exposures to Any saUnity 

above ,.normal seawater, it 1s isosmotic to the'media. Anonyx'lnu~a~, a 

géJmmarid inhabiting the Arctic and Subarctic subtidal zone, is a more 
, 1 

stenohal ine' osmoconform~r. It tolerates a sal init,Y. range From 23 to 
'" 

45~/.OO without significant.mortality. Its h70lymPh \becomes fsqsm,~tic t~. 

a11 dilute salinities withirT its tolerance range after 12 h and 

Yosmoconforms to concentrated media' after'3 h. The salinity tolerance'and ... -. J 

\ ". 

1 
/ 

osmoregulato~y abilities of the 2 species',relate to the animals' 

observed distributions. 
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Résumé 
~ 

." ~ 
L'Amphipode gammaridièn Onisimys 1 j tors] i s, qui cO'6n1 se 

1 ' i ntert i da l et ~ a surface j nfér'; eure de l~" 9 l àce de'S ;zones ~rct i ques .. et 

subarctiques, est un, régûlateur _hyperosmot1que euryhalin. Il s4rvit. à 
, , 

une incubation de 10 jours dans des salinités de 5 à 55%0. Il· démontre-
~ - ' 

un{! hyperrégulation"forte de sa pression osmotique d'hémolymph-e pendant 
~ 

"'" 

-

3 heu'res dans des salinités diluées 'e-t reste hyperosmotique dans ces ~ 

~ salinités pendant au mo~ns 2 semaines. Il devient presqu'isosmotique aux 

#' 

~ ~ 

salinités élevées jusqu'à I~OO mOs (=50%0) après une incubation de 3 

heures. Après 12 heures d'"in<!ubation aux salinités plus élevées qu,e la·-
", ~ , q t f '" 

norltlale il es"t -au. moins isosmotique au mil~e,u. Anonyx nygijX, un 

gammarid1en de l'infralittoral des zones arctiques et subar~tiques~ est 

~n conformeur osmotique plus sténoha1in. Il tolére des salinités de 23 à 
0. 1 • 

45°/00 s'ans môrtalité sWn'ificativ,e. -Après 12 heur~s, sdn hémo1ymphe 

devient isosmot·ique aux salinité's diluées et dans les mil'ieux concentrés 

. e il e ~ conforme a~rès 3 beures.· Les capacités osmorégüi atri ce~ {~ 2 

espè~i sont appropriées à ,leurs aires de dist~ibution respect{~es. 
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Concerning thesis format 

Preface 
~. 

• 0< 

.. -t;"': 
o -

. \ -' Th i s theJi s has been prep~red as a paper wft i ch has b~en submit ted 
~ . . 

to the journal "Marine Ecology-Ptogress Series". 

, Statement of contribution to co-authorship r 

" Dr. Jènath~n A. Percy, '0 the candidate' s . Research Supervi sor at the 

, Ar-ct: . -1_Statipn, appears as second \Uthor on the manuscr1pt . 
~ 

• Hi~ contr bution-to this work was equivalent to tne normal supe~v1sion 

~d aqvic -given py a thesis director. ~ 

, . 
Statement of Contribution' to Original Knowledge 

\1.. .' , 

'\ 

To y knowledge and that of my thesis committee the'work presented 
~ , ~ 

f-
i s tfle oflly study of the osmorêgul atory capacit ies of the gammar1.d 

"-
mphipods Onisimus litoralis and Anonyx.D.lJ9M. It, 15 the only ~udy of' 

'. 

arcti~ amphiPofS which used a wide range of salinities including both . .' 
dilutiolJs and concentrations' of normal seaw~ter and a large number of 

re'plicàtes in each salinity.- It is also the/most extensive sal1n1ty 
'-\ ~ 

tolerance study of the 2 species. Schneider's (1980) (see l1terature . ' 

Cited) unpublished' salinity tolerance study of these and other .,.c 
, . 

i nvertebr;ates was conducted over a shor,ter 96 h durat 1 on 0 us 1 ng 1 ess 

salinities and no replicates. He did not study thè,osmoregulatory 
~ 1 11 .. 

abilities of his subjects . 
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Abstrae:t 
" . . - . 

, 

'" . 

1" 
o 

o 

The gammarid amphjpod OnisimyS Jitgral1s, which inhabits the ArctiF 
• < 

J~~d Subarctic intertidal rone and under-ice.environment, is a euryhaline 
.' -

hyperosmotic regulator. It survives 10 d exposures-to sal1n1tie~om 5 

to 55%0. It exhibits strong--hype.rr~iulation of its hemolymph osmotic 

pressure during 3 h exposure~ to dilutions bf normal seawater ~nd 

~mains hyperosmotic·to these media'for at least ? w. It beco~es almost 

'isosmotic to higher than ~ormait~,~alinit{ -seawater up to 1600 mOs 

(=50%0) after exposures of 3 h. lfter 12 h exposures to any salinity 
- " , 
. a~o~~. normal seawater, it is isosmotic ta the media. Anonyx nugax, à 

~ ~-- • 0 

~ 9ainrÎ1ari~habiting the Arctic and Subarctic fubttdal zone, 1s a more 

st"enohal"il osmoconformer. It tol,erates il sàl inity range from 23 to -

45%0 without significant mortaltty. Its hemolymph becomes isosmotic to 

all dil ute sal inities with1 n its tolerance ra" after 12 h and 
o ' 

osmoconforms ta cancentrated media after 3 h. The salin1ty tolerance and 
., 

oS,moregulatory abilities of the 2 species relate to the animals' 

observed distributions. 
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Introduction 

The osmoregulatory abilities of aquatic animals are the subject of a 
1 

large body of literature. Krogh (1939) reviewed early studies in this 
,1 

field. Several other authors, including, Potts and Par.ry (1963), Kinne 

(1971), Gilles t (1975), and Rankin & Davenport (1981) have reviewed much , 
of the moder~ work. LOC~W~Od (1962, 1977), Kinne ()964), SChoffc,iels & 

Gilles (1970), Kirschner (1979), Gilles (1982), and Mantel & Fârmer 
------ > 

(1983), among others, have reviewed the work on crustaeea. In spite of 

this interest, salinity tolerance and/or osmoregulation studies of 

Aretic or Subarctie (~ Dunbar 1968) Amphipoda are rare (eg. Busdosh 
, 

-and At-l-as -1975-, -Perey 1975,- Davenport 1979, -schnetcter- 1980, - A-arset -anrr---- -

Aunaas 1987). 

_Although salinity in most of the Arctic and Subarctie is relatively 

stabl e (Dunbar 1951, Treshni kov 1977), there are importan~ habi tats, 

sueh as that of the intertidal zone and also those within or immediately 

benë~ the sea ice, that are eharaeterized by widely fluctuating 
li 

,sal in1ty (Davenport 1979, Schell 1974). 

In most regions, intertidal ·zones are ~artieularly stressful 

environments (Bruce 1928, Stephenson 1953, Meadows & Campbel] 1972,­

Vernberg and Vernberg 1972). Intertidal zone sal ini\ies can fluctuate 

dramat~.r:· Rain, terrestrial run-off and seepage from t.he .sub-soil 

can c~se surface interstit,ial salinities on sandy beaches to fall 

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

int~rstitial water of exposed areas can raise surface salinity far above 

3 
o 
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ft 
norm~(Emery & Foster 1948). 

The sal inity of intertidal pools also fluctuates (Rankin & 
~ -

Oavenport 1981), however, "the lower strata of deeper pools generally 

have stable, salinities (Pyefinch 1943, Davenport et al. 1980). In the 

Arcti c and Subarcti c thi s stabili ty i s often lost when the rel ease of 

salts" during the formation of grease and surface ice in pools, 
. 

increases the sa,linity of underlying water, (Ganning 1971, Davenport 

1979). 

The sub-ice habitat is uniq~e to polar and sub-polar latitudes ând 

offers its inhabitants fluctuating envi.ronmenti-' salinit1es. The 

formation and melting of sea ice causes sWings 1n salinity 1n the under­

; ce env i ronment. Dur;"9 ; nit; al fr eeze up, br1 ne 15 expe 11 ed from the 

ice matrix raising the salinity near the under-ice surface (Bennington 

1963, Cox & Weeks 1974). Continued growth of the ice' and-convective 

overturn in the brine channel s results in a constant release of br1ne 

(Lake & Lewi s 1970, Ni edrauer & Mart 1 n 1979). Sche 11 (1974), for 

example, reported und-er-ice salinities of up ta 65.90/00 1n shallow 

near-shore areas near Barrow, Alaska. In the spring, melt water ,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 

'ead~an~ holes in the ice can cause fresh water pools to form under the 

ice(HansonI965). !' .. 

While'both habitats are stressful, an abundance of food makes them 
o 

attractivé to robust species. There is a l~rge input of food into most 

intertidal zones (Dahl 1953) and the under-ice has a r1ch, h1ghly 

4 
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concentrated f10ra (Apollonio 1961, 1965, Horner & Alexander 1972) that 

supports a comp1ex food web (Grainger & Hsiao 1982). 

To take advantage of either habitat, .organ~ s~s must avoid, to1erate 

or regu1ate against the short and long period fluctuations in sa1inity , 
( 

i, that they encounter. However, litt'e is known about. th,~ physio10gica1 

adaptations permitting arctic anima1s to live in these two habitats. One 

\ 

J 

~ 

way to st~h~ ad~pJa.tions necessary is to carry out comparative ., 

studies on s\milar speci"eg t,hat do and do not, use these particular 
. 

habitats. Two such species are the gammarid amphipods Onisimus litoralis' 

and Anonvx nY9]!. 
fil 

Onisimus litora1is is a species that makes extensive use of both 

ts. It has a circumpo1ar distrib ion (Holmquist 1965) and, is one 
? • . 

e most abundant intertidal amphipods in the Arctic and Subarctic 

,( unbar 1954, Shoemak;r-1955, Tho~a1. 1986). During the open 
, 

water season 'i t can be found in 1 arge ,Dumbers buried 1 n sand and mud on 

the intertidal, in tidè pools, or in shallow water close to shore 

(Du.nbar 19,54, Shoemaker 1955, Steele 196~, Thomson et al. 1986, Shea & 

Marcotte in prep.): During the ice covered seasbns it is associated 

with the under-ice surface in near-shore areas ~.G.L. Ltd. 1982, Cross 

& Martin 1983, Shea & M~rcotte in prep.). 

Anonyx n.Y.9,ll, on the other hand, i sa' eommon Aret i e' and Subarct i e , 

species that makes little, if any, use of the intertidal or sub-lce 

habitats. It has a circumpolar ,distribution and penetrates into the 
fi ' 

boreal regions of the.North Pacifie, Skagerak, North Atlantic, ~nd North 

Sea (Stephensen 1923). In Northern Canada it i s a nearshore benthic 

5 
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species inhabiting depths ranging from 10 to 120 m (Ounb~r 1954, Steel~ 

1961). It has al so been taken from depths of 1469 m just north 'f the 

Faeroes (Stephensen 1923). It has been taken in small nunibers at the 
t. 0 

under-lce surface (Thomson et al. 1975, Cross & Martin ,1983, Shea &. 
r 

and possibly under special circumstances, Marcotte in prep.) and rarely, 
~ 

on beaches (Shoemaker 1955'. 
f 

Both speci es .are abundant in Upper Frobisher Bay, providing an 

opportunity for comparative ecophysiologi,ca'l studies. 
, 

In this study 

. their salinity tolerance and osmoregùlatory'~bllities are compared. 

d' 

Materials and Methods 

Animal Collection 

Amphipods were collected from Upper tarobisher Bay~ "N.W. T., Canada 
, û 

(630 44'N, 680 31'W). Onisimus ]itoralis was colleèted with a dip net ât 
. , 

the water 1 i ne dur; ng a ri si ng t i de. Anogyx .D.llilM was coll ected in 

motH fi ed mi nnow traps ba i ted wi th Arct i c charr heads wrapped 1 n fi ne 

mesh sereen. The tràps were set on the bottom at depths of 45 m to 55 m. 

Animals were transported to the local laboratory in .seawater 1n 

insulated boxes. The largest size class· (l4.2 mm ± 1.0 mm S.O. N-67 for 
, 

Onisimus litoralis and 38 mm ± 3, mm S.D." 'N-SO for 8nonyx D.Y9,M) of each 

'speeies was sorted into holding tr~ys an~ held wHhout food for 24 h at 

00 C before experimentation or further shipping was undertaken. 

Live ma~erial for the osmorègulation experiment was flown to the. 
r 

Arctic Biological' Station (ABS)? a~ Ste •. Anne-de-Bellevue, Queoec in 

6 
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polyethyl ene bags of seawater in Jnsul~ted containers. Total transit 

Il 

.. took less than 7 h and no mortalit~,., occurred.· 
, 

~a 
At ABS the ~nimals were held at' 1° C + 1° C and 33%0 + 0.5%0 1.n . - -

high"capa,city refrigerated synthetic, seawater (Instant' Ocean™) r~-

',' ~"'~"~1rcùl ation system. They were h'eld for at lent 72 h before . 
e~perimentation began. Animals were fed frozen Afctic charr 

"per10dicall'y. Th~ J,ight regime Tollowed that of Frobisher Bay. 
Â' 

Environmental conditions in the system were favorable since some unused . , 

animal s became gravid 2 Jmonths after the study was compl eted and many 

animals survived for more than a year. 

~edia Preparation. , 
Dilutions of 33%0 artificial and natural seawater were made 

g 

using dei onized water. A çonc~ntrated Instant Ocean ™ brine was aged, 

filtered and diluted with seawater or re-circulation system wa-ter to 
, \ 

produce high. salinity media. The 0%0 medium was aerated deionized-

dJstilled water. Final values of the various salinities were measured 

with an Autosal™ 8400A salinometer. 

Sa11nity Tolerance 

Effects of acute èxposure t~ extremes ~n sa11nity wère investiga~ed ,. 
for each specie~. Groups of 10 animals per species were incubated in 

sal1nities ranging from 0%0 _to ~3.S%o for Onisimys 1 itoral is afid 

'fr~m 100/00 ta 65%0 fO,r Anonyx~. Groups were tr~nsferred directly 

from normal seawater to the test medium.' They were held without food in 
("--

f, 
1 



o 

compartmentalized trays containing 400 ml 'of medium. Compartments were . 
checked for dead individuals at short intervals for the first 10 h and 

then every 12 h for the duration of the experiment. Animal s were 

cons idered dead when no appendage 'ffiovement, occurred a fter gent1 e , 

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

and the results were averaged. 

After examining the short term tolerance data, we investigated the 

1OO-g term salintty tolerance of Onisimus litoralis by exposing-thef\l to a_ 
, , 

range of salinities from 00/00 to 650/00 in 50/00 st~ps and of Anonyx 

(? nugax from 170/0~ to ..520/00 in 2 ta 30/00, steps. At hourly iptervals 
", 

animal s were transferred stepwi se i n group~ 9LIO __ to theiX fina'!....!l'---.!!t~es ...... t'-__ --I 

salinity. Animals were checked every few ho~rs for the f1rst 24 h and, 

then daily for a total of lQ d. Water was ,changed every 2 d. The same 

criteri on for death was emp l oyed and the results were treated in the 

~ame way a~ above. 

Osmoregul ation 

\ \ Changes m-hemolymph osmotic pressure (mlll1osmoles (mOs)) of 

-. Onisimus litoralis were measured during acute exposures ~o sal1nit1es,,' 

rangi ng from 00 
/00 to 65 0/00 in approxi mately 50 /00 i "crements. 

1 -, • • • 

Duplicate or triplicate he,,!olymph samples. were taken From eacb pf 6 

anim~ls ,following 1, 3, 12, 72 h and up to 2 w exposures ta each test 

sal1nity. Anonyx nugax ~as treated in the sama \'(ay except that 
'. 

saliniti'e's ranged 'from 170/00 to 52%0 1n increments of 2 or 30/00. The 
1 

osmotic pressure ~f each incubation medium was a1so determ1ned. An1mals 

8 
• ? 



( 

. , 
J ... 

were h~ld with6ut food in ~compartmental ized trays containing 400 ml of 

medium. Water was changed every 2 d during the lQng incubations. Sorne of . . 
<èt 

the : ani ma 1 s di ed duri ng the 72 h an.d 2 w exposures -to extreme 

salinities. This .resulted in fewer replicates or no values for some 

incubations. 

Osmotic pressure was measured with a Biological Cryostat/Nanoliter 
.; . 

Osmometer~.<CHfton1Te.chnical ·Physics). Animals were rinsed with' 

de10n1zed-distilled water and blotted on dry tissue. An incision was 

made dorsally into the pericardial cavity ~nd clear hemolymph was 

collected in an alkali-free capillary pipette pulled to a fi"ne point. 

he sampl e was t,'ansferTed immediately" ta the osmometer pl atfarm for 

. measurement. Measurements followed the method outl ined in the osmometer 

manl!lal. 

Exper1ments were completed within 6 w of collect1ng the ani~als. 

Results 

SaHnity Tolerance ..... 

Qn1simu~ litoralis tolerated. a much wider range of salinities than 

Anonyx ~.(Fig. 1). All Q. litoralis survived for 3 d ov~r a range 
, . 

from 2°;00 to.55° /00, wh il e 85% survived at 0°/00 and 10% survived at 

63%0 (Fig. lA). 100% continued to survive 6 d exposures to 2%0, but 

10% suryived at 0%0 and 63%0 (Fi~. 1B).- Aftêr 10,'a all survived 

between 5 and 55%0, but none survived 0%0. No data are available for . 
2%0 (Fig. 1C). 
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Figure 1. Salinity tolera~ce of Anonyx nugax (open squares) and 

'Onis'm"s litoralis 

'sal initi~'{ for~ (A) 3~-«nd (C) 10 d. 
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Figuré 2. Time course ,of mortal ity at sa11n1ty extremes for (A) Anonvx 
. ! 

: 

nugax (B) Oni sjmys 11toralis. Exposure sa11n1ty (%o) 1nd1cated 
r 

adj acent to cu.rves. 
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Anonyx IlY.9.SX h ad a .much n,rrower sali n i ty to l eranee range (F 19:" 1) • 
- - . 

Al1 'survi~~d 3 d in sa11niti~s between 22% 0' and 34% 0,"95% survived 
'k- F ~ 

at 380/00 anq 90% at 440/00. Ali animals died 1 at 140/00' or below and 

above 55%0, but 60% were alive in 500/00 seawater (Fig. lA). After. 6 d 
Q , ___ 1 

~ ri 

the same survival as 3 d oceurred exeept for 25% survival at 50% 0 • " ~ ." 

(Fig. lB). A11 survived for la d in sa1inities ranging from 22°/00 to 
, I;J 

330/00, 95% survived at 34%0, 90% at 380/00 and 80% at 450/00 . No 

~nima1s surv~yed at,50o/00 (Fig. lC). 
l;> 

'Time course morta1ities show that Anonyx nY9JX can'to1erate 14%0 , . 

for 6 h and 55%0 fo~ 12 h without .large mortalities (Fig. 2A).In a 
-~~~-~......: 

simi1ar way, Onisjm~ litoralis survived 3 d in deionized-dist1l1ed 

water~(O%o) and in 68%0 seawater for 6 h (Fig. 2B). 

f, 
, L 

Osmor,egul ation _ 

Jhe osmotic pressur~ of normal 32 to 33%0 Frobisher Bay'seawater 

1-5 approximately 1000 mOs. The hemolympo of Anonyx nY9Bx was 
11) 

hyp~rosm~tic to dilutions of normal seawater during the l and 3~' 

incubatrions (Fig. ~À &- C). After 12 h its hemolym,h was i'sosmoti~.~he 

di1ut~ media. (Fig. 3E) and remained so f~r up to 2 w (Fig. 4A &, C) . 

., ln, con'centrated seaw~ter A. ~ did not osmoréglClate. After 3 h the . 
hemolyrnp~ becarne and rernained isosrnotic or byperosmotic to a11 media 0 

~ 

(Figs. 3e & E, Fig. 4A & Cl. 
On'isimus litqralis r-egulated it$ hemolymph osmotie pressure 

strong1y during the land 3 h incubations in d11ute seawater. For 

example, it maintained i~s hemolymph more ,th an 600 mOs h~gher than 288 
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Figure 3. Osmoregul at ion Anonyx ~ (A),. (C), (E) and Onisimys-

/ 

-
respectively. Standard deviation for each value is within the , 
point exeept where plotted ,as a vertkal bar.' Each point is the 

. 
mean of 6 1ndividuals except where indicated. 
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Figure 4. Osmoregulation of Anonyx nugax (A) and (C) and Onisimus 

litoralis (8) and (D) for 72 h and 2 w incubations, respectively. 

Standard deviation for each value is within the point except where 

~lotted as a Vertical bar. Each point is the mean of 6 individuals 

except where indicated above the point. Labels below the point 

}';) i ndi cate the exposure time in days. 
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mOs (:90/oo) seawater (Fig. 38 & D). After 12 h in 288 mas seawat~ it 

- hyperregul ated moderately, the hemolymph osmot ie pressure was more 
". 

than 300 mOs higher than the medium. After 72 h and 2 w it remained 

more th an 200 mOs higher (Fig. 48 & D). In fresh water ?h~ species lost 

osmotic pres~re faster than in other low salinity media (Fig. 38 & D). 

In high salinity seawater below 1600 mOs (:50% o) the hemolymph 

osmotic pr.essure of Onisimus litoralis became almost isosmotic to the 

media ~fter 3 h (Fig. 3D). Above 1600 ma) it beeame isosmotic to the 

media aftêr;- 12 h (Fig. 3F), and remained isosmotic or hyperosmotic to 
'------~-~ 

the medi~ for at least 2 w (Fig. 4D). 
1 

The time course of changef in hemolymph osmotic pressure of Anonyx 

~ and, Onisimu, 1 itorali; incubated at low and high salinities 1s 

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

dramatically during 1 and 3 h incubations in low salinities in eontrast 

to th:t of Q. ~oralis.Î'A. nuga"x hemolymph osmd'bie pressure declined by 

150 mas after 1 h and 250 mas over 3 h in a 578 mas (:19\.10&\ medium. 

A-fter 1'2 h 'its hemolymph was 'isosmotic w·ith the medium. In ~par.ison, 
the hemolymph osmotic pressure of Q. litoralis decreased slightly after 

3 h and by only 100 mOs after a 12 h incubation in 570 mOs medium. After 
\ . - , \, 

12 h it'--f.!emai·ned unchanged for up to 2 w. In concentrated media, both 

species gained osmotic pressùre at a similar rate and beeame isosmotic . . 
to the medium. 8. nugax becàme isosmotic to the concentrated medium 

faster than the dilute medium even though the magnitude of difference 
\ 

b~tween the exposure salini,.ty and normal salinity was larger for ,the 

higher salinity. 
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Fig/ure 5. lime course of changes _ in hemolymph osmotic pressure tor 

, 

Anonvx nygax (closed circles) and Unjsimys litoralis (closed 

squares) 1ncubated in h1gh and low salinities. Medium osmotic 

pressures for incubations of Q. litora11s (- - -) and A. 

nugax (- -) or both (---) are plotted. Standard deviation 

for each value 15 within the point except where plotted as a 
.' 

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

indicated. 
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Discussion • 

., Onisimus litoralis and ~ nygax have marked'ly different 

salinity tolerances. Q. litora]js is ,a euryhaline species. It survives 

with no mortality in 5 to 55%0 over 10 d incubations. In contrast, A. 
nugax is a more stenohaline species which survives 10 d exposures to a 

range from 23 to 450/00 without large mortâlity. 
" 

The salinity tolerances of Onisimys ]jtotaJ1s and Anonyx nY9iX from 

Barrow, Al~ska ~schne~1980) are similar to the results pr~sented 

here. In the Alaskan studY Q. litoralis survived well in salfnitfes of 

~ 50/00 or 100/00 to 65% 0 and A. nugax from 200/00 ta 500/00 during a 

.shorter, 96 h incubation. Schneider (1980) did not conduct a study of 
~ 

osmoregulatoryability. 

Crustacea respond ehysiologically to charg:s in environmental '~ 

salinities in 3 basic ways (Lockwood 1962). ~m~conformers do not 

regulate their hemolymph osmotic pressur~, it remains 1sosmotic to the 

medium over the tolerated salinity range. Hyperosmotic regufator~ 

maintain thefr blood osmotic pres~ure htgher than dilute m~d1a and at 

least isosmotic to high salinities.' Hypo-hyperosmotic regulators, which 

are the most ad'véinced forms, maintain hemolymph hyperosmot1c to dilute 

media and hypo-osmotic to concentrated salinities. 

Onisimus litoralis hyperregulates strongly ovèr 3 h and maintains 

moderate hyperosmotic ,regulation over 2 w incubations in dilute 

seawater. In concentrated se.awater below 1600 mas (=500/oo) ft- becomes 

almost' isosmotic within 3 h. After 12 h it .,is 1sosmotfc to a11 
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concentrated media. In c:ntrast. n n x nY9AX'hYP~rregUl~S We~klY over 

1 and 3 h incubat 1 ons in il ute ,seawater and osmoconforms to .. ' 

concentrated media. It 1s isosmotic to concentrated seawater within 3 h. 

It becomes isosmotic to dilute media after '12 h and remains as such for 
<;, 

2 w. 

The physiological mechanisms involved in hemolymph osmoregulation 
'>-

involve specialized functions and adaptations of-gills, gut and 

excretory organs (Mantel and Farmer 1983, for ~~vi e,w). On i s imus 

} itora lis, and to a l esser extent Anonyx nugax, in dirute medi a must 

undergo physiological change. To osmoregu1ate they m~ reduce their 

permeabilities to the osmotic inf10w of water and 1055 -of inorganic 

ions, and increase urine ~roduction and active transport uptake of 

salts. 

Sorne crustacea a1so depend on food as a source of ions f.or 

osmoregu1ation and starvation may resu1t in- a fall ~n blooa' 

osmoconcentration (Krogh 1939, Lockwood 1962). Onisimus 1it"jra1is will 

fo11ow the water 1ine scavenging for anything that has died or is able 

to be ~aught (MacGinitie 1955, Holmquist 1965, peri. obs.) obtaj~ing an 

,almost constant suppl y of food. However, it cannot store food in its gut 

for ex~ended periods of time (Sainte-Marie & Shea in prep.). The anima1s 

were ,not fed duri ng the i ncubat i ons and th~refore starvat ion may have .. 
lowered their abi1ity to osmoregulate. On the other hand, Anonyx ~ 

has the ability to store food and ,use it at a slower rate. It stores and __ A 

dig~ts food for up to 15 d or more (Sainte-Marie & Percy submitted) and 

cou1d use this food as a long term source of ions. However, food 

-
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depr"i ved A. nugax do not osmoregul ate better than the ;tarvi ng 11. 

litoralis over any incubation'length tested . 

As shown hare, euryhaline invertebrates, whether regulators or not, 
, 

can withstand large swings in hemolymph/osm~t1c pressure, In-such cases 

the talerance range of the animal is dictated l by the ability of the 

tissue to adjust or to,l erate tissue water volume (Gi 11 es 1979 for 
\r. 

review). The tissu~s of Anonyx nugax and Onis~mus ljtQra11s are able ta 

• withstand or regulate against at least 750 mOs and 1300 mOs swings,h. 1 
respectively, in their hemolymph osmotic pressure for-extended per1~ds. 

Aarset ,and Aunaas (1987) showed that the under- i ce amphi pod 

Onisimus glacialis, a specias very closely related to Q. J1tora11s, 1s a 

"highly efficient osmoregulator u
·, It niainta1ns hemolymph osmot1c 

pressure constant over a range of Seawater di 1 ut ions, After 24 h in 

apprQximately 60/QO seawater it maintained its hemolymph more than 

700 mOs hypeltPsmotic to the medium. In compar1son, Q. l1toraHs in 

approximately 5%0 seawater could maintain only a 300 mOs difference . W 
from the medium after half as long an incubation, 

~ \ 

Our unpublished salinity tolerance data for On1s1mus gJac1al1s shQW 

that this species can tolerate ~he same w1de.salinity range as 001s1mys 

litoralis. Since these species have the same salinitY,tolerallces but 

hyperregulate with different efficiencies, it 1s likely that ti$sue 
• 

water volume regulation and/or tolerance is very different in each of 

them. This requ/res further investigation wh1ch may also provide useful 

information to taxonomists èoncerning physiological differences between 

the Onisimus species. 
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Behavioral responses ar~ important to survival in environments with 

fl uctuatin9 sal inity (Davenport 1985). Both Anonyx .D.Y9M and Onisimus 

litoral1s survive brief exposures to salinities that will eventually 

'" kill them. In the wild they may be able to escape abrupt changes' in 

salinity by moving to less osmotically stressful a"reas or by burrowing 
1 

into environmentally stable substrate. 
, 1 

The burrowing behavi:0r observed in both species (Sainte-Marie & 

Shea 4n.'prep.) could be u~eful in regulating hemolymph o~motic pressure 

during salinity fluctuati~ns. Interstitial water salinitiès of exposed 

intertidal flats or estuaries usually change slowly ev en when the 

overlying water is fresh (Reid 1930, 1932, Kinne '1971, Shea & Marcotte 

in prep.). During osmotically stressful periods either species could 

ensure a more stabl e hemolymph osmot i c pressure by burrowi ng i nto the 

substrate to take advantage of thè less variable salinity. 
t 

The distripution of each species reflects its phys;'ological 
, ') 

abilities to respond to salinity fluctuations. The apcility of Onisimus 

) Horal i s t6 hyperregul ate strongly for up to 3 h relates wel 1 to its 
J ,1 

~ distribution in 't'he intertidal zone of Upper Frobisher Bay. It follows 

the ebb tid~ to the lower' areas of the intertidal zone and then may dig 
'1) 

into the sa~ or mud, remain in tidal poqls or ~tay in the shallow sub­

tidàl zone until the tide starts to come back in (Shea & Marcotte in 

prep.). Its use of the mid and lower- inteddal zone ensures that it 
'\,. . 

will only be exposed to fluctuations in salinity for short periods 

whe~her buried or free swimming. Q. litoralis can tolerate high and low 
/' . 

salinitie~ for extended periods of up to at least 10 d. This ability may 
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be critical wheh the species is stranded in tidal pools or during freeze 

up and melt periods. 

The ability of}onis;mys litoralis t~ inerease its osmotic pressure 

and remain isosmotie or slightly hyperosmotic to concentrated -seawater 

refleets its abi11ty to survive in intertidal pools when they freize 

over (Shea & Marcotte in prep.). The formation of iee in tide pools 1s 
., -

linked with deereasing température and increasing saUnity. Therefore, . 
the physiologieal meehanism 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 env1ronment. -

In Upper Frobisher Bay, Anonyx nugax lives subtidally (Shea & 

Marcotte in prep.) in stable salinities of 320/00 to 34%0 (Lovr1ty ,. 
1984). Its narrower salinity tolerance spe~rum and weak osmor~gulatory 

ability relate well to its observed d1strfbut1on. It could however, 

withstand sorne of the fluctuations that it would encounter in 1ts 
. 

sporadic occurrences on beaches and un~er the ice~ However, these would 

have to be mild and brief salinity shifts. Otherwise, the 'spec1es' 

ph~siological limitations should excl~de it from these environments. The 

sudden and drast i c changes in sali ni ty wh i ch can occur 1 n the Ugp'er 
~ .' 

Frobi~her Bay intertidal zone seem to account for the total lâck of A. 
nugax in that habitat (Shea & Marcotte 1n prep.). " 

( 

Sorne inobil e i ntert i da l organ i sms wh; ch can withstand fl uctuat ions 
~ • !> 

in sali,nity can take advantage of the under-ic'e environment. from 

distr.ibutional studies (L.G.L. Ltd. 1982, .Cross & Martin 1983, Shea & 

Marcotte in prep.) we expect Onjsimus litoral15 to be well adapted to 
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11 fe under the i ce: The data presente? here confi~ that i t 1 s 
"­phys10log1ca11y capable of withs~anding most of the osmotic stress~s of 

that environment. Anonyx nugax however, does not appear under the ice in . , . 
r> 

Upper Frobisher Bay in large numbers (Shea & Marcotte in p~ep.) or in 
. ;; " 

other locations (Thomson et al. 1975, Cross & Martin 1983). This could 

be a resu1~ of factors other than osmotic stres~ ~ince 1t can tolerate 

the modérate swings in salinity WhiC~ would occur during slo~ice 
growth. One exp1anatio~ may be that its fo~d is not availab1e. Althaugh 

A. nygax specimens taken From the under-ice had diatoms in their guts . 
(Thomson et al. 1975~, the carrion and polychaetes up~n which it usua-lly 

feeds (Sainte-Matie & Lamarche 1985) are not present. Alternatively, it 

may not negot i ate the 20 m or so From the se'a f100r to the under- i ce 

surface, whereas Onisimys 1itoralis readily spreads out on ta the under­

ice surface from the littoral zone. However, in any cas~, during freeze­

up and periods of quick ice growth or melt, A • .D.Y.9ll mu~tlbe -excl1uded 

from the under-ice environment by its inability to tolerate salinity 

extremes. 
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